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FIRST    EDITION, 


This  Work  is  intended  for  the  use  of  all  persons  eonoemed 
diher  with  the  nayigation  of  ships  or  with  the  determination  of 
latitade  and  long^itude  on  shore. 

The  present  volame,  whieh  is  demoted  exdusiTely  to  the  prao- 
TiCB,  contains  all  the  rules  and  tables  necessary  in  navigation,  and 
for  the  determination  of  latitude  and  longitude  by  means  of  the 
sextant  or  reflecting  eirele.  The  study  o{  its  contents  demands  no 
previous  attainments  beyond  the  knowledge  of  the  elements  of 
arithmetic.  Every  endeavour  has  been  made  to  render  the  whole 
easy  of  reference,  and  to  adapt  it  to  the  use  of  those  who  may 
desire  to  instruct  themselves.  Rules  which  admit  of  more  cases 
than  one,  as,  for  example,  that  for  applying  the  equation  of  equal 
altitudes,  are  given  in  the  form  of  tablet;  so  that  the  several  eon* 
ditions  involved,  and  their  mutual  connexion,  being  exhibited  to  the 
eye,  the  computer  is  relieved  from  the  sense  of  complication,  and 
the  chance  of  a  mistake  is  materially  diminished.  An  ample  alpha- 
betical index  is  annexed,  by  which  the  reader  is  at  once  referred  to 
all  the  information  which  the  volume  can  afford  him. 

Those  who  have  been  brought  up  to  the  sea,  and  who  have 
experienced  the  distaste  for  long  calculations  which  that  kind  of 
life  inspires,  will  not  hesitate  to  admit  that  the  only  means  of 
inducing  seamen  generally  to  profit  by  the  numerous  occasions 
which  offer  themselves  for  finding  the  place  of  the  ship  is  extreme 
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breyily  of  solution.  It  is  not,  howerer,  merely  as  a  eonoesrion  to 
indolence,  that  rules  should  be  made  as  easy  and  simple  as  possible ; 
the  nature  of  a  sea  life  demands  that  every  exertion  should  be  made 
to  abridge  computation,  which  has  often  to  be  conducted  in  circum- 
stances of  danger,  anxiety,  or  fatigue,  and  so  to  separate  the  several 
points,  that  the  seaman  may  be  referred  directly  to  what  concerns 
his  case,  to  the  exclusion  of  all  other  matter.  These  considerations 
have  been  carefully  kept  in  yiew  in  the  rules,  in  the  examples,  and 
in  the  form  and  order  of  the  tables. 

Two  kinds  of  solutions  are  employed,  and,  in  general,  two  only ; 
namely,  an  approximate  method,  and  a  complete,  or,  as  it  is  called, 
rigorous^  method.  The  former  may  often  serve  in  cases  of  haste, 
or  when  precision  is  not  necessary,  and  will  also  afford  a  conve- 
nient check  against  the  effects  of  a  mistake  in  the  more  elaborate 
method. 

AH  the  computations  are  effected  by  the  well-known  methods  of 
inspection  and  logarithms ;  and  as  the  former,  it  is  presumed,  leave 
but  little  to  be  desired  in  point  of  expedition,  Qunter's  scale,  or  other 
mechanical  methods,  are  not  employed. 

Sailing  on  a  Great  Circle  is,  in  this  work,  reduced,  like  Plane 
Sailing,  to  Inspection,  by  means  of  the  Spherical  Travebsb 
Table. 

Convenient  rules  are  given  for  finding  the  dbtance  of  the  land 
by  its  change  of  bearing,  and  by  its  altitude  observed  above  the 
sea-horizon.  ^ 

The  seaman  will  find  every  necessary  information  on  the  subject 
of  local  magnetic  deviation. 

The  highly  useful  problem  of  determining  the  latitude  at  sea,  by 
the  reduction  of  an  altitude  to  the  meridian,  will  be  found  gready 
abridged ;  and  a  table  is  added  for  the  purpose  of  shewing  the 
limits  within  which  the  result  may  be  depended  upon  when  the 
time  at  ship  is  in  error.  This  table  will  be  found,  it  is  presumed, 
of  considerable  utility,  as  it  is  perhaps  from  the  want  of  some 
specific  information  as  to  the  degree  of  confidence  which  it  is  safe 
to  place  in  the  result,  no  less  than  of  a  short  and  easy  rule,  that  this 
excellent  observation  is  almost  entirely  neglected ;  and,  in  conse- 
quence, the  latitude,  when  the  meridian  altitude  is  not  exactly 
obtained,  is  too  often  lost  for  the  day. 

The  approximate  solution  of  the  double  altitude,  as  a  question 
of  Time,  will  be  found,  it  is  hoped,  well  adapted  to  general  use : 
funce^  unless  the  latitude  by  account  is  very  much  in  error   this 
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method  determines  both  the  true  latitude  and  the  time  at  ship; 
and  the  computation  of  the  time  is  one  with  which  seamen  are 
familiar  in  the  next  d^ree  to  that  of  the  latitude  by  meridian 
altitude.  The  principle  is  not  new,  but  rules  have  not  hitherto 
been  given  for  computing  directly  the  error  of  the  latitude  by 
account. 

The  first  approximate  method  of  clearing  the  lunar  distance  is 
new,  being  effected,  like  many  other  problems,  by  the  Spherical 
Traverse  Table.  The  rigorous  method  is  a  modification  of  Borda's, 
aud  employs  five  logarithms,  of  which  two  only  are  taken  out  to 
seconds. 

In  a  work  in  which  many  of  the  methods  are  new,  I  have  felt  it 
would  be  more  satisfactory  to  the  professional  reader  to  find  them 
illustrated  by  observations  actually  taken  at  sea.  The  examples 
are  accordingly  selected  from  the  journals  of  Captain  W.  F.  W. 
Owen,  who  kindly  lent  them  to  me  for  the  purpose ;  though,  neces- 
sarily, in  proceeding  by  fixed  rules,  I  could  not  introduce  the 
solutions  employed  by  that  distinguished  navigator.  The  remaining 
observations  have  been  furnished  to  me  by  the  Rev.  G.  fisher, 
astronomer  to  Sir  Edward  Parry's  expedition  to  the  Polar  Seas. 

In  order  to  enable  the  computer  to  judge  of  the  degree  of  pre- 
cision to  which  he  attains,  the  degree  ofdependance  to  be  placed  on 
the  result,  or  the  limit  of  probable  error,  is  indicated.  This  is  the 
more  important,  as  very  indistinct  and  erroneous  notions  prevail 
among  practical  persons  on  the  subject  of  accuracy  of  computation ; 
and  much  time  is,  in  consequence,  oflen  lost  in  computing  to  a 
degree  of  precision  wholly  inconsistent  with  that  of  the  elements 
themselves.  The  mere  habit  of  working  invariably  to  a  useless 
precision,  while  it  can  never  advance  the  computer's  knowledge  of 
the  subject,  has  the  unfavourable  tendency  of  deceiving  those  who 
are  not  aware  of  the  true  nature  of  such  questions  into  the  per- 
suasion that  a  result  is  always  as  correct  as  the  computer  chooses 
to  make  it;  and  thus  leads  them  to  place  the  same  confidence  in 
all  observations,  provided  only  they  are  worked  to  the  same  degree 
of  accuracy.  By  habitually  following  the  short  precepts  laid  down 
on  this  point,  the  computer  will  learn  insensibly  to  estimate  the 
value  of  his  results ;  of  which,  since  the  limit  of  error  is  the  sole 
criterion  of  the  accuracy  of  any  determination)  he  cannot  otherwise 
be  a  judge.  The  degree  of  precision  to  which  it  is  proper  to  carry 
the  work  in  any  case  is  observed,  in  general,  in  the  examples. 

In  the  Tables  every  endeavour  has  been  nuule.to  render  thf 
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collection  cpmpleite  for  the  purposes  required,  and  to  compress  tbe 
whole  into  sn^al]  ^op^pass.  For  the  sake  of  clearness,  a  different 
figure  has  beep  adopted  fof  the  argument  and  for  the  numbers  in 
the  body  of  each  table.  In  the  logarithms  six  places  of  figures 
only  are  employed,  because  a  single  result  in  which  six  places  are 
necessary  cannot  be  depended  upon  to  the  degree  of  precision 
obtained.  On  the  sfime  principle,  some  of  the  logarithms  are  given 
to  three  places  only. 

The  log.  sin^  square  of  half  the  arc.  Table  61,  universally 
familiar  to  seamen  in  finding  the  time,  is  given,  for  the  convenience 
of  this  constant  computation,  to  every  second  of  the  12  hours.  By 
means  of  this  term  tables  of  versed  sines  are  dispensed  with,  all  our 
solutions  being'either  numeral  or  purely  logarithmic. 

I  have  not,  either  in  the  Rules  or  the  Tables,  aimed  to  make 
that  additive  which  is  in  the  nature  of  things  subtractive.  The 
precept  subtract  is  as  easy  as  the  precept  add;  and  when  the 
student  has  the  natural  process  before  him  he  may  be  led  to  dis- 
cover the  reason  of  it ;  and  must  thus,  by  attention,  always  advance 
in  knowledge  of  the  subiect.  But  an  artificial  process  obstructs  tbe 
exercise  of  the  facilities,  or  leads  the  student,  who  reflects  on  what 
he  does,  to  false  conclusions. 

The  composition  of  the  Table  of  Maritimb  Positions  has  been 
a  very  laborious  task,  and  has  caused  great  delay  in  the  appearance 
of  the  Work.  The  numerous  chronometric  measures  furnished  of 
late  years  have  rendered  it  necessary  to  deduce  longitudes  in  a  more 
systematic  and  accurate  manner  than  that  hitherto  followed,  which 
has  chiefly  consisted  in  modifying  former  determinations  by  means 
of  those  succeeding  them.  AbsolutSy  or  astronomical  positions,  and 
relative  positions,  being  distinct  things,  and  the  latter  being  by  far 
of  the  greater  consequence  to  navigation,  it  is  necessary,  pre- 
paratory to  a  complete  and  final  arrangement,  to  separate  these 
two  kinds  of  determinations.  Accordingly,  in  a  series  of  papers, 
some  of  which  have  been  already  published  in  the  Nautical  Maga- 
zine,* I  have  endeavoured  to  arrange  the  chronometric  difierences 
of  longitude  with  reference  to  certain  fixed  points,  convenient  for 


*  The  data  or  evidenoe  for  the  lerenl  p08iti<mB  being  giyen  in  these  papers,  the  Tslae 
of  eaoh  tletennination  is  easily  vpprecisted ;  and  aeoordingly,  indi^daals  in  poasession  of 
ooe  or  more  good  watches  nifj,  by  oorrecting  defective  measures,  or  by  establishing  new 
links  of  connexion,  render  material  service  to  maritime  geography.  See  Nautical  Magazine, 
1S39,  and  following  years. 
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tlie  parpose,  whioh  it  is  proposed  to  call  Secondary  MeruSans. 
These  standard  positioDS,  of  which  the  number  assumed  is 
righteen,  being  considerably  dbtant  from  each  other,  are  deter- 
mined nearly  enough  for  present  purposes,  and  would,  according 
to  the  system  proposed,  be  finally  settled  by  long  series  of  astro- 
nomical  obseryations. 

An  account  of  the  principles  adopted  in  this  arrangement,  and 
of  the  several  Toyages  and  sprveys  from  which  the  materials  have 
been  taken,  will  be  found,  together  with  some  suggestions  for  the 
advancement  of  the  subject,  in  the  Nautical  Magazine.  But  it  is 
necessary  to  state  here,  that  the  late  determinations  of  the  longitude 
of  Madras  have,  from  die  importance  of  that  position,  occasioned  a 
long  and  intricate  discussion.  Mr.  Riddle  and  Mr.  Maclear  have 
compared  observations  of  moon  culminating  stars  made  at  Madras, 
with  like  observations  made  in  Great  Britain  and  at  the  Cape  of 
Good  Hope. respectively.  According  to  their  computations,  which 
agree  vAy  nearly,  the  received  longitude,  80P  17'  21'',  is  about  3'  21" 
too  great.  The  number  and  superior  character  of  these  observa- 
tions, and  the  agreement  o(  the  results,  have  led  me  to  adopt,  with- 
out hesitation,  80^  lAfV^;  while  the  magnitude  of  the  correction  has 
rendered  it  indispensable  to  trace  its  efiects  on  the  longitudes  of  the 
Eastern  Seas. 

Precision  in  the  Maritime  Positions,  especially  in  the  longitudes, 
becomes,  as  navigation  advi^nces  to  perfection,  a  matter  of  increasing 
importance;  because,  where  longitudes  are  well  determined,  the 
error  of  a  chronometer  may  be  ascertained  on  every  occasion  of 
making  the  land. 

It  will  not  be  out  of  place  to  remark  here  that  it  is  high  time  the 
chronometer  should  be  found,  like  the  compass,  among  the  stores  of 
ev^ry  vessel  beyond  a  mere  coaster.  It  would  be  superfluous  to 
attempt  to  prove  that  the  hardships  and  privations  consequent  on 
missing  a  port,  the  losses  of  ships  from  being  out  in  their  reckonings, 
and  the  evils  incident  to  navigation  generally  from  the  want  of  a 
ready  means  of  checking  the  enormous  errors  to  which  the  dead 
reckoning  is  liable,  would,  in  many  cases,  have  been  prevented  by 
a  chronometer. 

In  urging  this  recommendation,  it  is,  of  course,  taken  for  granted 
that  they  to  whose  hands  the  chronometer  is  entrusted  are  qualified 
to  make  a  proper  use  of  it.  Employed  merely  as  a  check,  a  single 
chronometer  cannot  fiiil  to  prove  of  great  service ;  but  too  firm  a 
reliance  on  such  an  instrument  would  lead  to  the  dangerous  erfor 
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of  relaxing  that  yigUance  which  the  known  nncertaintj  of  the  dead 
reckoning  keeps  perpetually  alive. 

A  list  of  times  of  high  water,  or,  as  they  are  now  called.  Esta- 
blishments of  Ports,  is  not  given.  The  researches  on  the  tides 
made  of  late  years  by  Mr.  Labbock  and  the  Rer.  W.  Wheweil, 
have  proved  that  the  establishment  cannot  be  truly  deduced  but 
from  numerous  observations,  and  consequently  that  a  simple  recorded 
time  of  high  water  is  altogether  insufficient.  Moreover,  if  the  esta- 
blishment were  correctly  known,  the  time  of  high  water,  as  also  the 
height  of  the  tide,  cannot  be  determined  without  other  elements, 
which,  except  in  comparatively  few  places,  are  not  afforded.  But 
in  navigation  it  is  not  the  true  instant  of  high  or  low  water  that  is 
required  so  much  as  the  time  at  which  the  flood  or  ebb  stream  turns, 
because  this  last  affects  every  vessel  when  near  the  shore ;  and  the 
proper  place  for  information  of  this  kiud  is,  obviously,  the  Sailing 
Directions.  * 

Although  some  results  of  the  khid  might  be  advantageously 
placed  in  a  general  work  on  navigation,  yet  the  uncertainty  of 
almost  all  that  has  been  published,  and  the  difficulty  of  collecting 
better  materials,  will,  it  is  hoped,  excuse  the  ombsion,  at  least  for 
the  present. 

It  may,  however,  be  remarked,  that  under  whatever  form  it  may 
hereafter  be  found  advisable  to  publish  particulars  of  the  tides,  the 
observations  required  are  so  numerous,  the  discussions  so  tedious, 
and  the  whole  subject  so  complicated,  that  no  individual  could 
undertake  successfully  to  treat  this  branch  of  navigation  unless  in 
a  work  devoted  exclusively  to  its  consideration. 

The  subject  of  Maritime  Surveying,  usually  treated  in  works  of 
this  kind,  has  been  omitted.  Surveying  is  no  part  of  the  navigation 
of  a  ship,  and  a  survey  having  any  pretensions  to  authority  can 
scarcely  be  made  by  a  person  whose  qualifications  for  the  task  are 
confined  to  the  slender  information  contained  in  a  few  pages.  A 
survey  is  a  matter  of  too  great  consequence  to  the  security  of  navi- 
gation to  be  received  from  incompetent  hands ;  and  the  seaman  who 
desires  to  acquire  a  knowledge  of  surveying  should  study  works 
treating  expressly  of  this  branch  of  science. 

The  customary  chapter  on  the  Winds  has  likewise  been  omitted. 
The  subject,  generally,  does  not  belong  to  the  navigation  of  a  ship; 
and,  even  if  it  did,  the  general  information  contained  in  a  few 
pages,  though  interesting  as  a  branch  of  natural  philosophy,  is 
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Deoessaiily  too  vague  to  be  effective  in  shaping  the  eonrse.  The 
same  applies  to  Currents,  and  also  to  the  Marine  Barometer; 
which,  though  matters  of  important  consideration  in  sea-voyages, 
are  not  concemad  in  the  practice  of  navigation,  since  this  term,  in 
strictness,  comprehends  only  the  consideration  of  the  place  of  the 
ship  when  her  circumstances  and  destination  are  given. 

The  space  gained  by  the  omission  of  these  collateral  subjects, 
and  other  matters  sometimes  introduced,  is  appropriated  to  the 
numerous  practical  details  of  the  proper  subjects  of  such  a  treatise. 

The  Work  will  be  completed  by  another  volume,  which  will  be 
entitled  the  Theory  of  Navigation,  and  will  contain  the  construc- 
tion of  the  rules  and  tables,  for  the  advantage  of  those  who  desire 
to  confirm  their  practical  knowledge  by  mathematical  investigation. 
It  will  contain,  likewise,  those  methods  in  which  the  transit  and 
azimuth  instruments  are  employed.  The  present  volume  being  thus, 
in  the  ordinary  practice  of  navigation,  independent  of  the  second,  no 
notice  of  another  volume  appears  in  the  title-page. 

By  the  term  Theory  is  commonly  understood,  in  this  particular 
subject  at  least,  the  scientific  principles  on  which  the  rules  are 
formed.  Considerations  of  this  kind  are  thus  altogether  excluded 
from  the  present  volume ;  but,  on  the  other  hand,  that  rationale^  or 
process  of  reasoning,  which,  in  considering  the  nature  of  the  case,  is 
obvious  to  common  sense  or  apprehension,  is,  in  most  cases,  intro- 
duced, as  necessary  to  a  clear  understanding  of  important  points. 

The  theory  and  the  practice  are  thus  kept  purposely  distinct. 
The  former  is  not  always  necessary  to  successful  practice ;  and  rules 
constructed  for  ready  and  general  application  approach  to  perfec- 
tion in  proportion  as  they  leave  less  to  individual  judgment  or  skill. 
It  is  the  custom,  generally,  to  teach  the  theory  first ;  the  impression 
forced  upon  me  is,  on  the  contrary,  that  the  practice  is  itself  the 
best  foundation  for  sound  and  rapid  advancement  in  the  theory. 
For  he  who  has  acquired  the  practice  knows  the  nature  and  extent 
of  the  subject;  and  in  proceeding  to  the  theory  he  has  a  distinct 
perception  of  the  object  to  be  attained.  This  is  not  the  place  for  a 
discussion  on  these  points ;  but  it  was  incumbent  on  me  to  state,  in 
a  few  words,  the  grounds  of  the  arrangement  adopted. 

It  is  manifestly  the  duty  of  a  writer,  who  undertakes  to  treat  a 
subject  in  a  thoroughly  practical  manner,  not  only  to  discuss  every 
point  which  presents  itself,  but  also  to  pronounce  a  decided  opinion 
^  every  case.     It  is  proper  to  bring  this  point  under  the  notice  of 
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the  reader*  who,  e^peaially  if  be  bae  more  experience  in  the^e  matterB 
than  myself,  Wight  otherwise  be  disponed  to  consider  many  things 
in  this  Yolame  as  laid  down  too  ^ositirely. 

I  cannot  close  the  preface  to  a  work  which  has  been  some  years 
iu  preparation,  and  in  which  I  have  endeavoured  to  redace  to  a 
practical  form  every  useful  consideration  which  has  been  suggested 
by  my  own  experience  or  by  intercourse  with  eminent  officers  and 
men  of  science,  withont  soliciting  the  indulgence  of  the  reader  to 
errors  and  to  deficiencies.  Absolute  correctness,  especially  in  tables, 
is  scarcely  attainable ;  and  in  a  troatise  which  contains  much  that 
has  not  appeared  before,  I  cannot  reasonably  flatter  myself  that, 
notwithstanding  every  care  and  attention,  soine  small  inaccuracies 
may  not  be  found. 

H.  & 

September  1840, 
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In  tbe  Advertisement  to  the  Second  Edition  I  had  the  satis- 
Faction  of  being  able  to  state  that  the  Royal  Geographical  Society 
had  conferred  the  flattering  distinction  of  their  gold  medal  on  the 
first  edition,  and  that  tbe  Lords  Commissioners  of  the  Admiralty 
had  honoured  my  work  by  ordering  it  to  be  supplied  to  Her  Ma- 
jesty's Navy  as  ship's  stores. 

The  present  edition  has  been  greatly  augmented.  Much  of  tlie 
work  has  been  rewritten ;  new  sections  have  been  added,  on  Sum- 
ner's Method,  on  Revolving  Storms,  and  on  other  subjects.  Several 
new  Tables  have  been  introduced,  amongst  which  may  be  mentioned 
Tide-Hours,  Passages,  Approximate  Variation  of  the  Compass,  and 
the  Tables  of  Log  Sines,  &c.  published  separately  in  1846. 

Two  approximate  methods  of  determining  the  time,  though  of 
inferior  value,  are  introduced,  since  a  work  aiming  to  be  complete 
for  practice  should  contain  provision  for  extreme  cases.  Nos.  78199 
791. 

The  introductory  portion,  it  had  often  been  suggested,  was  in- 
suflScient  for  the  purposes  of  elementary  instruction.  It  is  easier 
to  allege  this,  than  to  lay  down  a  condition  which  is  to  deter- 
mine the  extent  of  such  preliminary  matter.  An  attempt,  how- 
ever, has  been  made  to  fix  a  limit,  on  the  following  grounds : — 

The  most  general  defect,  perhaps,  in  the  education  of  seamen,  as 
regards  the  present  subject,  ib  an  insufficient  knowledge  of  arith- 
metic ;  by  which  I  mean,  not  of  the  more  advanced  rules,  but  of  the 
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elements,  and  especially  of  proportion.  Now  all  questions  to  which 
arithmetical  processes  are  applied  inrolye  some  proportion^  which 
the  operation  is  to  bring  out,  or  distinctly  assign ;  and  it  appears, 
accordingly,  a  great  omission  in  our  education  that  we  are  not 
more  exercised  on  this  point,  which  is  the  sole  object  or  end  of 
the  processes  which  we  learn  to  practise  mechanically. 

Again,  in  geometry,  it  is  not  the  variety  of  problems  which 
benefits  the  practical  man,  but  a  well-grounded  and  familiar  know- 
ledge of  a  few  comprehensive  propositions,  which  he  applies  readily, 
add  with  confidence ;  and  the  geometrical  knowledge  which  appears 
to  me  to  suffice  to  our  present  purpose  is  comprised  in, — 1,  the 
property  of  the  square  of  the  hypothenuse ;  2,  the  measure  of  an 
angle  at  the  circumference ;  3,  the  similarity  of  plane  triangles.  The 
first  is  of  general  importance ;  the  second  includes  the  problem  of 
fixing  a  station  by  means  of  two  angles  subtended  by  three  objects ; 
and  the  third  is  the  basis  of  trigonometry. 

In  this  edition,  therefore,  proportions  and  fractions  are  treated 
at  some  length,  and  illustrated  by  numerous  examples  which  afibrd 
the  student  abundant  exercise ;  and  a  short  course  of  geometry 
IS  given,  after  the  manner  of  Euclid,  sufficient  to  establish  the 
above  important  theorems. 

These  limitations,  the  reader  will  bear  in  mind,  are  intended  to 
apply  only  to  that  particular  quantity  of  elementary  matter  which 
is  assumed  to  be  necessary  and  sufficient  for  the  scale  of  attain- 
ment contemplated  in  the  present  volume. 

In  the  Table  of  Positions  many  points  of  information  of  con- 
sequence to  seamen  are  expressed  by  means  of  a  new  system  of 
Sytnbols.  In  these  days  little  apology  is  required  for  introducing 
a  scheme  which  a  few  years  ago  would  have  been  deemed  a  rash 
innovation.  But  a  growing  tendency  to  the  use  of  symbols  mani- 
fests itself  on  all  sides.  Efforts  have  been  made  to  represent,  as 
far  as  possible,  all  matters  of  instruction  under  a  form  addressed 
to  the  eye;*  and  symbols  effect  this  object  in  an  eminent  degree, 
for  their  distinct  and  conspicuous  forms,  contrasting  with  the  mono- 
tonous aspect  of  alphabetic  writing,  arrest  and  fix  the  attention, 
while  their  extreme  conciseness  admits  the  insertion  of  matters  to 
which,  for  want  of  room,  no  allusion  could  otherwise  be  made. 

The  employment  of  symbols,  therefore,  on  a  more  extensive 
scale  than  we  have  yet  been  used  to,  and  that  at  no  distant  period, 
may  be  considered  inevitable ;  and  the  present  system,  which  has 

*  Th«  PhjBioil  Atlai  it  an  example. 
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oecupied  my  attention  for  several  years,  is  proposed  as  so  far 
deserving  consideration  that  it  is  constructed  with  rigid  adherence 
to  principles.*  The  number  of  signs  which  I  have  ventured  to 
mtrodnce  is  small,  since,  in  matters  waiting  the  sanction  of  experi- 
ence, it  is  better  to  move  too  slow  than  too  fast. 

The  introduction  of  symbols  has  necessarily  modified  the  original 
design  of  the  work,  as  described  in  the  preface,  and  has  justified  allu- 
sion to  many  matters  which  otherwise  would  not  have  found  a  place 
in  it. 

The  chief  labour  of  this  edition  (as,  indeed,  of  the  two  former) 
has  been  the  Table  of  Positions,  which,  in  consequence  of  the  nu- 
merous references  made  to  my  labours  in  this  country  and  abroad, 
I  was  desirous  to  extend.  The  list  now  contains  8,800  places ;  and 
as  the  degree  of  accuracy  is  indicated  wherever  I  have  found  the 
means  of  forming  a  judgment,  and  as  many  physical  details  are 
supplied, — such  as  the  dimensions  of  islands,  heights,  and  the  depths 
of  shoals, —  the  table  may  be  considered  as  representing  the  state 
of  maritime  geography  at  this  day.  The  number  of  voyages, 
charts,  and  surveys,  which  it  has  been  necessary  to  consult,  —  the 
labour  of  digesting  and  comparing  the  mass  of  materials  collected, 
and  the  introduction,  by  a  new  method,  of  numerous  details  im- 
portant to  navigation, — will,  it  is  hoped,  excuse  the  long  delay  in 
the  appearance  of  this  edition,  and  account  for  the  work  having 
remained  out  of  print  for  nearly  three  years. 

In  conclusion,  I  gladly  express  my  obligation  to  the  draftsmen 
and  other  gentlemen  of  the  Hydrographio  Office,  whose  patience 
during  many  years  I  have  sordy  taxed  in  the  inspection  and  re- 
examination of  thousands  of  documents,  and  without  whose  active 
and  disinterested  assistance  I  must  have  left  much  in  a  very  unsa- 
tisiactory  state. 

*  The  neoQHitf  for  a  nniformitj  in  hydrognphic  lymboli  hat  alreadf  shewn  itself. 
Symbob  amiler  in  character  denote,  on  the  French  charts,  roeki  1A099  the  water,  and  on 
Che  Rusriaa  charts  rocks  b€low  the  water. 
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THE    TWELFTH    EDITION. 


Tub  M ARiritfii  PosinoMS  in  this  Edition  have  been  carefally  cor- 
rected by  Stafif  Commander  Thomas  A.  Hull,  B,N,,  Superintendent 
of  Admiralty  Charts;  and  the  whole  work  has  undergKMie  a  complete 
revision. 


CONTENTS. 


INTRODUCTION. 


PAOfl 

i.  Praotions    1 

II.  PBOFoanoir 10 

m.   LOOAUTHMS     •  18 

IV.  Practxcai.  GsoMsniT   21 

V.  Raising  tbb  TBiaoNomTRicAL  Canon    82 

VI.  Mbtboos  of  Solution 50 


NAVIGATION. 

.  I.     Dbfinitionb    ...  * 55 

XI.     Inbtrumbmts  of  Navigation   64 

I.  Thb  Compass 64 

II.  Tbb  Loo  and  Glassbs 80 

III.    Thb  Sailings 82 

I.  Plans  Sailing,  with  TRAYBBSBt  Cvbkbnt,  ajtd 

WiNDWABD  Sailings 82 

II.  Paballbl  Sailing,  with  Middle  Latitudb,  and 

Mbboatob's  Sailings  95 

III.  Gbbat  Cibclb  Sailing    106 

IV.    Taking  Dbparturbs 114 

I.  Bt  a  Singlb  Bbabing  and  Distahob 114 

II.  Dbtbbmination  07  Distancb   ..••... 114 

III.   MbTBODS  BT  THB  ChABT '.  .     120 

V.    Charts    122 

I.  UsB  OF  Mbbcatob^s  Chabt    123 

II.  Construction  of  Mbbcatob's  Cbabt 127 

III.  Pbopbbtibs  of  Cbbtain  Pbojbctions 127 

VI.    Sounding    129 

a 


XVm  CONTENTS. 

PAGB 

Chap  VII,    Thb  Ship's  Journal 132 

I.  Blbvpino  THB  Ship's  JoumNAL 132 

n.  Thb  Day's  Wo&K *••  140 


NAUTICAL  ASTRONOMY. 


I.     Definitions    143 

II.    Instruments  of  Nautical  Astronomt 160 

I.  Thb  REFLBCnNG  iNSTBUMBim 160 

II.  Thb  Abtificiai.  Hobizom  170 

III.  Thb  Chbonometbr  173 

III.  Taking  Observations 1 75 

I.  Obsbbvino  Altitudbs 175 

II.  Obsbryations  with  and  without  Assistants  . .  183 

III.  Employicbnt  of  thb  Hack  Watch 184 

IV.  Finding  thb  Stabs  185 

IV.  Subordinate  Computations    187 

I.  Thb  Grbenwich  Datb 188 

II.  Reduction  of  the  Elements  or  the  Nautical 

Almanac 189 

iii.  conybbsion  of  timbs 198 

IV.  Houb-Anglbs    200 

V.  Times  of  cbbtain  Phenombna 206 

VI.  Altitudbs  212 

VII.  Azimuths   222 

V.     Finding  the  Latitude 225 

I.  By  the  Meridian  Altitude 225 

II.  By  the  Reduction  to  the  Mbridian 231 

III.  By  Double  Altitude  of  the  same  Body  ....  237 
rv.  By  Double  Altitude  of  diffbrbnt  Bodies  ....  252 

V.  By  the  Altitude  of  the  Pole  Star  259 

VI.    Finding  the  Time 2G0 

I.  By  a  Single  Altitude 260 

II.  By  Difference  of  Altitude  near  the  Meridian  267 

III.  By  EauAL  Altitudes 269 

IV.  Rating  thb  Chronombter    275 


CONTKNTS.  XIX 

PAOB 

Chap.  VIL    Finding  the  Lonoitudb 279 

I.  Br  THB  Chronomster 279 

II.  Bt  THB  Lunar  Obsbryation 283 

III.  Bt  the  Moon's  Altttudb 301 

IV.   Br  AN  OCCULTATION 304 

V.  Br  EcLiPBBS  OF  Jupitbr's  Satbllitbs    307 

VIII.    Finding  the  Variation  of  the  Compass 308 

I.  Br  THB  Amputudb 308 

II.  Br  THB  Azimuth   310 

III.  Br  Astronomical  Bbarinos 313 

IX.    The  Tides 317 


• 


I.  Phenomena  of  the  Tides 317 

U.  Rules  for  finding  the  Time  of  Hiob  Water.  .   323 
III.  Tide  Observations 326 


NAVIGATING  THE  SHIP. 

I.  Shaping  the  Course  629 

II.  Place  of  the  Ship 333 

III.  Determining  the  Cubrbnt 347 

ly.  Reyolving  Storms 348 

y.  Making  the  Land  353 

Explanation  of  the  Tables 865 


rABLES. 


NAVIGATION. 


TABLM 


PAGB 


THB 

SAILINGS. 


DBPARTURBS. 


TIDES. 


REDUCTION 

OF  THB 

ELEMENTS 

IN  THB 

NAUTICAL 
ALMANAC. 


f    1.  Traverse  Table  to  Quarter-Points 423 

2.  Trayerse  Table  to  Degrees 489 

3.  Departure  and  CorrespoodiDg  Difference  of  Lon- 
gitude   484 

I    4.   Difference  of  Longitude  and  Corresponding  De- 
parture   485 

6.  Spherical  Traverse  Table 486 

L  6.   Meridional  Parts 496 

7.  For  finding  the  Distance  of  an  Object,. by  Two 
Bearings  and  the  Distance  run  between  them    500 

8.  True  Depression  or  Distance  of  the  Sea  Horizon  501 

9.  Number  of  Feet  subtending  an   Angle  of  I'  at 
Different  Distances 50 1 

10.  Maritime  Positions 502 

11.  Approximate  Variation  of  the  Compass 590 

kl2.   Passages •. 592 

13.  Tide-Hours   596 

14.  Epacts   599 

16.  Semimenstrual  Inequality ' 600 

16*  Approximate  Rise  and  Fall  of  the  Tide 600 

NAUTICAL    ASTRONOMY. 

''IT.  For  converting  Arc  into  Time  . 601 

18.  For  converting  Time  into  Arc 601 

19.  Correction  of  the  Sun*s  Declination,  at  Sea 602 

20.  Correction  of  the  Equation  of  TimCi  at  Sea  .  •  • .  •  602 

21.  For  reducing  Daily  and  Twelve- hourly  Variations  608 
21a.  Logarithms  for  reducing  Daily  Variations 609 

22.  For  reducing  the  Moon's  Declination 611 

23.  Acceleration 613 

24.  Retardation   613 

w26.   For  finding  the  Equation  of  Second  Differences.  •  614 


CONTBNT8. 


TABLE 


PAAI 


riALBS 

or 
CERTAIN     ^ 

PH£NOM£NA. 


26.  Apparent  Time  of  the  Sun's  Rising  and  Setting. .  615 

27.  Approximate  Apparent  Times  of  the  Meridian 

Passages  of  the  principal  Fixed  Stars 618 

27a.  Correction  of  the  Times  in  Table  27 619 

28.  Correction  of  the  Time  of  the  Moon's  Meridian 

Passage    619 

29.  Hoar-angle  and  Altitude  of  a  Body  upon  the  Prime 

Vertical    620 


Al/flTUDE. 


30.  Apparent  Dip  of  the  Sea  Horizon   625 

31.  Mean  Astronomical  Refraction    625 

32.  Correction  of  the  Mean  Refraction  for  the  Height 

of  the  Thermometer 626 

33.  Correction  of  the  Mean  Refraction  for  the  Height 

of  the  Barometer 627 

34.  The  Sun's  Parallax  in  Altitude,  and  Semidiameter  627 

35.  Dip  of  the  Shore  Horizon 627 

36.  Corresponding  Thermometers 628 

37.  Corresponding  French  and  English  Measures  .  . .   628 

38.  Corrections  of  Altitude  of  the  Sun  and  Stars  ....  629 

39.  Correction  of  the  Moon*s  apparent  Altitude 630 

40.  Corresponding  Horizontal  Parallax  and  Semidia- 

meter of  the  Moon 639 

41.  Correction  of  the  Moon  s  Equatorial  Parallax  for 

the  Figure  of  the  Earth 639 

42.  Augmentation  of  the  Moon's  Semidiameter 639 

43.  Correction  for  reducing  the  true  Altitude  of  tlie 

Sun  or  a  Star  to  the  apparent  Altitude 640 

44.  Correction  for  reducing  the  true  Altitude  of  the 

Moon  to  the  apparent  Altitude 640 

45.  Parallax  in  Altitude  of  a  Planet 640 


I 


46.   Azimuth  and  corresponding  change  of  Altitude  in 

One  Minute  of  Time 641 


3LXU 


CONTENTS. 


lATTTUDE: 


TABLB 


47.  Limits  of  the  Reduction  to  the  Meridian  at  Sea. .  642 

48.  Value  of  the  Reduction  at  which  the  Second  Re- 

duction amounts  to  1' 642 

49.  For  computing  the  Reduction  to  the  Meridian  in 

Seconds   643 

50.  For  computing  the  Second  Reduction  in  Seconds    645 

51.  Correction  of  the  Altitude  of  the  Pole  Star 646 

L52.   Reduction  of  Latitude 647 


IX)NGrrUDE. 


53.  Correction  of  the  Lunar  Distance  for  the  Con- 

traction of  the  Vertical  Semidiameter 647 

54.  Error  of  Observation  arising  from  an  Error  of  the 

Parallelism  of  the  Line  of  Sight 647 

55.  For  correcting  the  Lunar  Distance  for  the  Sphe- 

roidal Figure  of  the  Earth 647 

56.  For  -computing  the  Meon  s  Second  Correction  of 

Distance 648 

57.  Correction  of  the  Greenwich  Mean  Time  for  the 

Second  Difference  of  the  Lunar  Distance  ....  649 

58.  Error  of  the  Ship's  Place  in  Nautical  Miles,  and 

of  the  Longitude  in  Time,  corresponding  to 
^  an  Error  of  V  in  the  Lunar  Distance 649 


VARIATION 

OT  THB 

COMPASS. 


59.    Amplitudes 650 

59a.   Correction  of  the   Amplitude  observed   on  the 

Horizon,  for  the  Effect  of  Refi'action    660 


TO  SUPPLY 

TRB 

PLACE 

or  TBB 

NAUTICAL 
ALMANAC. 


60.  Declination  of  the  Sun 652 

60a.  Correction  of  the  Sun's  Declination    654 

61.  Right  Ascension  of  the  Sun 655 

62.  The  Equation  of  Time 657 

63.  Mean  Places  of  Stars 659 


CONTENTS. 


XXUl 


TABLE 


PAOB 


LOGARITHMS.  ( 


pS4.  Logarithms  of  Namben 660 

65.  Log.  Sines,  Cosines,  Tangents,  &c.  to  Quarter 

Points 679 

66.  Log.  Sines  of  small  Arcs  to  each  Second 680 

67.  Log.  Sines  of  small  Arcs  to  Ten  Seconds 689 

68.  Log.  Sines,  Cosines,  Tangents,  Cotangents,  Se* 

cants,  and  Cosecants 692 

69.  Logarithm  of  the  Square  of  the  Sine  of  Half  the 
Arc 782 

70.  Logarithms  for  computing  the  Reduction  to  the 

Meridian,  at  Sea 847 

71.  Logarithms  for  computing  the  Correction  of  the 

Latitude  by  Account 851 

72.  Logarithms  for  computing  the  Equation  of  Equal 

Altitudes 853 

73.  The  Logarithmic  Difference 854 

74.  Proportional  Logarithms 863 


Appbndix 


878 


Index  to  the  Maritime  Positions • 879 

Gbnkbal  Indee 903 


I 


INTRODUCTION. 


!.  Fractions.  II.  Proportion.  III.  Looarithms.  IV.  Prao 
TiCAL  Gbometrt.  V.  Raisinq  thb  Trigonombtrioal  Canon 
VI.  MsTHODs  OP  Solution. 

1.   Vulgar  Fractions, 

1 .  A  number  which  is  a  portion  of  1 ,  or  unity,  is  properly  called 
2L  fraction;  thus,  if  we  divide  a  foot  into  3  equal  parts,  each  of  such 
l>arts  is  the  fraction  called  a  thirds  and  written  ^. 

These  numbers  arise,  in  arithmetical  operations,  in  division,  when 
the  dividend  is  not  divisible  by  the  divisor  in  whole  numbers,  or,  as 
they  are  called,  integers;  thus,  if  we  divide  10  feet  into  3  equal 
parts,  each  will  measure  3  ft.  and  one-third,  or  10  divided  by  3  gives 
the  quotient  3,  and  1  over — that  is,  1  not  divided  like  the  rest;  but 
proceeding  now  to  divide  this  1  by  3,  we  call  the  result  or  quotient  \ ; 
that  is,  1  divided  hy  3. 

2.  If  we  divide  1  into  four  equal  parts,  each  is  one-fourth^  written 
\ ;  if  into  5  equal  parts,  each  is  one-fifth^  written  I :  thus,  the  name 
of  the  fraction  is  that  of  the  number  y  parts  into  which  the  unity  or 
entire  quantity  is  divided;  and  this  number  is  hence  called  the 
denominator  of  the  fraction. 

3.  If  we  take  two  of  three  equal  parts  of  subdivision,  or  two- 
thirds,  we  write  § ;  if  we  take  thre^  of  four  equal  subdivisions,  we 
write  I ;  if  we  take  three  of  seven  equal  subdivisions,  we  write  4 ;  ftnd 
<io  on  :  the  number  2,  3,  in  these  examples,  which  shews  or  enume- 
rates the  number  of  fractional  parts  taken,  is  hence  called  the 
numerator. 

The  term  fraction  is  thus  used  to  denote  not  only  one  part  or 
subdivision,  but  any  number  of  such. 

4.  In  enumerating  fractional  parts  we  may  go  on,  for  example,  ^, 
f ,  1^,  J,  ^,  ^,  J,  &c.  Here  ^  represents  the  whole,  or  entire  quantity, 
since  it  enumerates  as  many  parts  as  the  whole  is  divided  into  ;  the 
fractions  (so  called)  beyond  this,  as  ^,  J,  are  all  greater  than  1,  and 
are  termed  mixed  or  improper  fractions 

5.  The  fractions  to  the  left  of  f  are  less  than  1 ,  and  are  jrropet 
fractions ;  hence,  when  the  numerator  is  less  than  the  denominator, 
the  fraction  is  less  than  1;  when  equal,  the  fraction  represents  1  ;  and 
when  greater,  it  is  greater  than  1,  and  is  capable  of  being  resolved 
into  a  whole  niini])er  with  or  without  a  fraction. 

li 
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Hence  also,  the  greater  the  denominator  the  smaller  the  fraction, 
and  the  smaller  the  denominator  the  larger  the  fraction. 

6.  If  we  take  a  line  AB,  and  divide  it  into  3  equal  parts  bj  the 
points  K,  l;  and  another  line  BC  equal  to  it,  and  divided  similarly 
at  My  N,  then  Al  is  f  of  AB,  or  of  1. 


K  L  M  N 

Then  the  parts  being  all  equal,  Ak  and  kl,  are  equal  to  lB  and 
Bm,  and  these  to  mn  and  nC;  therefore  Ak  and  kl  are  |  of  AC^  that 
is,  of  2.  Hence  Al  is  f  of  1,  and  ^  of  2 ;  or,  ^  of  2,  and  {  of  1  are 
the  same  thing.  If  AB  is  1  yard,  it  is  evident  at  once,  since  2  fit.  or 
f  of  1  yard  are  -J  of  6  feet,  or  2  ^ards. 

7.  The  value  of  a  fraction  is  not  changed  by  multiplying  the 
numerator  and  denominator  by  the  same  number. 

The  term  one-half  is  equivalent  to  two-quarters,  to  four-eighths, 
and  so  on ;  that  is  -1^,  f ,  |,  &c.  are  all  equal ;  since  it  is  evident  that 
the  result  is  the  same  if  we  divide  the  whole  into  twice  the  number 
of  parts,  and  take  twice  the  number,  or  into  3  times  the  number  of 
parts,  and  take  3  times  as  many  of  them.  The  above  fractions  are  ^, 
the  numerator  and  denominator  being  both  multiplied  successively 
by  2. 

Again,  take  f,  multiply  both  numerator  and  denominator  by  3, 
it  becomes  -^g^ :  if  now  we  take  a  line  and  divide  it  into  6  equal  parts, 
and  16  equal  parts,  it  will  be  the  same  thing  whether  we  take  two  of 
the  larger  parts,  or  six  of  the  smaller,  which  are  ^  the  size. 

8.  The  value  of  a  fraction  is  not  changed  by  aividing  the  nume- 
rator and  denominator  by  the  same  number.  This  appears  in  exactly 
the  same  way  as  the  above,  in  any  case ;  thus,  -^,  dividing  both  nu^ 
merator  and  denominator  by  3,  gives  f .  The  process  is  equivalent 
to  dividing  the  imit  into  larger  portions,  and  taking  fewer  of  them  in 
proportion. 

Fractions  are  thus  often  simplified  :  example,  -^^  is  evidently  re- 
ducible to  ^  ;  -jS^  to  fj.* 

*  A  flractioii  is  ledaoed  to  its  simplest  terms  by  finding  their  greatett  common  meamre, 
that  is,  the  largest  number  which  will  divide  them  both  without  a  remainder.  To  find  thc^ 
greatest  common  measure  of  two  numbers, 

Divide  the  greater  by  the  less.  Consider  the  remainder  as  a  new  divisor  to  the  former 
divisor  as  a  dividend,  and  find  the  next  remainder.  Consider  the  last  remainder  as  a  new 
divisor,  and  find  the  next  remainder,  and  so  on.    The  last  divisor  is  the  number  required. 

If  the  last  divisor  is  1,  the  numbers  have  no  common  measure  but  1,  that  is,  are  not 
ftirther  reducible. 


Ex.  1.     Find  the  greatest  common  mea- 
sure of  24  and  124. 

a4)i24<5 

lOO 

Ans.      4.  o 


£x.  2.    Find  the  greatest  common  mea- 
sure of  48  and  II. 

11)48(4 
44 
4)11(2 
_8 

3)4(« 

i 

Ans.         X 
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[1.]  Reducikm.  to  a  Cbmmon  Denomimtiton 


9.  Suppose  it  is  required  to  add  together  f  and  f ;  if  we  could  at 
once  express  thirds  in  fifths^  or  fifths  in  thirds,  we  should  then  merely 
enumerate  the  number  of  parts ;  but  as  one  of  these  fractions  is  no 
exact  number  of  times  greater  than  the  other,  (as  may  be  seen  by 
dividing  a  line  into  6  parts  and  3  parts),  we  cannot  do  this.  But  by 
multiplying  the  numerator  and  denominator  of  one  by  some  number, 
and  of  the  other  by  some  other  number,  (which  leaves  the  fractions 
unchanged  in  value.  No.  6)  we  may  select  such  multipliers  as  will 
produce  the  same  number  in  the  denominator;  thus,  multiplying  the 
numerator  and  denominator  of  f  by  5,  gives  4^,  and  multiplying 
the  numerator  and  denominator  of  |  by  3  gives  ^^  and  the  fractious 
I  and  ^  are  thus  reduced  to  15ths. 

Again,  to  reduce  -^  and  -^  to  tne  same  denominator,  multiply 
the  numerator  and  denominator  of  ^^  by  11,  which  gives  j^^^,  and  -^^ 
by  12,  which  gives  ^^.  These  reductions  are  effected  by  multiplying 
each  numerator  by  the  other  denominator,  and  the  two  denominators 
together ;  and  the  same  applies  to  three  or  more  fractions  taken  in 
succession.     Hence  the 

Rule :  Multiply  the  numerator  of  each  fraction  by  every  deno- 
minator, except  Its  own,  for  the  new  numerator,  and  multiply  all  the 
di  nominators  together  for  the  new  denominator. 

3   >S         7         3x15x7' jxi5X7'3xi5X7'      3'5  3'5  3>5 

wf  %         7         17  X 1 X  7'  17  X  2  X  7   17  X  »  X  7'      ajg'  238'  %^$ 

Bz.  9.    Rednoe  -,  -«-,  and  -.       — ,  -^  3 — ^ 

5  12         7        410  420  4ao 

10.  The  process  of  reduction  to  a  common  denominator  is  often 
necessary  in  the  comparison  of  two  firactions,  to  find  which  of  the  two 
is  the  greater ;  thus^  to  compare  -^  and  ^^  these  become  ^^  and  ^^: 
hence  -^^  is  the  greater. 

11.  Whole  numbers  are  written  in  the  fractional  form  by  em« 
ploying  1  as  the  denominator ;  thus  3  is  written  |,  the  1  is  in  the 
place  of  the  unit  divided  into  1  part  (No.  2),  that  is,  left  entire,  and 
the  3  denotes  that  3  such  parts  are  taken  (No.  3). 

12.  By  means  of  this  last  notation  whole  numbers  are  reduced  to 
fractions  with  the  same  denominator,  by  the  rule  No.  9.  Thus  1 1  and 
i,  or  y  and  ^  become  V  *^d  i. 

[2.]  AddUion. 

13.  Beduce  the  fractions  to  a  common  denominator,  add  the  nurae> 
rators  (No.  9),  and  under  the  sum  place  the  common  denominator. 

Ex.  I.    Add  together -^  and  !^    TiMwbeoMne -^^^  »-2.  and  HIZ  »  Hjttesum 
•  17        I  17  X  3      51'        3  X 17      51 ' 

of  Wllicb'H  ^. 

5« 
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Ea.  2.     Add  together  -,  -,  and  -.    Ant.  ^ 

«.«      Ajj8»       -3         .        7810         81 

Ex.  3.    Add  — ,  -,  and  -=-.    Ans. —  i . 

10  7  100  7000         700 

Ex.4.    Add -^,  ~.  aud  i.     Ana.  ^  =  -^. 
10   16  3  480       iio 

[3.]  S&btraetUm. 

14.  Rule  :  Reduce  the  fractions  to  a  common  denominator,  and 
c^ibtract  the  lesser  numerator  from  the  greater  for  a  numerator. 
Thus,  suppose  it  required  to  subtract  ^  from  j^,  these  become  -^  and 
3*5,  and  /^  from -^leaves  j»|y,  the  remainder  required. 

Hence  it  appears  that  the  difference  between  •}  part  and  ^  part 
w  zG  of  the  whole. 

%  %  IC  LL 

Ex.  1.    Find  the  differenoe  between  -  and  -•     Theae  become  -^  and  -2,  the  difTerenr) 

7         5  35         35 

of  which  ia  — . 
35 

t  %  cc 

Ex.  2.    Subtract  —  from  — ^.    Ana.  -^. 

33  "  363 

Ex.  3.     Subtract  —  from  — *    Ans.  7^  -  i;-. 

13  5  65         6s 

[4.]  JdulHplicatiotu 

Jo.  To  multiply  a  fraction  by  a  whole  number  is  to  repeat  the 
fraction  a  given  number  of  times ;  that  is,  to  multiply  -^  by  3,  or  to 
take  ^  three  times,  gives  ^.  Hence  to  multiply  a  fraction  by  a  whole 
number  is  to  multiply  the  numerator. 

Hence  a  number  multiplied  by  a  (proper)  fraction  is  diminished; 
thus,  3  multiplied  by  ^,  which  is  ^,  is  less  than  3. 

16.  To  multiply  a  fraction  by  a  fraction,  as  for  example  f  by  |. 
Since  f  is  the  same  as  twice  one-fifth,  we  have  to  take  }  of  ^,  and 
double  the  result. 

To  take  .V  of  4  is  to  divide  ^  into  5  parts  and  take  one  of  them , 
now  }  is  3  X  ^  (by  No.  6),  and  dividing  -f  into  5  equal  parts  gives 
-^,  since  5  such  parts  repeated  7  times  make  up  1.  Hence  3  of 
these  parts  (or  ^  divided  into  5  parts)  is  3^,  which  is  therefore  ^  of  4- 
and  ^  doubled,  or  VV'^^  i  ^^^' 

Now,  the  numerator  6  is  the  product  of  the  two  given  numerators, 
2  and  3  (as  appears  by  the  process) ;  and  th6  denominator  35  is  the 
product  of  the  denommators  7  and  5.  If  we  had  to  multiply  this  re- 
sult by  a  third  fraction,  the  process  would  be  the  same ;  hence  the 

Rule.  Multiply  all  the  numerators  together  for  a  new  numerator 
and  all  the  denominators  for  a  new  denominator. 

la  o  la  fx        2  6a 

Ex.  1.     Multiply  — ,  -,  and  -•    Ans. .  Ex.  2.     Multiply  |-,  by  -*    Ana. 

*^ '  3  5  7  >o5  ^  63'    '  7  441 

Ex.  3.     Multiply  —p,  -,  and  -*    Ana.  -^-^. 
'      16  3  5  240 

17.  If  we  multiply  f  by  itself,  we  have  J,  this  again  by  |  gives  ^; 
now  J^  differs  little  from  /„,  and  ^  is  equal  to  ^,  which  is  very 
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much  less  than  |.     Again,  \  multiplied  by  itself  is  |^,  and  this 
multiplied  again  by  i  is  ^^. 

Hence  a  proper  fraction  is  diminished  by  continually  multiplying 
it  by  itself. 

[5.]  JHmioH, 

18.  To  divide  a  fraction,  as  -J,  by  a  whole  number,  as  4,  is  to  find 
a  new  fraction  which,  repeated  4  times,  shall  produce  -^ :  that  is,  we 
have  to  divide  a  third  into  4  equal  parts. 

It  will  be  at  once  seen,  on  dividing  a  line  into  3  equal  parts,  that 
to  divide  each  third  into  4  equal  parts,  is  to  divide  the  whole  line 
into  12  equal  parts,  and  since  4  of  such  parts,  or  twelfths,  constitute  a 
third,  j^  is  the  required  fraction.  Hence,  as  similar  reasoning 
applies  to  any  other  fraction  or  whole  number,  the  most  general  rule 
for  dividing  a  fraction  by  a  whole  number  is  to  multiply  the  denomi- 
nator bv  the  given  whole  number;  but  if  the  numerator  be  a  multiple 
of  the  divisor,  it  is  better  to  divide  the  numerator  as  it  leaves  the 
result  in  a  more  reduced  state. 

19.  To  divide  a  whole  number,  as  3,  by  a  fraction,  as  ^. 
Dividing  3  by  1,  that  is,  finding  how  often  1  is  contained  in  3,  gives 
3.  Now,  it  is  easily  seen,  since  -^  is  4  times  smaller  than  1,  that  it 
mast  be  contained  in  3,  four  times  oftener,  that  is  12  times ;  and 
)2  is  the  product  of  3  by  the  denominator  4. 

To  divide  3  by  f .  Since  f  is  twice  f,  we  have  to  divide  3  by 
j,  and  take  half  the  quotient;  and  we  know  that  to  divide  by  the 
product  of  two  numbers,  2  x  ^,  is  the  same  thing  as  to  divide  by  them 
separately,  that  is,  3  divided  by  f  is  3  multiplied  by  6  (Ko.  lo),  and 
divided  by  2 ;  or  3-f-f  is  the  same  as  3  x  ^,  or  Y* 

Here  f  is  the  fraction  ^  inverted. 

As  similar  reasoning  applies  to  any  numbers  and  fractions,  we 
have  the 

Rale.  To  divide  by  a  fraction,  invert  the  fractional  divisor,  and 
proceed  as  in  multiplication. 

20.  To  divide  a  fraction  by  a  fraction.  We  have  evidently  to 
treat  the  dividend  as  a  whole  number,  and  apply  to  the  divisor  the 
rale  above. 

Bz.1.    Dinde-^by^    JLxi-"-I  Ez.2.    Diyidelby-.     Aas.  ^. 

ia'3112248  45  S 

Ex.3.    Divide  -  by -2-.    Ana.  |^. 

Hence  it  appears  that  the  smaller  the  fraction?  ^  divisor  the 
greater  is  the  quotient. 

21.  When  a  quantity  is  both  multiplied  and  divi.ed  by  the  same 
number,  it  remains  unchanged.  Hence  when  t\e  same  number 
occurs  in  the  numerator  and  denominator  of  a  fira  jtion,  or  of  two  or 
more  fractions  multiplied  together,  we  simply  omit  or  erase  it ;  as, 

1x2  141  41741111  ^i 

%  433  76     16     ]6    646    24'  6 
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II«  Decimal  Fractions* 


22.  Tenths,  hundredths  (which  are  tenths  of  tenths),  and  so  on, 
are  called  Decimal  Fractions^  and  may  be  written  as  fractions, 
haying  for  denominators  10,  100,  &c.,  thus,  one-tenth,  ^j^ ;  three 
hundredths,  j-^,  &c.  But  as  these  quantities  are  counted  by  tens^ 
like  common  njumbers,  it  is  simpler  and  more  concise  to  write  them 
in  continuation  with  the  common  numbers,  only  taking  care  to  put  a 
dot,  called  the  decimal  pointy  where  the  whole  number  ends  and  the 
fraction  begins ;  that  is,  between  the  unit  and  the  tenth  :  thus,  21*32 
signifies  21  and  3-tenths  and  2-hundredths ;  432*9  signifies  432  and 
9-tenths  ;  33*05  signifies  33,  no  tenths,  5'hundredths. 

23.  In  the  fractional  part  beyond  the  dot,  each  figure  may  be  read 
in  its  separate  denomination,  or  the  whole  may  be  read  in  the  deno* 
mination  of  the  last:  thus,  *32  is  read  either  as  3-tenths  and  2  hun- 
dredths, or  as  32-hundredths ;  just  as  32  is  read  either  as  3  tens  and 
2  units,  or  as  32  units. 

24.  As  *5,  (or  5-tenths)  is  the  half  of  1,  so  *06  is  the  half  of  0*1,  or  5 
hundredth-parts  are  the  half  of  one-tenth ;  5  thousandth-parts  are 
the  half  of  a  hundredth-part.  The  half  of  5  tenths  is  2  tenths  and 
half  a  tenth,  that  is,  2  tenths  and  5  hundredths,  or  0*25.  Hence  the 
fractions,  quarter^  halfy  and  three-quarters  are  written  in  decimals, 
0*25,  0*6,  and  0*76.  ♦ 

All  the  preceding  rules  apply  equally  to  decimal  fractions ;  but 
as  these  last,  from  their  denommators  bemg  multiplied  by  10,  are  of 
a  uniform  kind,  special  rules  haye  been  made  for  them,  relating, 
howeyer,  almost  entirely  to  the  placing  of  the  decimal  point. 

[1.]  Addition  tmd  Subtraetiwiu 

26.  Place  the  quantities  so  that  their  decimal  points  shall  be  in 
the  same  yertical  Ime;  for  then  the  quantities  of  the  same  denomina- 
tion will  stand  together. 

Then  proceed  as  in  the  addition  or  subtraction  of  whole  numbers. 

Ex.  3.    From  31*8  subtract  11*62. 


Ex.  1.    Add  togeUier  0*35,  47*4,  and 
9*12. 

0-35 

47*4 
9*12 

Sum  56*87 

Ex.  2.     Add  together  72*99,  4*1,  and 
$*-3i. 

7»'99 
I  4-1 

Sum  129*40 

[2.]  iftt/^/icolum. 


318 
11*62 

Rem.  20*18 

Ex.  4.     From  423*5  aubCract  97*9* 

4*3*5 

97-9 

Rem.  325*6 


26.  Multiply  the  numbers  together  as  whole  numbers,  and  point 
off  as  many  decimal  places  in  the  product  (beginning  at  the  right)  as 
there  are  decimal  places  in  the  multiplier  and  multiplicand  together. 


IfKACUOKS. 


When  tlie  decimal  places  to  be  pointed  off  arc  more  in  number 
than  the  figures  of  the  product,  make  up  the  proper  number  by 
prefixing  cipliers  to  the  product. 


Ex.  1.    Multiply  34*11  by  372. 

34*" 
3 '7* 


Ex.  2.    Multiply  *ioi  by  *o6. 

•aoi 
■06 

Ans.     *ox2o6 

The  product  of  201  bj  6  is  iao6 ;  in  *soa 
are  three  dedmals,  in  "oo  are  two ;  to  make 
np  five  dedmala,  a  cipher  is  prefixed  to 
1206. 


6822 

23877 
10233 

Ana.     126*8892 

In  34*11  are  two  decimals;  in  3*72  are 
tiro  i  tbinefore  four  decimal  places  are  pointed 
cff. 

Bx.  3.    Multiply  90*01  by  0.034.    Ans.  3*06034. 

Ex.  4.    Multiply  together  1*31  1*2,  and  0*09.     Ans.  0*1404. 

[3.]  Dhuion, 

27.  Divide  as  in  whole  numbers.  The  rule  for  placing  the  deoi- 
nial  point  is,  that  the  quotient  and  divisor  together  must  contain  as 
many  decimals  as  the  dividend.* 


Ex.  3.    Divide  2*392  by  4*6. 

4-6)2*392(52 
230 

92 
92 

Here  2*392  contains  three  decimals,  end 
4*6  one,  the  remaining  two  required  must 
therefore  be  obtained  by  pointing  off  l>otb 
figures  of  52  thusi  '52. 

Ex.  4.     Divide  338*4  by  9*4. 

9*4)338*4(3« 
282 

564 
564 

Here  the  dividend  has  one  dcdmali  and 
the  divisor  also  one,  or  as  many,  and  the 
quotient  is  therefore  an  integer. 

28.  When  the  dividend  has  no  decimals,  ciphers  must  be  annexed, 
preceded  by  the  decimal  point. 

Ex.  2.  Divide  132  by  0*7. 

Annexing  five  ciphers  (decimals)  gives 
quotient  188 57 14.  Then  the  number  whidi 
added  to  one  decimal  in  0*7  to  make  up  five, 
is  four.    Ans.  188*5714. 

29.  AVhen  the  number  of  figures  in  the  quotient  is  not  sufficient 
to  make  up  the  required  number  of  decimals,  ciphers  must  be  pre« 
fixed. 


Ex.  1.    Divide  17*34  by  3*4. 

3"4)i7"34(5i 
170 

"li 
34 

Here  17*34  contains  two  decimalsi  3*4 
ooDftains  only  one;  therefore  51  must  contain 
the  remaining  one  requiredi  and  be  written 

Si.  2.    Divide  541-2  by  66. 

66)541-2(82 
528 

132 
132 

Here  541  *2  contains  one  decimal,  66  none; 
heaee  82  must  contain  one,  and  be  written  8-2. 


Ex.  1.    Divide  19  by  '04. 

^mu^x'mfr  two  dphers  to  19,  gives  the 
complete  quotient  475. 


*  It  is  always  easy  to  verify  the  quotient,  since  multiplying  it  by  the  divisor  should  re- 
produce the  dividend:  thus,  in  Ex.  1,  5  1  x3*4  gives  (by  No.  26)  17*34.  The  learner 
should  also  exercise  his  common  lense  on  the  results  as  a  security  against  gross  mistakes  | 
thiu,  17-34  divided  by  3-4  will  be  near  17  divided  by  8;  that  is,  less  than  6  (as  5  1  is). 
Agttio,  2-392  divided  l^  4-6,  is  not  far  fron.  2  divided  by  4,  or  a  half  (which  is  nearly  -52). 
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Ex.  2.     Divide  2-392  by  46. 

Here  2*392  contains  three  decimals,  aaJ 
46  none;  tiie  quotient  (52)  must  contain 
three,  and  becomes  0*052. 


£x.  I.    DiTide -i734by  3*4. 

Here  '1734  contains  four  decimals,  and 
3*4  one;  the  quotient  51  (Ex.  x,  aboye) 
contains  only  two  figures,  and  three  are  re- 
quired ;  hence  51  must  be  written  0*051. 

Ex.  3.     Divide  27*9  by  0*02.     Annexing  one  cipher,  the  quotient  is  1395. 

Ex.  4.    Divide  0*0296  by  5*2.     Annexing  two  ciphers  gives  quotient  569,  which  is  0*00569, 
since  the  five  in  this  added  to  one  in  5*2  make  up  six. 

30.  The  division  may  always  be  carried  to  any  degree  of  aecaracy 
jy  annexing  ciphers  to^he  dividend,  as  is  seen  in  Ex.  2,  No.  28. 

31 .  The  decimal  point  may  be  removed  altogether  from  both  tlie 
divisor  and  dividend,  by  continually  multiplying  each  by  10 ;  for  the 
uuotient  will  thus  remain  unaltered,  No.  7.  The  first  decimal  in 
the  quotient  will  then  appear  only  with  the  first  cipher  annexed  to 
carry  on  the  division. 

Ex.    Divide  27*9  by  0*02.    Multiplied  by  xo  they  become  279  and  0*2 ;  multiplied  agair 
'JuBf  become  2790  and  2,  the  quotient  of  whidi  is  1 395. 

This  easy  process  furnishes  a  complete  security  against  wrongly 
placing  the  decimal  point  in  the  quotient. 

[4.]  Reduction. 

32.  The  great  convenience  of  decimals  makes  it  oflten  desirable 
to  reduce  vulgar  fractions  to  the  decimal  form. 

To  reduce  a  Vulgar  Fraction  to  a  Decimal  Fraction. 
Divide  the  numerator  by  the  denominator,  adding  ciphers  as 
jequired.        The  quotient  is  the  decimal  required. 

Ex.  1.     Reduce  -  to  a  decimal  fraction.    Dividing  xo  by  5  (the  dphei  bdng  added)  we 

find  -  is  0*2. 
5 

Ex.  2.    Reduce  -  to  a  decimal  fraction.    Dividing  10  by  3  gives  3 ;  the  next  cipher 

3 
added  gives  another  3,  and  so  on  continu:Jly.    The  fraction  required  is  therefore  0*333,  ^* 

Ex.  3.     Find  what  decimal  of  i  (nautical)  mile  is  700  feet 

There  are  6080  feet,  nearly,  in  x  such  mile ;  hence  i  foot  is  ^-r-  of  i  mile,  and  700  feet 

700  WV/OO 

are  T^r-  of  1  mile,  which  giyes  o*  1 15  of  i  mile,  nearly. 
6080 

Ex.  4.     Find  what  decimal  of  i  muiute  is  42  seconds. 

I  42 

I  second  is  7-  of* i  minute,  hence  42  seconds  are  ~-  or  0*7  of  a  minute ;  or,  as  it  may  be 

written,  o"»*7. 

Ex.  5.    Find  what  decimal  of  i  foot  is  8'  inches. 

•»  3  ^  1 

First,  -  is  0*75  of  i  inch,  hence  8^  inches  are  8*75  inches.    Then,  i  incli  is  —  of  i  foot, 
4  g...  4  12 

hence  8-75  inches  are  — ^,  or  0*729,  of  i  foot 

Ex.  6.    Fi:id  what  dedmal  of  i  degree  is  8'  37". 

17"  are  1^  of  i',  or  o*6i  of  i' ;  then  i'  is  ~  of  1® ;  hence  8'-6i  are  -7 —  of  1°,  or  o®*i4t. 
*'  60  00  00 

Ex.  7.     Fmd  what  decimal  of  i  day  is  3'*  42". 

A9.  I  1*7 

42*"  are  7-  of  i**,  or  o'*.7 ;  and   1*  is  —  of  i  day  5  hence  $^'7  ia  =-i-  of  i  day,  or 
60  •4  *4 

01'*  I  $4 166,  0tc 
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33.  Or,  reduce  the  giyen  quantity  to  the  lowest  of  its  denominations 
when  there  arc  more  than  one,  and  also  the  integer  to  which  it  is 
referred,  to  the  same  denomination ;  then  divide  the  given  quantity 
by  the  integer  thus  reduced. 

Ex.  1.     (Ex.  3,  above.)    The  given  quantity,  700  feet,  bong  all  in  one  denomination, 
requires  no  further  redaction. 
The  integer  1  mile,  reduced  to  the  same  denomination,  is  6080  feet ;  then  700  divided 
by  60S0  gives  o*  1 15. 

Ex.  2.    (Ex.  5,  above.)    8  inches  and  3  quarters  are  35  quarters ;  and  x  foot  reduced  to  tbs 
same  denomination,  is  48  quarters ;  then  35  divided  by  48  gives  0*729. 

34.  To  reduce  a  Decimal  Fraction  to  a  Vulgar  Fraction. 

Note  the  number  of  parts  which  the  unit  or  integer  of  the  given 
quantitv  contains  of  the  next  inferior  denomination,  and  multiply  the 
given  decimal  by  this  number ;  the  product  is  the  given  quantity 
expressed  in  that  denomination. 

If  this  product  have  a  decimal  part,  multiply  this  decimal  by  the 
number  of  parts  which  the  uuit  of  the  present  denomination  contains 
of  the.next  inferior  denomination  to  that  just  before  employed:  this 
product  is  the  quantity  which  the  given  decimal  contains  of  that  iter< 
aawmination. 

Proceed  (if  there  still  be  decimals),  in  like  manner,  to  the  lowest 
denomination  in  which  the  decimal  is  required  to  be  expressed. 

Bi.  1.    Find  the  number  of  feet  in  o-ii5  of  i  mile. 

The  next  inferior  denomination  to  that  of  miks  \           ^g| 
is  here  feet,  of  which  the  number  in  i  mile  is  )  * 

Ans.  (in  the  lowest  denomination  required)    699*4  fset 

Si.  2.     Find  the  number  of  seconds  in  0*7  of  i  minute. 

ITie  next  inferior  denomination  to  tliat  of  minutes  ^  i 

is  seconds,  of  which  the  number  in  1  minute  is  j 

Ans.  42*0  seconds. 

8*     Find  the  number  of  inches  and  eighths  in  0*48  of  i  foot. 

Hie  next  inferior  denomination   to  that  of  feet^           ^'^ 
is  inches,  of  which  the  number  in  i  foot  is/ 

The  next  proposed  inferior  denomination  to  inches )   .        ^  ^^  inciieB. 

is  eighths,  of  which  the  number  in  i  indi  is)  ^^ 

6  6'o8  eighths. 

Ans.  5  inches  and  6*o8  eighth*,  or  -  nearly. 

A«     Find  the  number  of  minutes  and  seconds  in  o°*734. 

The  next  inferior  denomination  to  that  of  degrees)         ^"^^to 
is  minutes,  of  which  the  number  in  i^  is/ *-. 22 

Hie  next  inferior  denomination  to  minutes)  ^'^^^^ 

is  seconds,  of  wliidi  the  number  in  i'  is )  

Ans.  44'  »"-4.  a-4oo 

ft*     Find  die  number  of  hours  and  minutes  in  0*37  of  a  day. 

The  next  inferior  denomination  to  days  is)           ^*" 
hours,  of  which  the  number  in  i  d.  is  24  j  i^ 

The  next  faiferior  denomination  to  hours  is)  '*^|  ^*^' 

uimites,  of  which  the  number  in  i^is6o/ ..  ^° 

Asi.  8^  5iB*8.  52*80  minutes. 
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36.  When  we  propose  to  use  the  nearest  whole  number,  rejecting 
the  decimals,  if  the  decimal  is  less  than  *6,  we  omit  it,  if  greater  than 
*5,  we  count  it  as  a  unit.  For  example,  if  we  propose  to  take  31*3 
as  a  whole  number,  we  call  it  31 ;  if  we  propose  to  take  31*7  as  a 
7/hole  number,  we  call  it  32.  The  reason  is,  obviously,  that  31-3  is 
nearer  to  31  than  it  is  to  32,  whereas  31*7  is  nearer  to  32  than  it  is 
to  31. 

In  like  manner,  we  may  abridge  the  decimals  themselves  when 
accuracy  is  not  required :  thus,  for  ex.  1.1*567  may,  when  two  places 
only  are  required,  be  written  11'57,  or  when  one  place  only,  lr6.* 


II.  Proportion. 


36.  By  the  term  ratio  we  commonly  understand  the  relative 
mangnitude  or  quantity  of  two  things  of  the  same  kin<i ;  thus,  when 
we  speak  of  the  ratio  of  two  numbers,  12  and  4,  we  mean  their 
relative  magnitude,  or  the  result  of  comparing  them  together  in 
respect  of  quantity. 

37.  The  most  distinct  and  intelligible  notion  which  we  can  form 
of  the  degree  in  which  one  quantity  or  magnitude  is  greater  than 
another,  is  the  number  of  times  one  contains  the  other;  tliat  is,  the 
quotient  of  one  by  the  other  is  the  measure  of  the  ratio.  Thus,  to 
compare  12  and  4,  we  find  that  12  contains  4  three  times,  or  the 
quotient  *^,  or  the  number  3,.is  the  measure  of  the  ratio  of  12  to  4.f 

*  The  foUowing  signSi  or  symbols,  of  arithmetical  operations,  are  often  used  for 
abbreviation. 

(1.)  The  sign  + ,  caUed  j?/«f  (whidi  is  the  Latin  for  more),  signifies  additive,  or  to  be 
added, 

(2.)  The  sign  — ,  called  nUnui  (which  is  the  Latin  for  less),  signifies  tuitracthe,  or  to 
be  tubtraeted. 

Ex.     +  3  signifies  3  to  be  added;  —3  signifies  3  to  be  eubiraeied. 

(3.)  The  sign  x  Bignifies  multiplied  by, 

Gx.     7x5  signifies  7  multiplied  by  5. 

(4.)  The  sign  •¥-  signifies  divided  by.    The  operation  of  division  is  also  indicated  by 
writing  the  divisor  under  the  dividend,  wi(h  a  line  between  them. 

Ex.     14  •«-  2  signifies  14  divided  by  1 ;  which  is  as  frequenUy  denoted  thus,  — . 

(5.)  The  sign  »  signifies  equal  to  (or  amonnting  to). 
Examples  of  the  preceding,  with  the  results  in  each  case,  will  stand  thus  :— 
(1.)  14  and  3  —  17,  or  14  +  3  —  17.  (2.)  10  —  3  •  7. 

(a.)  7  «  5  -  35.  (4.)  14+  »  -  7i  or  ^  -  7- 

These  processes  appear  much  more  conspicuous  to  the  eye  than  when  written  out  in 
words  at  length. 

t  But,  iBStead  of  saying  that  the  absolute  number  3  is  the  measure  of  the  ratio  12  :  4, 
it  is  more  corract  to  say  that  the  measure  is  itself  the  ratio  of  3  :  1 ;  because,  in  all  cases  of 
measure,  we  employ  a  convenient  quantity  of  tlie  same  kind  as  a  unit,  as  I  foot,  or  I  mile, 
for  length,  1  second  for  time,  &c. ;  so  the  measure  of  ratio  ■  itself  a  ratio,  but  of  tha 
simplest  form  that  can  be  found. 
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The  ratio  or  proportion  (for  the  terms  are  often  ased  indifferently)  of 
two  numbers,  as  12  and  4,  is  written  thus,  12  :  4,  or,  as  above,  V. 

38.  Suppose  it  required  to  find  the  ratio  of  12  to  5.  12  contains 
5  more  than  twice,  but  not  three  times.  By  actual  division,  ^4  gives 
2| ;  but  this,  instead  of  being  simpler,  is  more  complex  tnan  y. 
Hence,  as  we  cannot  simplify  this  fraction  (12  and  5  having  no 
common  measure  but  1),  it  remains  as  the  measure,  or  represents  the 
ratio  of  12  :  6. 

39.  In  the  same  manner  is  represented  the  ratio  of  4  to  12,  in 
which  the  smaller  term  is  taken  first ;  for  though  4  does  not  contain 
12,  yet  it  contains  the  third  part  of  12,  so  that  there  is  still  an  exact 
relation  between  the  numbers  in  this  order :  in  other  words^  the 
ratio  of  4  to  12  is  the  same  as  the  ratio  of -|  to  1 ;  but  the  ratio  of 
^  to  1,  or  a  third  to  the  whole,  is  the  same  as  that  of  1  to  3,  since 
each  contains  the  other  three  times.  Hence,  4  :  12,  or  |^ :  1,  is  the 
same  as  1  :  3,  or  ^  the  same  as  -^,  which  is  the  measure  of  -j^. 

40.  There  is  an  employment  of  ratio  or  fractions  which  is  often 
embarrassing  to  unpractised  arithmeticians.  If  we  increase  6  to  7, 
we  add  l-sixthy  for  1  is  -^  of  6,  and  6  +  1  make  7 ;  but,  if  we  now 
diminish  7  to  6,  we  take  away  l-seventh,  for  4  of  7  is  1,  and  7—1  is  6. 
In  the  first  case,  we  take  a  fraction  of  6,  in  the  second,  a  fraction  of 
7;  and  it  is  obvious  that  the  same  quantity  cannot  be  the  same 
fraction  of  two  different  numbers.  In  like  manner  3  increased  by  -J 
of  itself  becomes  4 ;  but  to  pass  back  again  from  4  to  3,  we  must 
take  away  ^  of  4. 

41.  It  may  be  convenient  to  express  the  change  of  a  quantity  in 
any  ratio,  by  means  of  the  increase  or  diminution  it  undergoes, 
measured  by  a  fraction  of  itself. 

To  increase  a  number  in  the  ratio  of  ^.  f  is  composed  of  f  and  f , 
or  1  and  f ;  hence  the  number  is  to  be  increased  by  |  of  itself. 

To  diminish  a  number  in  the  ratio  of  ^.  f  is  equivalent  to  f, 
deducting  ^,  or  to  1^^;  hence  the  number  is  to  be  diminished  by  | 
of  itself. 

Ex.  1.  A  number  is  incresaed  In  the  ratio  of  ^— ,  by  wbat  finction  of  itodf  ii  it  incresMd  ? 

is  53' 

Answer.  •^. 
53 

Ex.  2.  A  nunber  is  diminished  in  tiie  ratio  of  ~,  by  what  fraction  of  itself  is  it  diminished? 

Answer.  •>-. 
5» 

42.  The  first  of  two  terms  taken  in  order  is  called  the  antecedent^ 
and  the  second  the  consequent :  thus,  in  12  :  4,  12  is  the  antecedent* 
and  4  the  consequent ;  in  4  :  12,  4  is  the  antecedent. 

I.  Direct  Proportion. 

43.  When  two  pairs  of  terms  occur,  each  antecedent  having  the 
same  ratio  to  its  consequent,  the  four  terms  constitute  an  analogy,  or 
proportion,  as  it  is  also  called :  thus,  18  and  6,  12  and  4,  eacn  pair 


Given  form, 

i8  :    6  ::  11  :    4 

Alternately, 

18  :  11  ::   6  :   4 

Reversing, 

6  :  18  ::   4  :  " 

Or, 

4  :  12  ::   6  :  18 
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having  for  its  measure  the  ratio  f.  form  this  proportion — 18  is  to  6 
as  12  is  to  4 ;  or,  as  it  is  written  for  abbreviation,  18  :  6  : :  12  :  4. 

The  same  is  also  written  thus:  'jP  =  ^,  and  read  ''  the  ratio  of 
18  to  6  is  equal  to  the  ratio  of  12  to  4."* 

44.  In  every  proportion  the  product  of  the  two  extreme  terms 
is  equal  to  the  product  of  the  two  mean  (or  middle)  terms :  thus,  in 
18  :  6  : :  12  :  4,  18x4  =  6x  12  =  72.t  This  property  affords  the 
test  by  which  we  learn  the  various  alterations  that  may  be  made  in 
a  proportion,  the  original  proportionality  being  still  preserved. 

45.  The  following  variations  in  the  order  of  the  four  terms  of  a 
proportion  occur  the  most  frequently  : — 

/  4  :    6  ::  12  :  18 

In  like  manner,    Lj  j  ,|  jj  'J  I   '? 

I12  :   4  ;:  18  :   6 

46.  In  a  proportion,  either  of  the  mean  terms  is  equal  to  the 
product  of  the  extremes  divided  by  the  other  mean. 

Thus  in  18  :  6  ::  II  :  4,      6  -  i— ^,  and  la  «  '  ^  ^. 

12  0 

Also,  either  of  the  extremes  is  equal  to  the  product  of  the  means 
divided  by  the  other  extreme ;  as  in 

18 : 6 ::  12 : 4,    18 ,  and  4  ».  — 5-. 

4  io 

Hence,  if  any  three  terms  of  a  proportion  be  given,  the  fourth 
may  be  found. 

47.  It  is  often  required  to  increase  or  diminish  a  quantity  in  a 
certain  rntio^  or  proportion.  For  example,  to  increase  the  number 
12  in  the  ratio  of  3  to  1,  is  to  multiply  by  3.  For  the  increased 
quantity  (which,  being  yet  unknown,  we  will  call  x)  is  to  be  to  the 
given  quantity  12,  as  3  to  1,  or  a: :  12  : :  3  :  1.  Whence  (No.  44) 
Ix:r=l2x3.  Again,  to  reduce  a  number,  as  13,  in  the  ratio  oi 
5  to  7,  is  to  multiply  it  by  6  and  then  divide  by  7,  for  the  required 
number  (x)  is  to  be  to  the  given  number  (13)  as  5  is  to  7,  whence 

13x5 

For  example,  if  certain  provisions  last  122  men  a  given  time,  it 
is  evident  that,  in  order  to  last  146  men  the  same  time,  they  must  be 
increased  in  the  ratio  of  146  :  122;  that  is,  multiplied  by  146,  and 
then  divided  by  122.  Again,  if  certain  provisions  suffice  106  men, 
and  they  are  required  to  serve  only  74  men,  they  may  be  diminished 
in  the  ratio  of  74  to  106;  that  is,  x  74-f-106. 


*  Hence  proportion  is  also  described  as  being  the  equality  of  ratio. 

t  Hence,  also,  when  the  products  of  two  pairs  of  nnmbers  are  eqnal,  the  four  numbers 
may  be  written  as  a  proportion.  Ex.  22  x  66  »  4  x  363  ;  hence  22  :  4  : 1  363  :  66.  Care 
mast  be  taken  in  the  order  of  the  terms,  which,  though  indifferpnt  in  a  product  ^  etery 
thing  in  i  proportion. 
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[1.]  Rule  qf  nree.  Direct, 

48.  ^lumerous  arithmetical  questions  occur  in  a  form  more  or 
less  like  this :  if  6  men  do  20  yards  of  work,  how  many  yards 
will  11  men  do»  in  the  same  time,  and  under  the  same  circum- 
stances.* 

(1.)  The  most  obvious  and  natural  method  of  solving  such  ques- 
tions is  the  Method  of  Unity,  Thus,  if  5  men  do  20  yards,  1 
man  alone  will  do  4  yards,  and  therefore  1 1  men  will  do  1 1  times  4 
yards. 

(2.)  The  General  Method  is  to  arrange  the  terms  in  the  manner 
of  a  proportion,  and  then  to  find  the  unknown  term  from  the  other 
three,  (No.  46).  Thus,  it  is  obvious  that  a  constant  proportion 
obtaining  between  the  men  and  their  work,  we  have 

5  men  ;  20  yards  : :  11  men  :  nomber  of  yards  required. 

This  process  is  called  the  Rule  of  Three. 

(3.)  They,  however,  who  are  practically  familiar  with  ratio,  or 
proportion,  perceive,  on  considering  the  question,  the  ratio  in  which 
one  of  the  given  terms  is  to  be  changed,  so  as  to  suit  the  conditions ; 
and  thus  the  solution  is  effected  at  a  single  step.  Thus,  in  the  above 
(luestion,  it  is  evident  that  the  given  number  of  yards,  20,  is  to  be 
Increased  in  the  ratio  of  1 1  :  6 ;  that  is,  in  exactly  the  same  ratio  as 
the  number  of  men  is  increased.  The  solution,  therefore,  is  com- 
prised in  these  figures,  20  x  V,  which  gives  44. 

49.  Various  precepts  have  been  suggested  for  ensuring  a  correct 
order  in  the  arrangement  of  the  terms,  or  the  statement  of  the 
question^  as  it  is  called  ;  and  one  of  such,  which  is  often  useful,  is  to 
consider  the  terms  given  as  standing  to  each  other  in  the  relation  of 
cause  or  agent,  and  effect  (as,  for  instance,  the  men  in  the  above 
example  and  their  work).  By  this  supposition  (vrhich,  however,  is 
arbitrary  and  unsatisfactory  enough  in  many  cases),  the  four  terms 
are  rightly  paired,  or  the  antecedents  and  consequents  rightly  taken. 
But  the  fact  is,  that  no  mechanical  rules  can  so  completely  supersede 
the  notion  of  proportionality  as  to  absolve  the  mina  from  all  neces- 
sity for  estimating  it;  and,  consequently,  the  student,  if  he  clearly 
understands  proportion,  depends  upon  it  alone;  and  if  he  does  not, 
he  cannot,  from  any  number  of  precepts,  feel  the  least  confidence  in 
the  soundness  of  his  result. 

As  a  right  apprehension  of  proportion  is  most  essential  to  every 
one  who  has  any  thing  to  do  with  calculation,  we  have,  for  the  sake 
of  exercise,  solved  several  examples  in  each  of  the  above  three  forms. 

Ex.  1.  A  stcam-YCssel  oonsnmes  13  tons  of  coal  in  i)  days ;  how  long  will  98  tons  last  ? 

(I.)  Method  of  Unity  :   13  tons  in  ifd.  or  Jd.,  is  i  ton  in  — - —  or  Ad.,  and  oS  tons  in 
'  4x13*'  "^ 

98  X  j^  or  134  days,  or  13d.  5h.  nearly. 


*  In  the  application  of  the  rules  which  follow,  the  circnmstances  are  supposed  to  remain 
the  larae,  that  is,  the  change  of  the  numbers  does  not  imply  any  other  change.  If,  for 
eiample,  the  increaaed  number  of  men  should  be  in  each  other's  way,  so  as  to  interfere  with 
their  labour,  this  must  be  made  a  separate  consideration. 
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(2.)  General  Method:  13  I  i|d.  ::  98  :  d.  req.  «  175  x  98-1-13  «  lyi  dayt. 
(3.)  By  Ratio :  Here  i)  (days)  is  to  be  increased  in  tbe  ratio  of  98  to  13. 

1*75  X  98-1- 13  — 13*2. 

Ex  2.     If  13  men  make  420  yards  in  20  days ;  how  mudi  will  they  make  in  1 1  days  ? 

Kote. — ^The  number  of  men  remaining  the  same,  while  the  time  and  the  work 
change,  need  not  be  noticed. 

(1.)  420  yds.  in  20  d.  is  21  yds.  in  i  d.,  and  11  x  21,  or  231  yds.  in  11  days. 

(2.)  420  yds.  :  2od.  ::  yds.  rcq.  :  11     yds.  req.  »  11  x  420+20  0231  yds. 

(3.)  Here  420  is  to  be  diminished  in  the  ratio  of  1 1  to  20. 

Ex.  3.  A  pump,  A,  delivers  1  ton  in  5" ;  another,  B,  i  ton  in  8"' ;  and  a  third,  C,  i  is 
15" :  how  much  water  will  they  deliver  in  i**  lo*"  ? 

Ans.  A,  7- 14  tons  j  B,  ^ ■»8-7 ;  C,  ?J«4-7«    Total,  27-4  tons. 

Ex.  4.  A  boat,  A,  lands  52  men  in  281"  (going  and  returning)  ;   another,  B.  lands  68  men 
in  41"* ;  and  a  third,  C,  lands  20  men  in  23'" ;  how  loftg  will  all  take  to  land  220 
men? 

At  these  rates,  in  !*■,  A  lands  Jfi  x  52  men  »  1 1 1*4 ;  B,  |f  x  68,  «  99*5  ;  and  C,  .{g  x  20, 
■■52*2.  Total  in  i\  203*1  men.  Now*  as  the  number  land^  is  proportionate 
to  the  time,  we  have  263*1  :  i"  ::  220  :  220  x  i  -1-  263*1,  or  oi>*84  nearly. 

Ex.  5.    A  boat,  A,  fills  8   tons  of  water  in   3^^ ;  another,  B,  fills  5  tons  in  4'* ;  and  a 
third,  C,  fills  i^  ton  in  if^ ;  in  what  time  wfll  they  fill  107  tons  } 

(I.)  In  I**,  A  fills  y  tons ;  B,  {  tons ;  and  C,  f  tons ;  or  altogether,  ^  tons.  This  is 
I  ton  in  -ff^  of  i**,  107  tons  in  28  x  107 -1- 123  »  24i^'4. 

(3.)  Having  found  the  finction  expressing  the  joint  effect  for  i^,  or  ^  tons ;  i^  is  to  bo 
chang^  in  that  ratio,  which  will  convert  this  into  i,  {{fig  by  Ex,),  which  givet 
the  time  for  i  ton ;  this  is  then  to  be  increased  in  the  ratio  of  107  I  i. 

Note. — Such  questions  as  in  Ex.  4  and  5  do  not  usually  admit  of  exact  solution ;  thus,  in 
any  whole  number  of  trips  that  can  be  proposed,  the  boats  carry  too  much  or  too  little. 
Each  boat  performs  a  certain  quantity  in  one  particular  interval  of  time,  and  not  continuously, 
like  a  pump,  or  so  much  per  hour  /  the  reduction,  therefore,  to  hourly  rate,  is  not  correct, 
butlt  is  near  enough  for  forming  a  tolerable  estimate,  which,  in  practice,  is  aU  that  is  wanted. 
To  obtain  as  complete  a  solution  as  the  question  allows,  we  must  take  each  boatf  s  performance 
separately,  and  and  them  all  up. 

Ex.6.  The  change  of  the  sun's  declination  in  i  day  is  iS'  21" ;  find  the  change  for  !*■  34". 

24*»  (1440"")  :  18'  21"  (iioi") ::  i»»  34"»<94'») : « 

or,  less  exacdy,  24I*  I   18'*  3  ::  1*^*6  I  x. 


Ex.  7.  In  a  Table,  against  36°  stands  the 
term  27943,  and  against  37^  stands  28504; 
find  the  term  corresponding  to  36°  23'. 

36°   »7943 

37 ^8504 

Diff. 561 

Hence  60  ;  561  ::  23  :  jp 

which  added  to  27943  (because  the  terms 
increase  while  the  argument*  increases),  gives 
the  term  required. 


Ex.  8.  Against  11°  in  a  Table  stands 
6726,  and  against  ix°  30'  stands  6354;  find 
the  term  corresponding  to  1 1°  3/. 

o*    6726 


II' 


u   30. 


Diff. 


■6354 
•  37a 


30  :  372  ::  37  :i» 

to  be  mbtracted  from  6726,  which  gives  the 
term  required. 


50.  The  process  of  finding  a  term  which  falls  between  two  ffiveii 
terais,  or,  as  it  is  called,  Interpolation^  is  sufficiently  exemplified 
above ;  but  it  is  important  to  remark  that  it  is  not  always  necessary 
to  work  proportions  at  length.     It  is  enough,  for  most  practical 


*  The  argument  is  the  quantity  at  the  aide  or  head  of  the  Table,  for  which  the  tenna  ot 
quantities  in  the  body  of  the  table  are  givan. 
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parposes,  to  take  a  quantity,  somewhere  between  the  given  terms,  ao 
half  way,  or  a  third  of  the  way,  between  them,  according  to  the  case 
The  power  of  guessing  the  proportional  part  is  acquired  by  practice, 
and  saves  time  which  otherwise  would  often  be  wasted  in  working  to 
a  superfluous  degree  of  accuracy. 

On  the  other  hand,  when  extreme  precision  is  required,  this  pro- 
portioning alone  is  not  enough,  but  a  correction  is  necessary,  for 
which  see  the  explanation  of  the  Table  for  finding  the  Equation  of 
Second  Differences. 

[2.]  Double  Rule  qf  Tkree,  Direet. 

51.  Questions  in  the  Rule  of  Three  occur  also  in  a  more  complex 
form ;  thus,  if  2  men  do  7  yards  of  work  in  3  hours,  how  many  yards 
will  13  men  do  in  11  hours?  in  which  the  answer  is  required  to 
correspond  not  merely  to  a  certain  number  of  men,  but  also  to  a 
certain  number  of  hours. 

This  question  resolves  itself  into  two:  1st,  if  2  men  do  7  yds. 
how  many  will  13  men  do  in  the  same  time,  or  3  hours?  The 
answer  to  which  is  45*5  ^ds. ;  and,  2nd,  if  13  men  do  45*5  yds.  in  3 
hours,  how  many  yds.  will  they  do  in  11  hours?  Hence  the  solution 
of  such  questions  is  called  the  Double,  or  Compound  Rule  of  Three. 

Xk.  1.  The  example  above 

(1.)  I  man  does  i  of  7  yds.,  or  3*5  yda.  in  3^,  and  13  men  do  45*5  yds. 

13  men  do  45*5  yds.  in  3^  or  15*17  yds.  in  i'',  vad  therefore  166*87  in  11  iwMiru 

(2.)  The  two  statements  as  given  above. 

(3.)  7  is  to  be  increased  in  the  ratio  of  13  :  2,  and  then  of  11  I  3, 

Ex.  2.  If  9  men  make  47  yds.  in  4  days,  how  many  yards  wiU  17  men  make  fai  31  days  ? 

Ans.  68S  ydiu 

Ex.  3.  If  5  men  do  64  yds.  in  1 1  days,  in  how  many  days  wiU  14  men  do  37  yds.  ? 

(1.)  I  man  does  64  yds.  in  55  days,  or  i  yd.  in  0*86  days,  and 

14  men  do  i  yd.  in  '86+ 14,  and  37  yds.  in  2*27  days. 

(2.)  5  m.  :  64  yds.  ::  14  m.  :  179-2  yds.         179*2  :  II  ::  37  :  2*27  nearly. 
(3.)  II  is  to  be  diminished  in  the  ratio  of  37  I  64,  and  then  of  5  I  14. 

Ex.  4.  A  certain  quantity  of  provisions  lasts  170  men  for  3  months ;   how  much  is  K« 
quired  for  210  men  for  2  months  ? 

(2.)  170  :  I  (whole) ::  210  :  x  «  210+170.    And  y  ;  aio+170  ::  31*. 

(3.)  The  quantity  is  to  be  increased  in  the  ratio  of  210  :  170,  and  diminished  in  the  ratas 
of  2  ;  3. 

Ex.  5.  A  steam-vessel  has  fuel  for  steaming  13  days  at  11  hours  a-day ;  how  much  must 
she  take  to  steam  15  days  at  18  hours  a-day  ? 

(3.)  The  fuel  must  be  increased  in  the  ratio  of  15  I  13,  and  then  of  18  :  11.    il  x  t1  * 
{}§,  which  is  i{|{,  or  i))  nearly,  or  nearly  doubled. 

Ex.  6.  Three  boats   fill    16   tons   of  water  in  7  hours ;  how  many  boats,   at  the  same 
average  performance,  will  fill  78  tons  in  10  hours  ? 

(1.)  3  boats  fill  16  tons  in  7**,  or  \  of  i6>-2*3  tons  in  i\  and  23  tons  in  10  hours.    Then, 
since  23  tons  employs  3  boats,  i  ton  employs  A  ^^  '  boat,  and  78  tons  wiU 

employ ~  or  10*2  boats. 

»3 

(2.)  7* :  16 1.  ::  io>» :  *  tons  {«22*9)      22*9 1. :  3  b. ::  78 1. :  10*2  b. 

(3.)  3  is  to  be  ineveased  in  the  ratio  of  16  :  78,  and  then  diminished  in  the  ratio  of  70  :  7, 
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2.  Inverse  Proportion. 

62.  li  direct  proportion,  as  we  have  seen,  more  is  always  fol- 
lowed by  more,  and  less  by  less.  But  when  the  nature  of  the  ques- 
tion is  evidently  such  that  more  will  be  followed  by  hss^  or  less  by 
mo7T,  the  proportion  is  no  longer  direct.  For  example,  if  6  men  do 
certain  work  in  4  days,  in  how  many  days  will  7  men  do  the  same 
work?  Here  it  is  evident  that  the  greater  number  of  men  will 
require  less  than  4  days.  Again,  if  a  ship  going  8  knots,  sails  a 
certain  distance  in  5  hours,  it  is  evident  that,  if  she  goes  at  ^greater 
rate,  she  will  perform  the  same  distance  in  less  than  5  hours. 

63.  In  a  question  of  work  performed,  the  result  is  represented  by 
the  number  of  agents  multiplied  by  the  time  each  works;  thus,  6  x  6. 
or  30,  represents  the  labour  of  6  agents  working  for  5  hours,  the  unit 
of  work  being  that  performed  by  1  man.  If  now,  the  work  remain- 
ing the  same,  we  double  the  number  of  agents,  we  shall  obviously 
halve  the  time,  since  12  men  will  do  the  work  of  6  in  half  the  time, 
and  12  x  2^=30.  Or,  again,  trebling  the  number  of  agents,  gives 
18  X"!^  of  5,  or  18xf =30.  That  is,  while  one  factor  of  a  given  pro- 
duct is  increased  in  the  ratio  of  3 : 1,  the  other  must  be  diminisJied  in 
the  ratio  of  1  :  3,  which  last  ratio  contains  the  same  terms  as  the 
other,  but  in  a  reverse  or  inverted  order.  The  four  numbers  consti- 
tuting two  equal  products  are  hence  said  to  be  in  inverse  proportion 
to  each  other. 

In  the  example.  No.  62,  the  number  of  men  is  increased  in  the 
ratio  of  7 : 6,  and  the  time  is  accordingly  to  be  diminished  in  the  ratio 
of  6 :  7  ;  hence  4  days  becomes  4  x  4»  or  2^  days. 

[1].  Rule  of  Three  Inverte. 

54.  In  regard  to  the  solution  of  these  questions* 
(1.)  In  the  method  of  unity,  the  consideration  of  inversion  does 
not  present  itself. 

(2.)  As  a  question  of  proportion,  the  solution  may  be  effected 
thus.  Suppose  the  proportion  were  direct,  then  (example  above, 
keeping  the  antecedents  and  consequents  in  their  given  order) 
5  men  :  4  days  : :  7  men  :  x  days.  Now,  we  require  a  direct  comparison 
between  the  number  of  men  in  the  two  cases,  and  the  times  in  the 
two  cases ;  hence  we  alter  this  to  6  men  :  7  men  : :  4  days  :  x  days. 
But  this  would  give  x  greater  than  4,  as  7  is  greater  than  5,  whereas 
we  know  it  mupt  be  less ;  hence,  inverting  the  last  two  terms,  gives 

6 :  7; :  a; :  4,  or  7 :  8 : :  4  :  ar  =-—=—,  or  2^  days.  Hence  the  pro- 
cess (which  is,  perhaps,  as  little  liable  to  mistake  as  may  be  expected 
in  a  question  of  some  perplexity),  is,  1,  to  write,  in  the  form  of  a 
direct  proportion,  the  given  antecedents  and  their  consequents;  2, 
to  close  terms  of  like  denomination  ;  3,  to  invert  the  last  two  terms, 
and  then  to  find  the  unknown  term. 

Ex.  1.     If  7  men  do  certain  work  in  4  days,  in  how  many  days  will  10  men  do  it  ? 
(1.)  7  men  in  4  days  is  i  man  in  28  days,  and  10  men  in  a'8  days. 
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(1.)  Direct  fbim,  7  men  I    4  d.  : :  10  men  :  daji  required. 

like  tenns,    7  :  10      II    4-         I  daji  required. 

InTerlingy      7  :  10      ::d.  req.  :  4.  Ana.  2*8  daji. 

(3.)  It  is  evident  that  4  ia  to  be  dimizuahed  in  the  ratio  of  7  to  10. 

Kz.  8.    Ifa7  men  do  certain  work  in  I4da78,  howmanymenwilldotheaamework  in4da7a7 

(1.)  17  men  in  14  days,  ia  i  man  in  378  days  $  and  378  -1-  4  gives  ^  men. 

(2.)  Direct  form,     17  m.  ;  14  d.  : :  men  req.  :  4  d. 

Cloeing  like  terma  and  inverting^  men  req.  »  27  x  j^'h^^^^  men. 

(3.)  17  ia  to  be  increased  in  the  ratio  of  14  •  4* 

■z.  8.    If  12  men  do  certain  work,  working  4  hoora  a-day ;  how  many  men  will  it  take  to  do 
the  aame  work,  working  7  hoora  a-day  ? 

(1.)  12  men  in  4  h.  is  48  men  in  1  h.,  and  ^  in  7  hoora,  or  7  men  nearly. 

(2.)  Direct  form.     12  m.  :  4  h.  : :  men  reqoired  :  7  h. 

Cloeing  like  terma  and  inverting,  12  x4-i-7a7  men  nearly. 

(3.)  12  ia  to  be  diminished  in  the  ratio  of  4  S  7. 

Ex.  4.    Certain  tone  of  fod  last  a  steam-vessel  1 1  days,  steaming  4  hoars  a-day ;  how  long 
will  they  last  steaming  64  hoors  a-day  ? 

(I.)  4  h.  for  II  d.  ia  at  the  rate  of  i  h.  a-day  for  44  d.,  and  therefore  6|  h.  for  44+6(, 
or  88-1-13,  which  ia  6*77  d.,  or  6  d.  i8|  h. 

(2.)  Direct  form,  11  d.  :  4  h.  : :  4r  days  :  61  h. 

Closing  like  terms  and  inverting,     M^^+i^^6"jy  d. 

(3.)  Here  1 1  daya  ia  to  be  diminished  in  the  ratio  of  4  to  6). 

Sz.  5.    A  certain  qnantity  of  ftiel  laata  a  steam-vessd  12  days,  steaming  day  and  night ;  how 
long  wiU  it  last  sttfiming  14  hoars  a-day  ?  Ana.  %^  days. 

Xz.  6.    A  pomp,  A,  empties  a  cistern  In  3  hoors ;  another,  B,  in  2)  hoors ;  in  whaf  time 
will  they  empty  it  both  working  together  ? 

(1.)  In  i^  A  empties  |  of  It,  sod  B  empties  i-i-a),  or  i+f,  which  is  f.  Hence  in  i** 
both  together  empty  1 4- 1,  or  {.  Soppose,  for  greater  convenience,  the  ciatem  to 
hold  10  tons ;  then  in  i>^  both  empty  Y  tone,  or  i  ton  in  i^-t-T*  or  i^  x  ^,  »i^  of 
i\  which  ia  10  tone  in  }  of  i\  or  i}*^. 

(2.)  Stating  tLe  qoestion  directly,  we  shoold  say, 

}-»>|  ("■{)  I  the  whole,  or  i  ::  time  reqoired  I  i\ 
Bat,  the  greater  the  fraction  representing  the  hoorly  work  done,  the  smaller  most 

be  the  time  reqoired  for  any  given  quantity  of  work. 
Hence  J  I  i  T!  i^  I  time  reqoired  «f  of  1^. 

(3.)  Here  1^,  in  which  the  fraction  {  ia  done,  ia  obviooaly  to  be  increaaed  in  that  ratio 
whieh  win  torn  }  into  i,  or  the  whole ;  and  this  ratio  is  f,  for  f  x  {» i. 

Bz.  7.    A  csn  do  certain  work  in  8^,  and  B  the  same  work  in  6^ ;  in  what  time  wiU  they 
both  complete  it  together  ? 

(L)  In  i^  A  does  I,  and  B  ),  hence  both  together  }  + 1,  or  A.  Let  the  work  be  repnu 
sented  by  10,  t£en  in  1^  both  do  ]{,  and  therefore  £ey  do  the  onit  of  work  in  i^+K, 
or  ^  of  1^.    Hence  they  do  the  whole  in  10  x  ^^-y  of  i^,  or  3|^. 

(2.)  Direct  form,      |-|-|  :  i  (whole)  ::  time  reqoired  :  i^  «  f. 

(3.)  I**  ia  to  be  increased  in  the  ratio  of  24  :  7. 

Bz.  8.    Five  pompa  empty  a  dstem  in  13  hoars ;  how  many  most  be  put  on  to  empty  it  in 
3)  hoors? 

(1.)  I  pomp  in  65  hows  gives  18*6  in  3)  hoors. 

(2.)  5  p.  :  «3*  "  *  •  3l*-    Ultimatdy,  #-5  x  i3-i-3-s. 

(3.)  5  is  to  be  increased  in  the  ratio  of  13  I  3i. 

Si*  9.    Fbnrpompsempty  acistorain  lohomt  howloiigwiD7tachpampstake? 

Aus.  404- 7  "fj^* 
0 
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Ex.  10.     \  certain  qiuntitj  of  bread  lasts  no  men  %i  days;  bow  long  will  it  last  74 

(1.)  ai  d.  fbr  no  men  is  i  d«  for  2310  men,  and  i3io-i-74  gives  31*2  days. 

(2.)  Direct  form,  no  m.  :  ai  d.  ::  74  m.  :  #  d. 

CloBing  like  terms  and  inyerting,  of^^ii  x  iio-i-74a3i*2  days. 

(3.)  It  is  evident  that  zi  is  to  be  increased  in  the  ratio  of  no  I  74. 

Ex.  11.    A  quantity  of  bread  lasts  a  ship's  crew  ai  days  at  four-fifths  allowance ;  how  long 
will  it  last  at  two-thirds  aUowanoe  ? 

(1.)  }  lasts  21  d.,  {  win  last  4x11  or  84  days,  and  {,  or  whole  allowance,  ^  or  i6'8 
days.  Hence  }  allowance  will  last  3  x  16*8  d.,  or  50*4  d.,  and  ],  one  half  of  this* 
or  25*2  days. 

(2.)  {  :  ai  ::  }  ::  required  days. 

Closing  and  inverting,  days  required  »2i  x  }+|s25*2  days. 

(3.)  21  days  are  to  be  increased  in  the  ratio  of  {  :  },  that  is  21  x  }•«-]• 

Ex.  12.    If  it  takes  54  yds.  at  f  of  a  yard  wide,  to  cover  a  surfeoe ;  how  many  yards  win  it 
take  at  I  of  a  yard  in  width  ? 

(1.)  54  yds.  at  f  wide  is  3  X54,  or  i6a  yds.  at  4  wide,  or  40*5  yds.  at  i  yd.  wide. 
This  is  5  X  40*  5  or  202*5  yds.  at }  wide,  and  \  or  this,  or  50*62  yds.  at  |  wide. 

(2.)  Direct  form,  54  yds.  :  f  width  I :  yds.  req.  :  {. 

Closing  like  tenns  and  inverting,  yds.  req.  «  54  ><  f -t-l*  50*62  yds. 
(3.)  Here  54  is  to  be  diminished  in  the  ratio  of  f  I  ff  ^^  ^^  '5  •  i^« 

[2.]  Douile  JRvfe  qf  Three,  Jnoene. 

56.  As  the  inversion  arises  from  a  product  remaining  constant 
while  both  factors  vary,  questions  of  this  kind  may  be  solved  directly 
by  taking,  in  each  of  the  two  proportions  necessary,  those  terms  only 
which  are  directly  proportional  to  each  other.  For  example,  in  a 
question  of  agents,  work,  and  time,  the  first  proportion  would  include 
work  and  time,  and  the  second,  agents  and  work. 


III.  Logarithms. 


5&»  These  are  numbers  calculated  for  the  purpose  of  converting 
multiplication  into  addition,  and  division  into  subtraction. 

1 .  Use  of  Logarithms. 

67.  Every  logarithm  consists  of  two  parts,  the  index  and  the 
decimal  part;*  thus,  in  the  logarithm  2*80618,  the  index  is  2,  and 
the  decimal  part  '80618. 

68.  To  find  the  Logarithm  of  a  given  number.  Find  in  the  Table 
of  Logarithms  of  Numbers  the  decimal  part  (for  which  see  also  the 
Explanation  of  that  table);  and  then  apply  the  index  by  one  of  the 
two  following  rules: — 

(1 .)  When  the  number  consists  of  a  whole  number,  with  or  with- 
out decimals,  the  index  is  1  less  than  the  number  of  figures  in  the 
whole  number. 


'*  This  part  is  also  called  the  vuintuta. 
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Ri.  I.    Find  the  lo|f.  of  521. 

Against  522,  ia  the  Table,  ttanda  '717671 ;  then,  sinoe  there  are  three  fi^piires  in  521,  the 
index  is  2 ;  hence  the  log.  is  2*717671. 

Ex.  2.    Find  the  log.  of  5*22. 

The  log.  of  5*22  is  0*717671,  because  there  is  one  figure  in  the  whole  'number,  and  one 
less  thiui  I  ie  o. 

(2.)  When  the  number  consists  of  decimals  only,  count  the  number 
of  ciphers  between  the  decimal  point  and  the  first  significant*  figure 
after  it,  and  subtract  this  number  from  9;  the  remainder  is  the 
index. 

Sz.  1.    Find  the  log.  of  '0058 14* 

^le  decimal  part  of  5S14  is  '764475 ;  there  are  two  dphers  before  the  5,  which  2  takes 
from  9  leaves  the  index  7 :  hence  the  log.  is  7*764475. 

Ex.  2.    The  log.  of  *58i4  is  9*764475,  for  the  number  of  dphers  before  the  * 5  is  nothing, 
whidi  leaves  9  for  the  index. 

69.  To  find  the  natural  number  of  a  aiven  Logarithm.  Look  foi 
the  decimal  part  of  the  given  log.  in  the  body  of  the  table,  and  take 
out  the  number  from  the  side  column  and  top. 

To  place  the  decimal  point.  Add  1  to  the  given  index  of  the 
k)g.y  and  mark  off  to  the  left  this  number  of  figures ;  these  will  be 
whole  numbers ;  the  rest,  if  any,  will  be  decimals. 

If  the  index  is  9,  nut  the  dot  before  the  first  figure ;  if  it  is  8, 
prefix  one  cipher  to  tne  first  figure,  and  place  the  dot  before  the 
dpher;  if  it  is  7,  prefix  two  ciphers,  and  so  on.f 

Sz.  1.    Find  the  number  to  the  log.  1*717671. 

The  number  (to  4  places)  to  'jjjBjj  is  5220 :  adding  i  to  the  index  i,  gires  2,  which, 
marked  off  to  the  left,  gives  52*2,  the  number  required. 

Ex.  2.    Find  the  number  to  the  log.  8*581381.  ^ 

^le  number  to  581381  is  3814 ;  prefixing  one  cipher  gires  '038x4,  the  number  required. 

When  the  number  exceeds  four  figures,  see  the  explanation  of 
the  table. 

60.  In  using  logarithms,  it  is  proper  to  observe  that  the  number 
(whether  it  contain  decimals  or  not),  and  the  decimal  part  of  the 
logarithm,  are  in  general  true  to  the  same  number  of  figures,  re* 
jecting  prefixed  ciphers ;  thus,  for  instance,  the  log.  3*7575  corre- 
sponds to  the  number  5721,  and  the  log.  3"7676  to  5722,  nearly.  80, 
also,  8;7676  to  05721,  and  8-7576  to  05722. 

This  remark  should  be  kept  in  yiew,  because  it  is  mere  waste  of 
time  to  employ  more  figures  than  are  required  to  insure  a  certain 
degree  of  precision  in  the  result. 

*  That  is,  the  first  figure  not  a  dpher. 

t  As  the  index  of  &e  log.  is  1  less  than  the  number  of  figures  in  the  natoral  number 
ItBdif,  it  would  ibUow  that  the  index  of  '3814  (for  example)  in  which  there  are  no  significant 
figures,  would  be  1  less  than  nothing,  the  meaning  of  which  is,  that  such  a  log.  is  reckoned  on 
&  opposite  direction  from  a  certain  point,  which  need  not  here  be  further  discussed.  The 
index  of  such  a  log.  is  called  negative ;  and  as  this  is  embarrassing  to  beginners,  10  is  added 
to  the  index  0,  whereby  1  less  gives  9.  But  9  is  the  index,  properly,  of  a  number  consisting 
of  10  figures ;  however,  as  we  have  no  such  numbers  to  deal  with,  the  ambiguity  of  the 
double  meaning  is  not  exoerienced. 
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61.  The  remark  (No.  36)  applies  also  to  logarithms;  thus,  for 
example,  if  we  propose  to  use  only  four  figures  of  the  log.  '881385, 
we  write  '8814,  which  is  evidently  nearer  to  '881385  than  '8813 
would  be.     Again,  if  we  take  four  figures  of  '881343,  we  write  '8813. 

62.  To  find  the  arithmetical  complement  of  any  number  or 
logarithm. 

Take  every  figure  from  9,  except  the  last,  which  take  from  10. 
It  is  necessary  to  begin  at  the  left. 

Ex.  1.    Find  the  arifch.  comp.  of  1*87043        1  Ex.  2.    Find  the  arith.  oomp.  of  0*91350 
arifh.  oomp.  log.  required  8*12957        |  arith.  comp.  log.  9-08650 

63.  A  subtractive  quantity  is,  by  this  means,  made  additive. 
The  process  is  equivalent  to  subtracting  the  number  from  10,  and 
the  reason  of  it  is  evident  on  considering  that  to  add  3,  for  example, 
and  subtract  10,  is  the  same  as  to  subtract  7.  In  like  manner,  in- 
stead of  subtracting  47"  32%  for  example,  we  may  add  12"  28*  (the 
complement  to  60),  provided  we  subtract  1  hour  (or  60);  and  thus 
any  number  of  quantities,  of  which  some  are  additive  and  some  sub- 
tractive,  may  be  rendered  all  additive,  provided  that  the  larger 
numbers  which  are  employed  in  taking  the  complements  be  them- 
selves subtracted. 

2.  Certain  Arithmetical  Operations  hy  Logarithms. 

[1.]  MluWpUeation. 

64.  To  multiply  numbers  together,  add  their  logarithms  together; 
the  sum  is  the  logarithm  of  the  product  required. 


Si.  1.    Multiply  530*9  by  27*22. 
530*9  log.  2*725013 

27*22         log.  1*434888 

Ana.  1445 1 .  log.  4*  1 5990 1 


Ex.  2.    Multiply  *o79  by  3*142. 

•079  log.  8*897627 

3*142  log.  0*497206 


Ana.  0*2482  log.  9*394833 

[2.]  Dhision. 

66.  From  the  log.  of  the  dividend  subtract  the  log.  of  the  divisor; 
the  remainder  is  the  log.  of  the  quotient  required. 

If  the  logarithm  of  the  dividend  is  the  lesser  of  the  two,  increase 
its  index  by  10. 


Ex.  1.    Divide  4280  by  365. 

4280  log.  3*631444 

365  log.  2-562291 

Ans.  11*73  log.  I -0691 51 


Ex.  2.    Divide  69*3  by  71-7. 

69*3    log.  (  +  10)  1*840733 
71*7  log.  1*855519 

Ans.  0*9665.         log.  9*985214 


[3.]  Involution. 

66.  Involution  is  the  process  of  multiplying  a  quantity  by  itself: 
the  quantity  thus  multiplied  is  said  to  be  raised  to  a  power. 

67.  The  first  power  is  the  number  itself.  The  second  power  is 
the  number  multiplied  by  itself;  this  is  also  called  the  square.  The 
third  power  is  the  number  again  multiplied  by  itself;  this  is  also 
called  the  cube^ 


Ez.  1.     Square  12*39. 

iz-39  log.  1*093071 

^^*  '53*5*  log*  2*i86if2 
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The  number  or  quantity  to  be  raised  to  a  power  is  called  the  root ; 
Hie  n amber  which  indicates  the  power  to  which  the  quantity  is  raised 
is  called  the  index. 

68.  To  tf^ttor^  a  number.  Multiply  the  log.  of  the  number  by  2; 
the  product  is  the  log.  of  the  number  required. 

When  the  number  is  a  decimal  fraction,  subtract  the  index  (after 
being  doubled)  from  10  multiplied  by  2  (or  20),  diminish  the  re- 
mainder by  1,  and  prefix  the  number  of  ciphers  indicated  by  this 
remainder  to  the  number  corresponding  to  the  logarithm. 

£z.  2.     Square  '0592. 

*0592  iDg.  8*77232 

2 

Ana.  '003505  log.  17*54464 

17  from  20  leaTet  j ;  dadnotiiig  i  gives  2 ; 
2  dphen  are,  thererora,  prefixed  to  3505. 

69.  To  cube  a  number.  Proceed  by  the  above  rule,  only  reading 
?  for  2,  and  30  for  20.  In  like  manner,  to  raise  a  number  to  the 
faierihpowerj  read  4  for  2,  and  40  for  20,  and  so  on. 

[4.]  Bmdwtkm, 

70.  Syolution  is  the  reverse  of  involution,  and  is  the  process  of 
finding  that  number  which,  multiplied  by  itself  a  certain  number  of 
times,  will  produce  the  given  number. 

This  number  is  called  the  root  of  the  given  number. 

71.  To  extract  the  square  root  of  a  number.  Divide  the  log.  of 
the  given  number  by  2,  the  quotient  is  the  log.  of  the  square  root 
required. 

When  the  given  number  is  a  decimal  fraction  (that  is,  when  the 
index  of  its  logarithm  \s  9,  8,  7,  &c.),  increase  the  index  by  10. 


Sz.  1.    Fiiid  the  square  root  of  1*535. 

1*535  l^S*  0*186108 

2)0*186108 

1*239  ^«  ''i>ot  req.  0-093054 


Ex.  2.    Find  the  square  root  of  '003505. 

•003505  log.  7*54469 

10 

2)17-54469 

0*0592  Sq.  root  req.       8-77234 


72.  To  extract  the  cube  root.  Proceed  by  the  above  rule,  only 
reading  3  for  2,  and  20  for  10.  To  extract  the  fourth  root,  read  4 
for  2,  and  30  for  10,  and  so  on  for  other  roots. 


IV.  Practical  Gbombtrt. 


1.  Definitions. 


73.  Gbombtrt  is  the  name  of  that  science  which  relates  to  the 
measures  of  space. 

A  pROBi^KM  is  something  required  to  be  done. 
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INTRODUCnOK. 


Parallel  lines  are  lines  so  placed  that  the  shortest  distance 
between  them  is  every  where  the  same,  as  A B,  CD.  Sach  lines 
evidently  never  meet. 


A- 

0- 


74.  A  CIRCLE  is  a  figure  bounded  by  a  curve  line  called  the  cir* 
cumference/^  of  which  every  point  is  at  the  same  dbtance  from  a 
point  within,  called  the  centre.  Thus,  A  B  D  is  a  circle,  and  C  the 
centre. 


76.  The  circumference  is  divided  into  360  equal  parts,  called 
degrees^  written  thus,  360® ;  each  degree,  into  sixty  equal  ]>art8^  called 
minutes  (60^ ;  each  minute  into  sixty  seconds  (60^0 »  Rd<^  ^I^o  each 
second,  into  sixty  thirds  {&/"),  Example,  11®  19^46",  eleven  de- 
grees, nineteen  minutes,  forty-six  seconds. 

76.  The  circumference  is  also  divided  into  32  equal  portions  of 
11®  15'  each,  called  points  of  the  compass.  These  are  again  subdi* 
vided  into  half  points  and  quarter-points.  The  term  point  is  used 
indifferently  for  the  arc  of  11®  16',  and  for  a  mere  point  of  division 
of  the  circumference. 

77.  A  straight  line,  A  B,  drawn  through  the  centre,  divides  the 
figure  into  two  equal  parts,  called  semicircles,  as  A  D  B,  A  £  B. 
The  half-circumference  measures  180®. 


78.  The  line  A  B  is  called  the  diameter :  it  is  evidently  equal  to 
twice  the  distance  from  the  centre,  C  A,  which  is  called  the  radios. 


*  In  oommon  language,  drcle  and  circumferencp  are  often  used  indifferently  the  one  tax 
tlie  other,  but  circle  is  properly  the  mtfaet  or  area  of  the  figure  included  within  the  dream* 
fivmoe. 
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79.  If  another  diameter,  D  E,  cross  this,  and  divide  each  semi- 
drde  into  two  equal  parts,  the  four  equal  parts,  A  D,  B  D,  B  £, 
E  A,  are  called  quadrants^  and  each  of  such  portions  of  the  circum- 
ference measures  90^. 

80.  Any  portion  of  the  circumference  is  called  an  arcy  and  the 
line  joining  its  extremes  is  called  a  chord:  thus  the  line  B  F  is  the 

chord  of  the  arc  B  F. 

81.  An  AKQLB  is  the  inclination  of  two  straight  lines  to  each 
other;  that  is,  the  difference  of  the  directions  in  which  they  lie:  thus 
A  B  C,  or  B,  is  the  angle  contained  by  the  two  lines  B  A,  B  C, 
which  are  called  the  legs. 


B 


An  angle  is  not  changed  by  increasing  or  diminishing  the  length 
of  the  legs,  because  the  kngth  of  these  lines  has  nothing  to  do  with 
the  directions  in  which  they  lie. 

82.  Since  in  describiuj?  a  circle  the  radius  moves  round  the  centre 
C,  exactly  as  the  point  of  the  compasses  advances  on  the  circumfe- 
rence, the  angle  A  C  B  is  measurea  by  the  number  of  degrees  in  the 
arc  A  B. 


83.  The  arc  A  B  is  said  to  subtend  the  angle  A  C  B. 

84.  An  angle  of  90^  as  A  C  D  (fig.  in  No.  77),  which  is  sub- 
tended  by  a  a  uadrant,  as  A  D,  is  called  a  right  angle.  A  circle  con« 
tains  four  right  angles,  a  semicircle  two* 

85.  The  andes  A  C  D,  B  C  D,  being  each  90^  are  equal ;  and 
C  D,  which  makes  these  adjacent  angles  equal,  is  said  to  be  perpen^ 
dicuiar  to  A  B. 


88*  Tbe  difference  between  an  an^le  and  90^  is  called  its  coinjiUh 
went;  the  difference  to  180^  is  called  its  supplement. 
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An  angle  less  than  00^  is  called  €u:ute,  as  A. 
An  angle  greater  than  9QP  is  called  obtuse^  aB  B. 


87.  A  PLANE  TRiANGLB  Is  a  figure  contained  by  three  straight 

lines. 

When  the  three  sides  are  e^ual,  the  triangle  is  called  equUaterali 
when  two  of  them  are  equal,  it  is  called  isosceles. 

88.  When  one  of  the  angles  is  90®,  tlie  triangle  is  said  to  be  righU 
angled;  when  each  angle  is  less  than  90®,  it  is  said  to  be  acute-angled; 
when  one  is  greater  than  90®,  it  is  said  to  he -obtuse-angled. 

Triangles  that  are  not  right-angled  are  called  in  general  oblique^ 

angled. 

89.  In  a  right-aneled  triangle,  as  A  B  C,  the  side  A  C,  opposite 
the  right  angle  is  called  the  hypothenuse ;  one  of  the  other  sides,  as 
B  0,  is  called  the  base  ;  and  the  third  side,  A  B,  the  perpendicular. 


90.  A  SPHERE,  or  GLOBE,  is  a  solid  figure  bounded  by  a  curve 
Aurface,  of  which  every  point  is  at  an  equal  distance  from  the  centre. 

2.  Oeometrical  Problems. 

91.  The  instruments  necessary  in  constructing  the  figures  in 
these  problems  are,  a  pair  of  compasses  and  a  straight  edge  of  any 
kind,  as  of  a  ruler,  or,  when  such  cannot  be  had,  the  back  of  the  fold 
made  by  doubling  a  piece  of  thick  paper.  Also  the  parallel  rulers 
are  convenient.  These  may  be  of  the  common  form,  which  needs 
no  description  here,  or  those  called  Marquoi's  Rulers.* 

92.  Tne  accuracy  of  a  straight  edge  is  tested  thus.  Draw  a  line 
with  a  fine  pointed  pencil,  or  steel  pen,  along  the  edge,  between  two 
points  near  the  extremities.  Then  turn  the  ruler  over  and  draw 
another  between  the  same  two  points :  if  the  edge  is  perfect,  the  two 
lines  will  appear  as  one ;  if  not,  there  will  be  a  space  between  them. 

*  These  last  oonsist  of  a  right-angled  triangle,  having  one  of  its  angles  about  20^,  and  a 
flat  ruler  somewhat  longer  than  the  hypothenuse  of  the  triangle,  both  of  the  same  thickness. 
By  sliding  the  triangle  along  the  edge  of  the  ruler,  which  is  kept  fixed,  two  sides  of  it  move 
parallel  to  themselTes.  This  parallel  motion  is  perfect,  which  is  not  always  the  case  with  th« 
oommon  parallel  rulers,  especially  after  long  use ;  and  besides  this,  the  triangle  being  hright* 
angled,  dispenses  with  the  trouble  of  drawing  perpendiculars  by  points. 
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93.  Problem.  To  draw  a  line  through  a  given  point  parallel  to 
another  line. 

C  is  the  given  point,  A  B  is  the  line. 

Take  the  shortest  distance  from  C  to  A  B  in  the  compasses ;  set 
one  foot  on  A  B  as  at  B,  and  describe  a  small  arc ;  then  the  line 
drawn  through  C,  so  as  to  touch  this  arc,  is  the  line  required. 


i*> 


B 


94.  Problem.  To  draw  a  line  parallel  to  another  line  at  a  given 
distance  from  it. 

A  B  is  the  line,  C  D  the  given  distance. 

Take  C  D  in  the  compasses,  place  one  foot  near  each  end  of  A  B, 
and  describe  two  arcs ;  the  line  arawn  touching  these  arcs  is  the  line 
required. 


D 


95.  Problem.  At  a  given  point  in  a  line  to  make  an  angle  equal 
to  a  given  angle. 

P  is  the  point  in  the  line  P  Q ;  A  is  the  given  angle.  From  the 
centre  A,  with  any  convenient  radius  (the  longer  the  more  accurate), 
describe  an  arc,  C  B ;  from  the  centre  P,  with  the  same  radius,  A  B, 
describe  an  arc,  D  E ;  take  the  distance  from  C  to  B  in  the  com- 
passes, and  put  one  foot  on  D  and  the  other  on  the  arc  at  F,  and 
join  P F :  then  the  angle  F P D  is  equal  to  BAG,  their  measures. 
F  D  and  B  C,  being  the  same. 


96.  Problem.  From  a  point  M,  in  a  straight  line  A  M,  to  draw 
a  perpendicular  to  it  (fig.  p.  26). 

(1.)  Draw  a  straight  line  any  where,  and  set  off  by  the  compasses 
5  equal  parts  upon  it.  With  3  of  these  parts  in  the  compasses,  as 
radius,  describe  from  M,  as  a  centre,  an  arc  at  I ;  then  lay  off  4  parts 
from  M  to  A  ;  with  5  parts,  as  radius,  describe  froip  the  centre  A  an 
arc  cutting  the  former  arc  at  I ;  join  I  M :  this  is  the  perpendicular 
required. 
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The  following  methods  are  also  used  : 

(2.)  When  the  point  M  is  at  or  near  the  end  of  the  line. 

Take  a  point  F,  such  that  a  line  supposed  to  join  P  and  M  may 
make  the  angle  P  M  A  about  45® ;  and  from  P  as  a  centre,  with  the 
radius  P  M,  describe  a  small  arc  I,  and  another  opposite,  as  K ; 
draw  the  line  I  P  K,  and  join  the  point  where  it  crosses  the  arc  K 
with  M.     K  M  is  the  perpendicular  required. 


(3  )  When  the  point  M  is  not  near  the  end  of  the  line. 

Take  two  points  P,  B,  at  equal  distances,  from  M,  and  at  P  and  B 
as  centres  with  a  radius  exceeding  P  M,  describe  two  arcs,  cutting 
each  other  at  I ;  join  I M.    This  fine  is  the  perpendicular  required. 


B 


97.  Problem.  From  a  given  point  without  the  line,  as  C,  to 
draw  a  perpendicular  to  it. 

(1.)  When  the  point  is  nearly  opposite  the  middle  of  the  line. 

Take  in  the  compasses  a  distance  exceeding  the  distance  from  C 
to  the  line ;  and  from  C,  as  a  centre,  describe  an  arc,  D  E ;  then,  from 
D  and  E  as  centres,  with  a  convenient  radius,  describe  two  arcs 
cutting  each  other  at  I.     CI  is  the  perpendicular  required. 
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(2.)  When  the  given  point  is  towards  the  end  of  the  line. 

Take  a  point  P  as  centre,  and  with  P  C  as  radius  describe  an  arc 
C  D.  Take  another  point  Q  as  centre,  and  with  Q  C  as  radius 
describe  another  arc  cutting  C  D  in  I.  C I  is  the  perpendicular 
required. 


B 


98.  Problem.  To  bisect  a  line  A  B,  or  to  divide  it  into  two 
equal  parts. 

Take  in  the  compasses  a  distance  exceeding  half  the  line,  and 
from  A  and  B,  as  centres,  describe  two  arcs.  The  line  I  K,  joining 
the  points  of  their  intersection,  divides  the  line  A  B  into  two  equal 
parts,  A  M,  M  B. 


Aft. 


99.  PnoBLEM .  To  divide  a  line,  A  B,  into  any  proposed  number 
of  equal  parts,  as  five,  for  example. 

Draw  a  line  A  C,  making  about  half  a  ri^ht  angle  with  A  B. 
Draw  another  line,  B  D.  parallel  to  A  C.     On  A  C  and  B  D  lay  off 
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five  e^ual  parts;  join  the  points  I  and  4,  2  and  3,  &c. ;  these  lines 
will  divide  A  B  into  5  equal  parts. 


c 


In  like  manner,  the  line  might  be  divided  into  any  other  number 
of  equal  parts. 

100.  Problem.     To  bisect  an  arc  A  B,  or  an  angle  A  C  B. 


From  the  points  A  and  B,  as  centres,  with  a  radius  exceedinff 
half  the  distance  A  B,  describe  two  arcs  cutting  each  other  in  I,  and 
draw  the  line  C I ;  C I  bisects  the  arc  A  B,  and  the  angle  A  C  B.  If 
the  angle  alone  is  given,  and  not  the  arc  subtending  it,  describe  this 
arc  from  C  as  a  centre,  with  any  convenient  radius. 

101.  Problem.     To  divide  a  circle  into  2,  4,  8,  &c.  equal  parts. 

Draw  the  diameter  A  B ;  this  divides  the  circle  into  two  equal 
parts.  From  A  and  B,  as  centres,  with  a  radius  exceeding  half  A  B, 
describe  the  arcs  I  and  K,  cutting  each  other  above  and  below  A  B ; 
join  I  K :  the  line  £  D  is  a  diameter  crossing  A  B  at  right  angles,  and 
dividing  the  circle  into  the  four  Quadrants,  A  E,  E  B,  B  D,and  D  A. 
Bisect  the  arc  A  D  (No.  100) ;  draw  the  diameter  through  C :  this 
will  bisect  B  E  also.  Bisect,  in  like  manner,  B  D  and  A  E.  The 
circle  is  now  divided  into  8  eanal  parts,  of  4  points  each ;  bisecting 
these  last  arcs  divides  the  circle  into  16  equal  parts,  of  22?\  each; 
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and  again  bisecting  these  divides  it  into  the  32  points  of  the  compass, 
of  ll^'ieach. 

V 


An  arc  is  divided  into  a  number  of  parts  not  divisible  by  2,  as  into 
3,  5,  7,  tee.  parts,  by  trial. 

102.  Problem.    To  find  the  centre  of  a  circle,  or  circular  arc. 

Take  two  points,  as  A  B,  on  the  circumference,  and  join  them ; 
bisect  the  line  A  B  (No.  98),  and  at  the  middle  point  draw  a  per- 
pendicular (No.  96,  3d).  Take  a  third  point,  D,  join  it  with  B ; 
bisect  the  line  B  D,  and  draw  a  perpendicular  at  the  middle  point. 
The  two  perpendiculars  will  cross  at  the  centre. 


103.  Problem.    To  draw  a  circle  through  three  given  pomts. 
Suppose  the  three  points  to  lie  in  a  circle,  and  proceed  to  find 

the  centre  as  above. 

It  is  easy  to  see  that  however  three  points  may  be  placed,  some 
one  circle  will  always  pass  through  them ;  for  an  infinite  number  of 
circles  may  be  drawn  passing  through  two  points,  and  therefore  some 
one  of  these  must  likewise  pass  through  a  third  point  wherever 
situated. 

3.  Use  and  Construction  of  the  Scales^ 

104.  These  are  flat,  thin  pieces  of  brass,  ivory,  or  wood,  divided 
into  certain  portions  by  lines,  and  serve  for  measuring  or  laying  off 
lines  OT  distances^  and  anyles. 
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Tbe  common  scale  of  equal  parts  has  generally  on  one  side  fonf 
or  five  different  scales  for  different  measures,  on  each  side  of  which 
one  division  is  subdivided  into  10  equal  parts. 

105.  In  the  diagonal  scale,  the  shorter  lines  dividing  the  length 
into  equal  portions  (units)  are  crossed  perpendicularly  by  10  others 
extending  the  length  of  the  scale.  The  end  division,  or  unit,  has  its 
upper  and  lower  edge  subdivided  into  10  equal  parts,  and  diagonal 
lines  are  drawn  from  the  beginning  of  one  division  to  the  end  of  the 
opposite  one.  This  effects  a  further  subdivision  by  10,  as  an  example 
will  shew.  To  take  the  No.  6'28  from  this  scale  by  the  compasses. 
Set  one  foot  at  6,  and  the  other  at  the  second  line  on  the  lower 
edge  of  the  subdivided  unit, — this  gives  5*2.  Now  follow  up  the 
diagonal  line  at  the  *2  to  the  eighth  of  the  long  parallel  lines,  and, 
fixing  the  point  there,  extend  the  other  point  to  meet  the  line  which 
rises  at  5,  crossing  the  breadth ;  and  the  number  is  taken. 

The  same  process  serves  for  tens  and  units,  as  for  units  and  tenths, 
and  so  on ;  thus  the  No.  62*8,  or  528,  is  taken  as  above. 

By  placing  the  points  of  the  compasses  between^  instead  of  otz,  the 
10  long  parallel  lines,  we  may  obtain  a  still  further  subdivision. 

Diagonal  Scale. 
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lOG.  Angles  are  measured,  or  laid  off,  either  by  means  of  the 
lines  marking  the  divisions  of  degrees,  or  half  degrees,  at  the  edge 
of  the  scale^  and  which  are  numbered  at  each  10°  or  5°,  or  by  means 
of  the 

Scale  of  Chords. 
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(1.)  To  measure  an  angle  b^  the  marked  divisions.  Place  the 
middle  point  of  the  scale  (which  is  strongly  marked)  upon  the 
angular  point,  and  lay  the  edge  along  one  of  tbe  legs ;  the  other  leg, 
produced,  if  necessary,  shews,  on  the  graduated  edge,  the  degrees 
which  the  angle  contains. 

(2.)  To  measure  an  angle  by  the  scale  of  chords.  Take  in  the 
compasses  the  chord  of  60°  off  the  scale,  and  describe  an  arc:  take 
the  distance  from  A  to  B  in  the  compasses,  and,  placing  one  foot  at 
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tbe  heginning'  of  the  scale  of  chords,  look  how  many  degrees  the 
other  foot  extends  to.  Thus,  for  example,  if  A  B  extends  to  27^,  the 
arc  A  B,  or  angle,  C,  contains  27^. 

107.  To  lay  off  an  angle  from  a  given  line,  as,  for  example,  27^. 
Describe  an  arc  A  B  (fig.  above),  with  the  chord  of  60®,  from  C,  as 
centre^  and  set  off  the  chord  of  27®  from  A  on  A  B ;  join  C  B,  and 
A  CB  is  the  angle  required. 

When  the  angle  to  be  measured  or  laid  off  exceeds  90^,  measure 
or  lay  off  90®,  and  then  the  excess  above  90°. 

108.  The  semicircle  with  a  graduated  edge  is  useful  for  this 
purpose ;  but  the  most  convenient  instrument,  especially  for  using 
with  the  chart,  is  a  transparent  horn  semicircle,  with  a  long  silk 
thread  attached  to  its  centre. 

109.  To  construct  a  scale  of  chords  to  any  proposed  radius.  The 
radius  b  equal  to  the  chord  of  60®;  describe,  therefore,  a  quadrant, 
divide  it  into  portions  of  30®,  20®,  10®,  and  so  on;  draw  the  several 
chords,  and  transfer  them  to  the  proposed  scale. 

4.  The  Sector. 

110.  The  Sector  is  a  ruler,  or  scale,  which  folds  into  half  its 
length  by  moving  round  a  large  circular  joint  on  which  it  is  accu- 
rately centered.  Several  lines,  or  scales,  are  laid  off  from  the  centre 
to  the  extremity  on  both  legs  of  the  sector,  as  tangents,  sines,  &c., 
and  others  parallel  to  the  edges.  We  shall  refer  here  only  to  that 
one  which  is  called  the  line  of  lines  (marked  C  L  in  the  figure),  on 
account  of  the  great  convenience  of  the  sector  in  reducing  a  plan,  or 
a  figure,  to  another  on  a  different  scale,  dividing  lines  propor- 
tionally,''^ and  in  solving  some  simple  questions  which  depend  on 
proportion  alone. 
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The  line  of  lines  is  divided  into  10  eaual  parts,  and  these  again 
are  similarly  subdivided.  The  distance  from  the  centre  to  any  point 
in  the  line  of  lines  is  called  the  lateral  distance ;  and  that  between 
any  point  in  the  line  of  lines  on  one  leg,  and  the  corresponding  point 
on  the  other,  the  transverse  distance. 

The  following  examples  will  sufficiently  illustrate  the  use  of  the 
Sector. 


*  Another  ntftrament,  equally  convenient  and  portable,  but  more  expensive,  is  the  ^ro^ 
pwrikmai  earmpoMget,  the  manner  of  using  which  may  be  explained  by  the  maker. 
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Ex.  1.    To  divide  a  line  into  a  number  of  equal  parts,  as  for  ex.  7. 

Take  the  gfiven  line  in  the  oompaiBea ;  place  one  point  on  the  division  7  on  one  leg  •f 
the  sector,  and  open  it  till  the  other  falls  on  the  other  7.  Then  the  transverse  dis- 
tance I  to  I  is  i-7th,  2  to  2  is  2-7ths,  and  so  on ;  or  the  line  7*  7  is  equally  divided 
into  the  parts  i,  j ;  2,  s ;  &c. 

Ex.  2.    To  reduce  a  plan  on  the  scale  of  3  inches  to  a  mile,  to  another  scsle  of  2  inches  to  a 
mile. 

Take  the  lateral  distances  on  the  scale  of  the  3-inch  plan.  Take  2  in  the  compasses ; 
place  one  point  at  the  division  3,  and  open  the  sector  till  the  other  point  faUs  on 
the  other  3.  Then  the  transverse  distances  will  be  the  «iifftr<^n4?fg  on  the  proposed 
pouL 

Ex.  3.    A.  line  of  a  given  figure  measures  85  ;  find  the  measure  of  another  line  in  the  same 
figure. 

Take  the  given  line  S*5  in  the  compasses,  and  open  the  sector  till  their  points  measure 
the  transverse  distance  8*5,  8*5.  Then  any  other  line  of  the  figure  taken  in  the 
compasses  is  measured  by  finding  the  corresponding  points  in  the  two  legs  which 
exactly  contain  it,  and  multiplying  the  number  shewn  by  xo« 


V.  Raising  the  Triqonomstrical  Canon. 

111.  This  term  implies  forming  the  proportions  or  analogies  pro- 
per for  the  solution  of  problems  concernmg  right-angled  triangles. 

Before,  however,  the  stadent  proceeds  to  the  actual  composition 
of  these  analogies,  he  should  be  acquainted  with  the  few  propositions 
of  geometry  which  are  given  in  the  following  section. 

1 12.  Definition.  An  Axiom  is  a  proposition  assumed  to  be  so 
obvious  as  to  reauire  no  demonstration. 

The  principal  axioms  which  have  been  employed  as  the  founda- 
tion of  geometrical  reasoning  are  the  following : — 

Geometrical  magnitudes  are  said  to  be  equal  when  one 


being  piace3"On^l(nother  coincides  with,  or  exactly  covers,  it. 

(2.)  Two  magnitudes  which  are  each  equal  to  a  third,  are  equal 
to  each  other. 

(3.)  If  equals  be  added  to  equals^  the  wholes  will  be  equal. 

That  is,  if  two  magnitudes  be  equal,  and  a  third  be  added  to  e&ch,  the  two  sums  will  be 
equal. 

(4.)  If  equals  be  taken  from  equals,  the  remainders  will  be  equal. 
(6.)  If  the  same  or  equal  quantities  be  added  to  unequals,  the 
sums  will  be  unequal. 

(fi.)  If  equals  be  taken  from  unequals,  the  remainders  will  be 

unequal. 

(7.)  The  halves  of  equal  things  are  equal. 
(8.)  The  doubles  of  equal  things  are  equal. 

]  13.  Def.     a  Geometrical  Theorem  is  a  proposition  in  which 
some  property  of  a  figure  is  demonstrated. 

The  term  Proposition  includes  both  Problems  and  Theorems. 

114.  Dsp.     A  Corollary  is  an  obvious  conclusion,  ox  necessary 
inference,  from  a  proposition. 
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1 .    Theorems  of  Geomptry. 

116.  A  straight  line,  as  A  C,  standing  on  another,  as  D  E,  makes 
die  adjacent  angles,  ACE  and  A  C  D,  together  equal  to  two  right 
angles.  n 

For,  draw  C  N  at  right  an^es  to 
DE;  then  DCN  and  NCE  are 
two  rig^t  angles ;  that  is,  DCN, 
with  NX!  A  and  ACE,  are  two  right 
aneles ;  and  since  DCN  and  N  U  A 

mfOLe  up  D  C  A,  therefore,  D  C  A 

and  ACE  are  two  right  angles.  d  c  e 

116.  If  two^  straight  lines,  as  A  B,  C  D,  intersect  or  cross  each 
other,  the  opposite  and  vertical  angles,  as  C  E  A,  B  E  D,  are  equal. 

Since  Cf  E  stands  on  A  B,  the 
angles  C  E  A  and  C  E  B  are  equal 
to  two  right  angles  (No.  1 16)«  Again, 
since  B  E  stands  on  C  D,  the  angles 
C  E  B  and  BED  are  equal  to  two  a' 
ri^t  angles.  Hence  (J  E  A  and 
C  £  B  are  equal  to  B  E  D  and 
C  E  B.  Take  away  the  angle  C  E  B, 
common  to  both  these  sums,  and  the 
remuning  angles  C  E  A,  B  E  D  are  equal.    (No.  1 1 2,  4). 

117.  If  two  triangles,  as  ABC,  DE  F,  have  two  sides  of  the  one, 
as  A  B,  A  C,  equal  to  two  sides  of  the  other,  as  D  E,  D  F,  and  have 
likewise  the  angles  A,  D,  contained  by  those  sides,  equal,  the  two 
triangles  are  equal  in  all  respects. 

l^r  if  the  point  A  be  laid  on 
D,  and  the  line  A  B  on  D  E,  the 
point  B  will  coincide  with  E  be- 
cause A  B  is  equal  to  D  E. 

Also,  since  the  angles  A,  D, 
are  equal,  the  line  A  C  will  coin- 
cide with  D  F,  and  the  point  C 
of  A  C  will  coincide  with  the 
point  F  of  D  F,  because  A  C  is  equal  to  D  F. 

Then  since  B  coincides  with  E,  and  C  with  F,  the  base  BC 
coincides  with  the  base  E  F,  and  is  therefore  equal  to  it. 

Since  therefore  the  three  sides  of  the  triangles  are  equal,  the 
triangles  are  equal,  and  either  laid  on  the  other  (two  equal  sides 
being  laid  on  two  equal  sides)  will  exactly  cover  it.  Hence  the  two 
remaining  angles  must  be  equal,  or  B  is  equal  to  E,  and  C  to  F ; 
or,  the  triangles  are  equal  in  all  respects. 

The  abore  proves  the  method  No.  100.  For  suppose  A  and  I,  B  and  I  to  be  joined  by 
Ifaies,  then  the  two  triangles  C  A  I.  C  B 1,  have  the  sides  C  A,  A I  equal  to  C  B,  B  I,  and  the 
thini  side  commo&  Henoe  they  are  equal,  and  the  angles  A  C  I,  I C  B  being  equal,  each  is 
jHlfofACB. 

D 
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118.  If  two  triangles  ABC,  DEF  (fig.  No.  117)  have  tlie 
angles  B,  C,  in  one,  equal  to  two  angles  E,  F,  in  the  other  respectively, 
and  also  the  sides  B  C,  E  F,  adjacent  to  the  equal  angles,  equal  to 
each  other,  the  two  triangles  are  equal. 

Suppose  the  point  B  to  be  laid  on  E,  and  the  side  B  C  on  E  F, 
the  points  C  and  F  will  coincide  because  B  C  is  equal  to  E  F. 

Again,  since  the  angles  B  and  E  are  equal,  the  side  B  A  will  fall 
on  E  D ;  and  because  the  angles  C  and  F  are  equal,  the  side  C  A  will 
fall  on  F  D.  Hence,  as  the  point  A  belongs  to  both  the  sides  B  A 
and  CA,  and  D  to  ED  and  FD,  the  point  A  will  coincide  with  D,  and 
the  angles  A  and  D  are  equal.     Hence  the  two  triangles  are  equal. 

119.  In  an  isosceles  triangle,  as  A  B  C.  the  angles  B,  G,  opposite 
the  equal  sides  A  B^  A  C,  are  equal. 

Suppose  the  angle  BAG  bisected  by  the  a 

line  A  D.  Then  since  A  B  and  A  G  are  equal, 
and  the  side  A  D  common  to  the  two  triangles 
A  D  B,  A  D  G,  and  the  angle  BAD  equal  to 
CAD,  each  being  half  of  B  A G,  these  two 
triangles  are  equal  in  all  respects  (No.  117), 
and  therefore  the  angles  B  and  G  are  equal. 

GoR.  1.  Since  the  base  B  D  is  equal  to 
the  base  G  D,  a  line  bisecting  the  angle  contained  by  the  two  equal 
sides  of  an  isosceles  triangle  likewise  bisects  the  third  side. 

Cor.  2.  Also,  since  the  adjacent  angles  A  D  B,  A  D  C  are  equal, 
they  are  right  angles,  or  the  said  line  is  perpendicular  to  the  third 
side. 

Cor.  3.  If  the  third  side  is  equal  to  A  B  or  B  G,  the  angle  A  is 
equal  to  B  or  G ;  or  an  equilateral  triangle  is  equiangular. 

This  proTea  the  method  No.  97  (1)  ;  for  supposing  C  D,  D  I,  and  C  E,  £  I  joined,  the 
two  C  D,  D I  are  equal  to  C  £,  £  I,  and  C I  is  common;  hence  the  triangles  are  equal.  And 
the  angles  D  C  I,  E  C  I  are  equal,  and  each  is  half  D  C  E ;  hence  C  I  bisects  D  C  £  and  is 
perpendicular  to  A  B. 

The  like  proof  applies  to  No.  97  (2)  ;  for  suppose  P 1,  Q I  to  be  joined  ;  then  C  P,  C  Q 
are  equal  to  P  I,  CI  I,  and  P  CI  is  common  ;  hence  C  P  CI  is  equal  to  I  P  Q,  and  P  B  which 
thus  bisects  C  P  I,  is  perpendicular  to  C  D. 

The  same  kind  of  proof  applies  to  Nos.  96  (3)  and  98. 

120.  Every  triangle  which  has  two  angles.  A,  B,  equal,  is  isos- 
celes; or  the  sides  GA,  GB  are  also  equal. 

If  G  A  is  not  equal  to  G  B,  let  it  be  greater,  and 
take  a  part  of  A  G,  as  A  D,  equal  to  G  B. 

Then  since  D  A,  C  B  are  equal,  add  to  each  of 
them  AB,  and  the  two  DA,  A  B,  are  equal  to  the 
two  C  B,  A  B  (No.  112,  3).  Also,  since  D  A  is 
equal  to  GB,  the  angles  DAB,  GB  A  are  equal 
(No.  119).  Hence  the  triangle  ADB,  having  the 
two  sides  DA,  AB,  and  the  included  angle  DAB 
equal  to  the  sides  G  B,  A  B,  and  the  angle  C  B  A,  is  equal  to  the 
triangle  GBA  (No.  1 17),  or  the  less  to  the  greater,  which  is  absurd. 
Hence  A  G,  C  B  are  not  unequal,  that  is,  they  are  equal. 

CoR.  If  the  third  angle  Cf  is  eqnal  to  A  or  B,  the  side  A  B  must 
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ID  like  manner  be  equal  to  C  B,  or  to  C  A ;  that  is,  every  equiangular 
triangle  is  equilateral. 

121.  If  a  side  of  a  triangle  ABC,  as  AB,  be  produced,  the 
exterior  augle  CBD  is  greater  than  either  of  the  interior  and 
opposite  angles  A  and  C. 

Bisect  C  B  in  Ejoin  A  E  and  pro-  c  k 

dnce  the  line  till  £  F  is  equal  to  A  E ; 
and  join  F  B. 

Then  since  A  E  is  equal  to  E  F,  and 
B  E  to  E  C,  and  also  the  angle  A  E  C 
to  the  angle  B  E  F,  the  two  triangles 
A  E  C,  B  E  F  have  two  sides  and  the 
included  an^Ie  equal  in  each.     Hence 

these  two  triangles  are  equal  (No.  1 17),  ^ 

and  therefore  the  angle  C  (opposite  the  side  A  E)  is  equal  to  the 
angle  E  B  F  (opposite  the  equal  side  E  F)«  Hence  CBD  which 
contains  C  B  F  is  greater  than  C. 

In  like  manner,  by  producing  C  B  to  a  point  O,  and  bisecting 
A  B,  it  would  be  proved  that  the  angle  A  B  (j,  or  its  equal  CBD, 
is  greater  than  A. 

122.  Any  two  angles  of  a  triangle  are  together  less  than  t^vo 
right  angles. 

Produce  the  side  BC  of  the  triangle 
A  B  C,  to  D.  Then  the  exterior  angle  A  C  D 
of  the  triangle  is  greater  than  the  interior 
and  opposite  angle  ABC  (No.  121).  Add 
to  eacn  angle  AC B,  then  A  C  D  and  ACB, 
are  greater  than  ACB  and  ABC  (No.  112, 
5) ;  and  since  A  C  D,  ACB  are  equal  to 
two  right  angles,  A  CJ  B,  and  ABC  are 
less  than  two  right  angles.  The  same  may  be  proved  of  the  other 
angles  by  producing  the  other  sides. 

123.  If  a  straight  line  A  B  meeting  two  other  lines  CD,  EF,  makes 
the  alternate  angles  C  G  H,  G  H  F  equal,  the  two  lines  are  parallel. 
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For  if  they  are  not,  they  will  meet  on  one  side  of  A  B ;  let  them 
meet  at  I,  then  G  H  I  is  a  triangle,  and  the  exterior  angle  C  G  H  is 
greater  than  the  interior  and  opposite  angle  G  H  F  (No.  121 ).  But 
these  angles  are  equal  by  the  supposition,  therefore  the  lines  do  not 
meet  towards  I. 

In  like  manner  it  may  be  shewn  that  they  do  not  meet  on  the 
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other  side  of  A  B,  and  hence  that  they  do  not  meet  at  all ;  that  tf, 
they  are  parallel. 

It  appears  by  fig.  2,  that  the  lines  meet  on  that  side  on  which  the 
two  interior  angles  are  less  than  two  right  angles.  For  I G  H,  I H  G 
\re  together  less  than  two  right  angles  (No.  122). 

124.  If  a  straight  line  AB  (fig.  1,  No.  123)  falling  on  two  lines 
C  D,  E  F,  make  the  exterior  angle  A  G  D  eqaal  to  the  interior  and 
opposite  angle  G  H  F  (on  the  same  side  of  A  B),  the  two  lines  are 
parallel.  Also,  if  the  two  interior  angles  D  G  H,  G  H  F,  are  equal 
to  two  right  angles,  the  lines  are  parallel. 

The  angle  A  G  D  is  by  supposition  equal  to  G  H  F,  and  A  G  D 
is  equal  to  CGH  (by  No.  116);  hence  CGH  and  GHF  are  equal, 
and  they  are  alternate  angles,  and  C  D,  E  F  are  parallel. 

Again,  since  D  G  H,  G  H  F  are  equal  to  two  right  angles  by  the 
supposition,  and  since  CGH,  D G H  are  equal  to  two  right  angles 
by  No.  116,  CGH,  DGH,  are  equal  to  DGH,  GHF;  take 
away  the  common  angle  DGH,  and  the  remaining  angle  C G  H  is 
equal  to  G  H  F,  and  they  are  dtemate  angles,  therefore  C  D,  E  F 
are  parallel. 

125.  If  a  straight  line  AB  (fig.  1,  No.  123)  fall  on  two  parallel 
lines  C  D,  E  F,  it  makes 

(1.)  The  alternate  anries  C  G  H,  G  H  F,  equal ; 

(2.)  The  exterior  angle  A  G  D  equal  to  the  interior  and  opposite 
angle  GHF; 

(3.)  The  two  interior  angles  DGH,  GHF,  equal  to  two  right 
angles. 

(1.)  If  CG  H  be  not  equal  to  G  H  F,  let  it  be  greater ;  add  to 
each  the  angle  DGH;  then  the  angles  CGH,  DGH  are  greater 
than  the  angles  D  G  H,  G  H  F,  and  C  G  H,  D  G  H  are  equal  to  two 
right  angles  (No.  116) ;  therefore  DGH,  GHF  are  less  than  two 
right  angles.  But,  by  fig.  2,  No.  123,  this  is  the  case  in  which  the 
two  lines  meet  at  I,  whereas  they  are  here  parallel  by  the  supposi- 
tion ;  therefore  C  G  H  is  not  greater  than  (^  H  F.  In  like  manner 
it  might  be  shewn  that  it  is  not  less ;  it  is  therefore  equal  to  G  H  F. 

(2.)  Since  AGD  is  equal  to  CGH  (No.  116),  and  CGH  to 
GHF,  therefore  A G  D  is  equal  to  G H  F. 

(3.)  Hence,  adding  DGH  to  A  G  D,  G  H  F,  the  two  A  G  D, 
D  G  H  are  equal  to  the  two  D  G  H,  GH  F.  But  A  G  D,  D  G  F  are 
equal  to  two  right  angles ;  therefore  DGH,  GHF  are  equal  to  two 
right  angles. 

1 26.  Prop.  The  exterior  angle,  as  A  C  D,  of  a  triangle  (formed 
by  producing  one  of  the  sides  of  the  triangle),  is  equal  to  the  sum  of 
the  two  interior  and  opf)Osite 
angles,  ABC  and  B  A  C. 

Produce  the  side  BC  toD, 
and  draw  CE  parallel  to  BA. 
Then  the  angle  E  C  D  is  equal  ^ 
to  A  B  C,  since  B  D  meets  the 
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parariels  B  A  and  C E (No.  126).  Again,  the  alternate  angles  BAG, 
ACE,  tbrmed  by  A  C,  which  crosses  the  same  parallels,  are  equal 
(No.  126).  Hence  ACE  and  EC D  are  together  eoual  to  BAC  and 
ABC;  that  is,  A  CD,  which  is  made  up  of  ACE  and  ECD,  is 
ocjual  to  B  A  C  and  A  B  C. 

127.  Prop.  The  three  interior  angles  of  a  triangle  are  together 
(^qual  to  two  right  angles  (fig.  No.  126). 

By  the  above  proposition,  A  C  D  is  equal  to  the  sum  of  A  B  C 
and  BAG.  Add  to  each  A  C  B ;  then  A  C  D  and  A  C  B  are  equal 
to  the  three  angles  ABC,  BAC,  and  A  C  B.  (No.  112).  But 
A  C  D  and  A  C  B  are  equal  to  two  right  angles,  therefore  the  angles 
ABC,  BAC,  and  A  C  B,  are  equal  to  two  right  angles. 

Cor.  1.  In  a  triangle  which  has  one  right  angle,  the  other  two 
angles  make  up  a  right  angle ;  each  of  them,  therefore,  must  be  less 
than  a  ri^ht  angle,  and  each  is  the  complement  of  the  other  to  90^. 

Cor.  2.  If  two  triangles  have  two  angles  in  the  one  equal,  re- 
spectively, to  two  angles  in  the  other,  they  will  also  have  the  third 
or  remaining  angles  equal. 

128.  Prop.  The  greater  side  of  any  triangle,  as  A  C,  is  opposite 
to  the  greater  angle  ABC. 

C  A  being  greater  than  A  B,  make  AD  a 

equal  to  AB,  and  join  DB;  then  since 
A  D  is  eqaal  to  A  B,  the  triangle  A  B  D 
is  isosceles,  and  the  angles  A  D  B  and 
A  B  D  are  equal  (No.  1 19).  But  A  B  D 
which  is  contained  within  ABC  is  less  than 
ABC.  Hence  A D B  is  less  than  ABC. 
Now  A  D  B  is  equal  to  the  sum  of  A  C  B 

and  C  B  D  (No.  126) ;  hence  A  D  B  is  greater  than  A  C  B,  that  is, 
A  B  D  is  greater  than  ACB,  therefore  ABC  is  greater  than  ACB. 

In  like  manner,  by  taking  C  D  equal  to  C  B,  it  would  be  proved 
that  the  angle  B  is  greater  than  the  angle  A ;  and,  by  taking  D  on 
B  C,  and  B  D  equal  to  B  A,  that  the  angle  A  is  greater  than  the 
angle  C. 

129.  Prop.  The  line  drawn  perpendicularly  from  a  given  point  C, 
to  a  right  line  A  B,  as  C  D,  is  the  shortest  that  can  be  drawn  from 
C  on  A  B. 

Take  any  point  E  in  A  B,  and  join  C  E.  c 

Then  since  in  the  triangle  C  E  D,  C  D  E  is 
a  right  angle,  the  angle  C  E  D  is  less  than 
a  right  angle  (No.  127,  Cor.  1),  and  there- 
fore (No.  128)  C E  is  greater  than  CD. 

The    same   proof  applies  to  any   point  ( ^ 

whatever  taken  in  A  B.  a  b        ©  b 

Cor.    As    the   angle   C  E  D   is   acute, 
wherever  E  may  be  taken,  there  is  but  one  line  which  can  be  drawn 
perpendicular  to  A  B  from  C.      ^ 


38  INTBODUCTIOK. 

130.  Def.  a  Parallelogram  is  a  four-sided  figure  of  which  the 
opposite  sides  are  parallel. 

131.  The  opposite  sides  of  a  parallelogram,  as  A  B,  C  D,  are  equal ; 
also  the  opposite  angles  are  ec|ual ;  and  the  diameter^  or  diagonal, 
C  B  divides  it  into  two  equal  parts. 

Since  AB  and  CD  are  parallel,  and  CB 
meets  them,  tlie  alternate  angles  ABC  and 
BCD  are  equal  (No.  125).  Also,  since  A  C, 
B  D,  are  parallel,  and  B  C  meets  them,  the 
alternate  angles  A  C  B,  C  B  D  are  equal. 
Hence  the  two  triangles  ABC,  BCD  having 
two  angles  equal  in  each^  and  the  side  B  C  adjacent  to  them  com- 
mon, are  equal  (No.  1 18).  Hence  A  B  is  equal  to  C  D,  and  A  C  to 
B  D  ;  also  the  third  angle  A  to  the  third  angle  opposite,  D. 

Since  the  two  triangles  are  equal,  and  make  up  the  whole  figure, 
each  is  half  the  parallelogram,  or  C  B  bisects  A  D. 

132.  The  straight  lines  C  A,  BD  (fig.  No.  131)  which  join  the 
extremities  of  two  equal  and  parallel  lines  A  B,  C  D  are  themselves 
both  equal  and  parallel. 

The  triangles  ACB,  CBD,  having  the  two  sides  AB,  CD  equal, 
and  the  side  BC  common,  and  also  the  included  angles  ABC,  BCD 
equal,  are  equal ;  hence  A  C  and  B  D  are  equal. 

Again,  since  the  other  angles  are  equal,  ACB  and  CBD  are 
equal,  and  hence  A  C,  B  D  are  parallel. 

This  proTes  the  method  No.  93  ;  for  the  equal  distances  laid  off  from  C  and  B  perpendicular 
to  A  By  form  two  sides  of  a  parallelogram »  of  which  the  other  sides  also  axe  paralleL 
And  the  like  reasoning  applies  to  No.  94. 

133.  Parallelograms,  as  A  BCD,  A  BEF,  on  the  same  base  AB 
and  between  the  same  parallels  A  B,  C  F,  are  equal  to  each  other. 

Since  CD  and  EF  are  each  equal  c_ 
to  A  B,  they  are  equal  to  each  other. 
Add  to  each  D E,  then  CD,  D  E, 
are  equal  to  E  F,  D  E  (No.  112,  3), 
or  C  E  is  equal  to  D  F.  Also  A  C 
IS  equal  to  B  D,  and  A  E  to  B  F, 
nence  AC,  CE  are  equal  to  BD, 
DF,  and  the  angles  ACE,  BDF, 
are  equal,  because  AC  is  parallel  to  B  D  (No.  125).  Hence  the  tri- 
angle A  C;  E  is  equal  to  the  triano^le  BDF  (No.  117). 

Take  awav  the  triangle  ACE  from  the  whole  figure  A  B  C  F, 
and  the  remamder  is  A  E  F  B ;  again,  take  away  the  triangle  BDF 
from  the  same  figure,  and  the  remainder  is  A  B  C  D ;  therefore  since 
these  triangles  are  equal  the  remainders  are  equal  (No.  1 12, 4),  or  the 
parallelograms  ABCD,  ABEF  are  equal. 

Cor.  Parallelograms  on  equal  bases,  and  between  the  same 
parallels,  are  equal.  For  since  the  bases  are  equal,  either  of  them 
placed  on  the  other  will  coincide  with  it,  and  the  above  proof 
applies. 
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134.  A  Parallelogram  A  B  C  D  is  double  of  a  trian^e  A  B  E  on 
the  same  base,  A  B,  and  between  the  same  parallels,  A  B,  C  £. 

Draw  AF  parallel  to  BE,  then 
A  B  F  E  is  a  parallelogram,  and  it  is 
equal  to  ABC D  (No.  133).  Hence  the 
tnangle  ABE,  which  is  half  of  ABEF, 
is  equal  to  half  A  B  C  D,  or  the  paral- 
lelogram is  double  of  the  triangle. 

Cor.  Triangles  on  the  same  or  equal 
bases,  and  between  the  same  parallels 
are  equal.    For  parallelograms   under 
these  two  conditions  are,  by   No.  133,   and   Cor,,  equal,  and  the 
triangles  being  the  halves  of  equal  parallelograms,  are  equal. 

135.  Def.  a  Square  is  a  four-sided  figure  of  which  all  the  sides 
are  equal,  and  all  the  angles  right  angles. 

136.  Pkob.  To  describe  a  square,  A  E,  on  a  given  line,  A  B. 
Draw  A  C  perpendicular  to  A  B,  take  AD     « 

equal  to  AB,  and  through  D  draw  DE  parallel 

to  A  B ;  and  through  j§  draw  B  E  parallel  to 

A  D  (or  take  D  E  equal  to  A  B,  and  join  B  E). 

Then  A  D  E  B  is  a  parallelogram,  of  which  the 

opposite  sides,  being  equal,  are  each  equal  to 

A  B.     Also  since  D  E  is  parallel   to   A  B,  and 

AD  meets  them,  the  angles  EDA,  DAB,  are 

equal  to  two  right  angles,  and  since  A  is  a  right 

angle,  D  is  a  right  an^le,  and  the  opposite  angles  to  these  being 

equal  to  them  are  also  right  angles. 

137.  In  any  right-augled  triangle,  as  A  B  C,  the  square  BE, 
on  the  hypothenuse  B  C,  is  equal  to  the  sum  of  the  squares  G  B 
and  C I  on  the  other  two  sides. 

Draw  AKL  perpendicular  to  BC,  a 

or  parallel  to  B  D,  which  is  perpendicular 
to  B  C,  and  join  F  C  and  A  D. 

Then,  since  B  D  is  equal  to  B  C,  and 
FB  to  B  A  (No.  135),  the  two  sides  FB, 
B  C  are  equal  to  the  two  A  B,  B  D 
(No.  1 12,  3).  Also,  the  angles  A  B  D 
and  F  B  C  are  equal,  since  each  contains 
a  right  angle  and  the  common  angle 
ABC.  Hence  the  triangles  A  B D  and 
F  B  C  are  equal  (No.  117). 

Now  the  triangle  A  B  D  is  half  the 
parallelogram  B  L,  because  they  are  on 
the  same  base  BD,  and  between  the  same  parallels  BD,  AL 
(No.  I;J4).  Likewise  the  triangle  F  B  C  is  half  the  square  B  G, 
since  G  C  and  F  B  are  parallel.  Hence  the  parallelogram  B  L  and 
the  square  B  6  are  equal. 

In  like  manner,  by  joining  the  points  B,  H,  and  A,  E,  it  would 
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he.  proved  that  the  parallelogram  C  L  and  the  square  C I  im 
eqaal. 

Hence  the  sum  of  the  squares  B  G,  C  I,  is  equal  to  the  sum  of 
the  parallelograms  B  L,  C  L,  that  is,  to  the  square  B  E^ 

Hence  in  a  right-angled  triangle  if  we  have  two  sides  we  can 
always  find  the  third :  thus,  suppose  the  hyp.  is  100,  and  the  base 
64,  the  squares  of  these  are  10000,  and  4096;  the  diff.  of  these 
squares,  or  5904,  is  therefore  the  square  of  the  unknown  side,  which 
is  76-8. 

The  theorem  above  proret  that  the  triaagle  of  the  dimennona  m  No*  96  (I)  is  right-angled. 
For  3,  and  4,  aquared,  are  9  and  16,  and  the  aom  of  theae,  or  25,  ia  the  aqiiare  of  5,  the 
tJdrdaide. 

138.  The  perpendicular  on  the  extremity  of  the  radius  of  a  circle, 
as  A  T,  is  a  tangent  to  the  circle. 

Take  any  point  D  in  AT,  and  join 
C  D ;  then  since  CAD  is  a  right  angle, 
CD  A  is  less  than  a  right  angle  (No.  127), 
and  therefore  CD  is  greater  than  CA 
(No.  128)  or  falls  beyond  the  circum- 
ference, that  is,  A  T  touches  the  circle  at 
A  only. 

CoR.  As  only  one  line  can  be  perpen- 
dicular to  A  T  (No.  129),  the  centre  of  the  circle  must  be  in  the  line 
perpendicular  to  the  tangent. 

139.  The  angle  at  the  centre  of  a  circle,  as  A  C  B,  is  double  the 
angle  at  the  drcumference,  as  A  D  B»  both  angles  standing  on  the 
same  arc  A  B. 


Join  D  on  the  eircumferenee  and  C  the  centre,  and  produce  the 
Kne  DC  to  E;  then  the  exterior  an^le  ACE  of  the  triangle  ACD 
is  equal  to  the  sum  of  the  two  interior  and  opposite  angles  CAD, 
and  C  D  A  (No.  126).  But  C  A  D  is  equal  to  C  D  A,  because  C  A 
and  CD  being  equal,  ACD  is  an  isosceles  triangle  (No.  119>. 
Hence  A  C  E  at  the  centre  is  equal  to  twice  A  D  E  at  the  circum- 
ference. 

Again,  the  exterior  angle  B  C  E  of  the  triangle  B  C  D  is  equal  to 
the  sum  of  C  B  D  and  C  D  B.  But  these  angles  also  are  equal, 
because  C  B  and  C  D  beinp^  equal,  C  B  D  is  an  isosceles  triangle ; 
hence  BCE  at  the  centre  is  equal  to  twioe  BDE  at  the  circnm* 
fereneew 
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Now,  in  fig.  I  (where  the  diameter  of  the  circle  passes  clear  of 
the  arc  A  B),  A  C  B  is  the  difference  of  B  C  E  and  A  C  E,  and  is 
double  of  A  D  B,  the  difference  of  B  D  E  and  A  D  E. 

When  £  falls  on  AB,  as  in  fig.  2,  ACB  is  the  sum  of  ACE  and 
B  C  £,  and  is  double  the  sum  of  the  angles  A  D  E  and  B  D  £,  or 
the  an^le  A  D  B. 

140.  The  angle  at  the  circnmferenee  is  measared  bv  half  the  arc 
subtending  it  (fig.  No.  139). 

As  A  C  B  at  the  centre  is  measured  by  the  arc  A  B,  it  is  evident 
that  ADB  at  the  circumference  (which,  by  the  prop,  is  half  ACB) 
18  measured  by  half  A  B.  Thus,  if  A  B  is  58%  the  anrfe  ADB  will 
be  29^,  for  any  point  of  the  circumference  at  which  D  may  fall, 
except  between  A  and  B. 

TUs  prores  the  meChod  No.  100,  for,  sinoe  C  A,  AI  (supposing  A,  I,  and  B,  I,  joined) 
•reeaiudtDCB,  BI,  and  C I  common,  the  trian^es  CAI,  CBI  are  equal,— hence  AC  I 
and  I C  B  are  equal ;  each  therefore  is  half  of  A  C  B,  and  is  measured  by  half  the  are  A  B. 

141.  The  angle  in  a  semicircle  is  a  right  angle. 

If  the  arc  A  J3  increases  to  a  semicircle,  A  moving  to  E  and  B 
to  D,  A  C  and  C  B  (fig.  1,  prop.  139)  falling  into  the  same  line,  form 
a  diameter,  the  an^Ie  ACB  becomes  two  right  angles  or  180^,  and 
then  A  D  B,  or  hiuf  A  C  B,  is  9QP,  Hence  the  angle  in  a  semicircle 
18  a  right  angle. 

This  theorem  proves  the  method  No.  96  (2),  Ibr  since  I K  is  a  diameter,  the  angle  at  M, 
a  point  on  the  drcnmference,  is  the  ang^  in  a  semicircle. 

142.  The  angle  in  a  segment  greater  than  a  semicircle  is  less 
than  a  right  angle. 

The  segment  B  A  C  of  the  circle  being 
greater  than  a  semicircle,  the  other  segment 
B  D  0  must  be  less  than  a  semicircle ;  and  the 
angle  B  A  C  in  the  greater  s^ment  being 
measured  by  half  the  arc  B  D  C,  that  is,  by  a 
ooantity  less  than  half  ISO^'  (No.  140),  is  less 
tnan  a  right  angle. 

143.  The  anele  in  a  segment  less  than  a  semicircle  is  greater 
than  a  right  angle. 

The  segment  B  A  C  being  less  than  a  semi- 
circle, the  segment  B  D  C  must  be  greater  than 
a  semicircle,  and  therefore  the  angle  BAC, 
which  is  measured  by  half  B  D  C  (No.  140)  is 
greater  than  half  two  right  angles  or  than  one 
right  angle. 

144.  A  line,  C  D,  drawn  from  the  centre  of  a  circle  bisecting 
toy  chord  A  B,  is  perpendicular  to  the  chord. 
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Join  C  A,  C  B,  then  C  A  and  C  B  are  equal 
by  the  def.  of  a  circle  (No,  74).  Also  A  D  and 
D  B  are  equal,  each  being  half  of  A  B,  and  C  D 
is  common  to  the  two  triangles  CAD,  C  B  D. 
These  triangles,  therefore,  having  their  three 
sides  equal,  are  equal ;  hence  the  equal  angles 
C  D  A,  C  D  B,  opposite  the  equal  sides  C  A,  U  B, 
being  adjacent  angles,  are  right  angles. 

Cor.  The  line  from  the  centre  bisecting  the  chord  bisects  the  arc 
A  B.  For  since  the  two  triangles,  as  above,  are  equal,  the  angles 
A  CD  and  BC  D,  opposite  the  equal  sides  AD,  DB,  are  equal,  and 
being  at  the  centre  are  measured  by  the  arcs  on  which  they  stand. 

The  above  propositioii  is  the  principle  of  the  method  of  finding^  the  centre  of  a  ciicle, 
No.  102. 

145.  Triangles  having  the  same  altitude  are  proportional  to  their 
bases. 

The  altitude  is  the  perpendicular  distance  of  the  vertex,  or  summit, 
from  the  base. 


■ 

Let  the  base  B  C  of  the  triangle  A  B  C  be  divided  into  any  num- 
ber of  equal  parts,  as  three,  B^,  ^A,  AC,  and  EF  the  base  of  the 
triangle  D  E  F,  into  four  like  parts,  Et,  iA,  hl^  /F,  then  BC  is  to 
EF  as  3  to  4. 

Join  the  points  A^,  A  A,  and  D  t,  D  A,  D  /.  Then  the  triangles 
ABy,  A^A,  A  AC,  and  DEi,  DiA,  DA/,  D/F  are  all  equal, 
being  on  equal  bases,  and  having  the  same  altitude  (No.  134,  Cor.) 

Hence  the  triangle  ABC  contains  three  parts,  of  which  DEF 
contains  four,  and,  therefore  ABC:DEF::3:4,  which  is  the 
ratio  of  the  bases.* 

146.  A  line  D  E  parallel  to  a  side  B  C  of  a  triangle  ABC 
divides  the  sides  A  B,  AC,  in  the  same  proportion,  that  is,  A D 
:  AB::  AE:  AC. 


*  If  it  be  impoBsible  to  find  a  quantity,  or  measure,  B^,  which  shaU  divide  B  C  and  B  F 
into  an  exact  number  of  equal  parts,  as  3  and  4  above  (that  is,  when  B  C  and  E  F  are  said  to 
be  incommensurable)  we  must  take  a  smaller  quantity,  and  a  greater  number  of  triangles ; 
and  by  taking  this  measure  sufficiently  small  we  may  make  the  error  of  using  it  instead  of 
the  true  proportion  as  small  as  we  please. 


Join  B  E,  C  D.    Then  the  triangles  B  D  E,  ^ 

C  D  E  on  the  same  base  D  E,  and  between  the 
same  parallels  D  E,  B  C,  are  equal  (No.  134,  Cor.) 
Add  to  each  the  triangle  A  D  E,  then  the  whole 
triangle  A  B  E  is  equal  to  the  triangle  ADC 
(No.  1 14,  3).  Hence  the  triangle  A  BE  :  A  B  C 
::  ADC:  ABC. 

Now  triangle  ABE:  triangle  ABC  : :  base 
A  E  :  base  A  C,  since  they  have  the  same  altitude,  viz.  the  perpen- 
dicular drawn  from  B  on  A  C  or  A  C  produced  (No.  146).     Also, 

triangle  ADC:  triangle  ABC::  base  A  D  :  base  A  B, 
And  the  triangle  A  BE  is  equal  to  the  triangle  ADC,  hence  the 
two  proportions  are  the  same,  and  A  E  :  A  C  : :  A  D  :  A  B. 

In  like  manner,  as  the  triangles  A  D  E,  E  D  B,  have  the  same 
altitdde,  viz.  the  perpendicular  drawn  from  E  on  A  B,  we  have 
trianele  A  D  E  :  triangle  E  D  B  : :  A  D  :  D  B. 

Also  since  tne  triangles  A  D  E,  E  D  C  have  the  same  altitude, 
viz.  the  perpendicular  from  D  on  A  C, 

triangle  A  D  E  :  triangle  E  D  C  : :  A  E  :  E  C. 

But  the  triang'les  E  D  C  and  E  D  B  are  equal,  hence 

AD:DB::  AE:EC. 

This  proof  applies  to  the  sector.  The  line  of  lines  on  each  leg  is  the  side  of  an  isosceles 
triangle,  and  the  transverse  distances  1,1,  2,2,  &c.,  are  the  bases  of  so  many  isosceles  tri- 
angle ;  the  angles  at  these  bases  being  eqnal,  the  bases  are  parallel,  and  the  sides  of  tho 
several  triangles  so  formed  are  proportionaL 

147.  Dep.  Similar  triangles  are  such  as  have  the  sides  about  the 
equal  angles  proportional. 

148.  Equiangular  triangles,  as  ABC,  DEF,  have  the  cor- 
responding sides  about  the  equal  angles  proportional,  that  ua, 
AB:  AC::  DE:DF. 

Let  the  angles  A  and  D  be  equal,  as  also  B 
and  E,  C  and  F.  -*  n. 

Place  the   triangle   DEF   on   ABC,   D      K                \ 
being  placed  on  A,  and  D  E  on  A  B,  and  let      I   \           j     \ 
G  be  the  jwint  where  E  falls.  4 A"      1 \ 

Then  since  the  angles  A  and  D  are  equal,     (  \ 

and  D  E  is  on  A  B,  D  F  will  fall  on  A  C ;  let,     I  \ 

therefore,  H  be  the  point  where  F  falls.    Then   J^ \ 

since  A  (}  H  is  equal  to  E,  and  B  to  E,  A  G  H 
is  equal  to  B,  and  the  lines  G  H  and  B  C,  which  make  equal  angles 
with  A  B,  are  therefore  parallel.     Hence,  by  No.  146,  AB  :  AC 
: :  D  E  :  D  F. 

CoR.  Hence  equiangular  triangles  are  similar  (No.  147.) 

149.  In  a  right-aneled  triangle  ABC,  a  line  BD  drawn  from 
the  right  angle  perpendicular  to  the  hypothenuse,  divides  the  triangle 
into  two  similar  triangles  A  B  D,  B  D  C. 


44 


INTRODUCTION. 


The  triangles  ABC^  ADB,  haying 
each  a  right  angle,  and  the  angle  A  common, 
haye  the  third  angle  also  equal  (No.  127), 
they  are,  therefore,  equiangular. 

For  the  like  reasons  ABC  and  B  D  C 
are  equiangular;    therefore    the   two   tri- 
angles ABD,  BDC,  are  equiangular,  and  the  sides  about  the  equal 
autcles  arc  proportional  (No.  148).     Hence 

(1)  AC:  AB  ::  AB:  AD. 

(2)  AC:CB  ::CB  :CD. 

(3)  AB:  AD::BC  :BD.* 


2.  Terms  of  Trigonometry. 

150.  These  terms  occur  in  all  calculations  in  which  lines  and 
angles  are  concerned. 


161.  PNC  is  a  right-angled  triangle;  a  quadrant  is  described 
with  the  radius  C  P,  from  the  centre  C ;  C  N  and  C  P  ape  produced, 
and  A  T  is  drawn  parallel  to  P  N. 

152.  The  perpendicular  P  N,  drawn  from  the  extremity  of  the  arc 
A  P,  upon  the  radius  C  A,  is  called  the  sine  of  the  angle  P  C  A  (to 
which  it  is  opposite). 

When  the  arc  is  Terj  smalli  or  P  very  near  A,  P  N  and  A  P,  or  the  arc  and  sine,  nearly 
oofaidde.  When  the  arc  is  0,  the  sine  is  0.  When  the  arc  is  90^,  P  falls  at  B,  or  the  sine 
of  9<P  is  equal  to  the  radius.  Thus  the  line  is  always  less  than  the  radius,  though  near  90° 
it  becomes  very  nearly  equal  to  it. 

153.  The  line  C  N,  between  the  centre  and  the  foot  of  the  sine, 
is  called  the  cosine  of  P  C  A  (to  which  it  is  a^acent).  It  is  called 
cosine  because  its  equal  P  n,  is  the  sine  of  P  CTn,  the  complement  of 
PCN. 

When  the  arc  is  small,  N  falls  near  A,  and  C  N  fiJls  nearly  on  C  A,  or  the  cosine  of  a 
small  arc  is  nearly  equal  to  the  radius ;  for  the  arc  0,  they  are  equal.  When  the  arc  is  near 
90°,  the  cosine  is  very  smaU ;  and  the  cosine  of  90°  is  0.  Thus  the  cosine  is  always  less 
than  the  radius,  though  it  may  approach  indefinitely  near  to  it. 


*  By  (1)  AC  K  AD»A  B  x  AB,  or,  as  it  is  written,  A  B*,  and  read  A  B  square ;  and  hy 
(2),  A  C  X  C  DbC  B' ;  hence  the  products  ACxADandACxCDare  togdher  equal  to 
A  B  square  and  B  C  square.  But  A  C  x  A  D  and  A  C  x  C  D,  is  the  same  as  A  C  x  A  D  and 
CD,  orasACxAC,  which  is  called  A  C  square ;  hence  A  C  square  is  eaual  to  A  B  square 
and  B  C  square.  The  term  square  here  denotes  the  number  of  units  (in  toe  line)  multiplied 
by  itself;  thus,  if  A  B  is  3,  A  B*  is  9,  and  this  is  the  number  of  square  units  contained  in 
the  square  described  on  A  B.     Hence  this  is  another  form  of  the  propos.  in  No.  137. 
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154.  The  line  A  T,  drawn  from  the  extremity  of  one  radius  (as 
C  A),  touching  the  circle,  and  meeting  the  other  radius  produced,  is 
called  the  tanyent  of  the  angle  P  C  A,  or  arc  P  A. 

Wlien  the  arc  ii  small,  AT  but  little  ezoeeda  P  N ;  when  the  are  is  0  the  tangent  is  0 ; 
when  the  arc  is  small,  the  tmgent  and  sine  may  be  taken  for  eadi  other,  and  for  the  arc. 
When  the  arc  is  90^,  the  tangent  is  mfinitdy  great.  The  tangent  is  less  than  the  radius, 
according  as  the  angle  is  less  or  greater  than  45^. 

The  cotangent  is  the  tangent  of  P  C  n,  which  is  the  complement 
of  PC  N,  and  would  be  drawn  from  the  extremity  of  the  radius  C  B, 
meeting  C  P  produced. 

155.  The  line  C  T  meeting  the  tangent,  is  called  the  secant. 
The  cosecant  is  the  secant  of  P  C  n,  and  meets  the  cotangent. 

When  the  arc  is  0,  the  secant  is  equal  to  the  radius.  When  the  arc  is  90°,  the  secant  is 
nifinitel J  great.    The  secant  is  always  greater  than  the  radius,  as  is  also  the  cosecant. 

156.  The  line  A  If  is  called  the  versed  sine. 

157.  These  quantities  are  calculated  for  a  radius  of  the  same 
constant  length,  and  to  each  minute  or  smaller  division  of  the  (]^uad- 
rant,  and  are  inserted  in  Tables.  Then,  since  the  sides  of  all  nght- 
angled  triangles  having  the  same  angles  are  proportional  (No.  148), 
the  tables  afiord  the  means  of  finding  the  relations  among  the  parts 
of  a  right-angled  triangle,  of  any  Kind  or  dimensions,  by  simple 
proportion.  F'or  example,  the  sine  of  30^  is  \  the  rad.  (see  No.  159, 
Cor.),  or  0-6,  the  log.  of  which,  by  No.  58  (2),  is  9-698970,  as  inserted 
in  Table  68. 

These  are  the  principles  on  which  the  Traverse  Tables  and  the 
Trigonometrical  Tables  are  constructed. 


3.  Propositions  of  Trigonometry^ 

4 

158.  The  sine  of  an  arc  is  half  the  chord  of  twice  the  are« 
Take  the  arcs  A  P,  A  Q  equfd  to  each  other, 

and  join  P  Q.  Then  the  angles  P  C  A,  ACQ 
are  e^ual  (No.  82).  And  since  C  Pa=C  Q,  and 
CM  IS  common  to  the  two  triangles  CPM, 
CQM,  these  triangles  are  equal  (No.  117);  hence 
PM=MQ;  therefore  PM,  the  sine  of  AP,  is 
half  P  Q,  the  chord  of  twice  A  P. 

159.  The  chord  of  60^  is  equal  to  the  radius. 
Let  A  P  and  A  Q  (fig.  No.  158)  be  each  30®,  then  the  arc  P  Q 

is  60® ;  and  since  the  three  angles  of  the  triangle  P  C  Q  are  equal  to 
180^  (No.  127),  C  P  Q  and  C  Q  P  arer  together  eaual  to  120®.  Also, 
since  CP=CQ,  these  two  angles  are  equal  (No.  119),  and  each, 
therefore,  is  60®.  The  triangle  is,  therefore,  equiangular,  and  con- 
sequently, equilateral,  No.  120.     Hence  PQ=C  P. 

Cob.  Since  P  M  is  half  P  Q,  it  is  equal  to  half  C  P ;  or  the  sine 
of  30®t  which  i»  the  cosine  of  60**,  is  half  the  radius. 
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160.  The  secant  of  60^  is  equal  to  twice  the  radius. 
Since  P  N  and  AT  are  both  perpendicular  to  C  A, 

they  are  parallel  (No.  124)^  and  the  triangles  C  P  N, 
CT  A,  are  similar  (No.  148),  hence 

C  T  :  C  P  : :  C  A  :  C  N,  that  is,  as  rad.  :  cos. 
fiO^,  or  as  1  to  ^^  that  is,  as  2  :  1 . 

161.  The  tangent  of  45®  is  equal  to  the  radius. 
Let  P  C  A  (fig.  No.  160)  be  45^  then  C  T  A  is  also 

45®  (No.  127),  hence  the  triangle  is  isosceles  and  the 
sides  C  A,  A  T  are  equal. 

Cor.  Hence  also,  by  similar  triangles,  C  N=N  P,  or  the  sine  and 
COS.  of  46^  are  equal ;  as  are  also  the  tangent  and  cotangent. 

4.   Constructing  the  Canons^  and  working  them  by  Logarithms. 

162.  Take  a  right-angled  triangle,  as  A  B  C,  and  suppose  another 
similar  to  it,  as  P  N  C,  drawn  in  a  quadrant,  as  in  No.  151 ;  then 

CA:  AB::CPrPN; 
that  is,  C  A  :  A  B  : :  rad.  :  sin.  C  (by  152). 
The  second  triangle,  PNC,  is,  in  fact, 
here  referred  to  for  illustration  only ;  for  it 
is  evident,  without  it,  that  C  A  and  A  B 
themselves  stand  in  the  same  relation  to 
each  other  as  that  of  radius  and 
hence 

CA : AB : 

CA  :  CB  : 
CB : BA : 

CB  :  CA  : 


sine; 


By  No.  152. 
By  No.  153. 
By  No.  154. 
By  No.  156. 


c 

rad. 

:  sin. 

C. 

rad. 

:  cos. 

C. 

rad. 

:  tan. 

C. 

rad. 

:  sec. 

C. 

(1.) 

(2.) 
(3.) 
(4.)* 


163.  It  is  easy  to  recollect  these  analogies,  each  of  which  begins 
with  two  sides,  by  observing  these  conditions. 

1.  One  of  the  three  sides  must  be  made  radius,  and  the  analogy 
always  begins  with  that  side. 

2.  The  other  sides  will  then  become  sine,  cosine,  tangent,  cotan- 
gent, secant,  or  cosecant,  of  one  or  the  other  of  the  two  acute  angles. 

The  figures  below  sufficiently  illustrate  the  application  of  the 
terms. 


*  The  learner  wfll  mndi  more  speedily  apprehend  the  porposea  which  the  ezpresaiona  of 
trigonometry  answer  in  the  sciences  of  calculation  by  considering  these  proportions  as  i^re- 
senting  the  change  of  quantities  in  a  certain  ratio,  as  in  No.  48  (3).  Thus  A  B  is  C  A 
diminished  in  the  ratio  of  the  sine  of  C  to  1 ;  C  B  in  that  of  cosine  to  1.  A  B  is  also  C  B 
dtminished  or  increased  in  the  ratio  of  tan.  to  1»  acooi^dling  as  C  is  less  or  greater  than  45®; 
and  C  A  is  C  B  increased  in  the  ratio  of  secant  to  1. 
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To  employ  rightly  the  terms  sine^  cosine,  &c.,  observe — 

3.  That  when  the  hvpot/ieiiuse,  or  longest  side  (which  is  opposite 
the  right  angle),  is  made  the  radius, 

The  side  opposite  either  of  the  acute  angles  is  the  sine  of  that 
angle ;  and  tne  side  adjacent  to  either  angle  is  the  cosine  of  that 
angle. 

4.  When  either  of  the  sides  containing  the  right  angle  (or 
legs,*  as  they  are  called),  is  made  radius,  the  other  side  becomes  the 
tangent  of  the  angle  opposite  to  it ;  and  the  hypothenuse  becomes  the 
secant  of  that  angle  which  is  contained  or  included  between  itseff  and 
the  radius. 

The  learner  should  be  able  to  construct  the  above  analogies 
(which  he  will  find  very  easy)  before  he  proceeds  to  the  solution  of 
any  question,  without  regard  to  what  is  given  or  what  is  not  given. 

164.  We  now  proceed  to  the  calculation  of  a  problem.  The 
above  analogies  or  proportions  consist  of  four  terms  each.  Hence, 
if  three  are  given,  the  fourth  may  be  found  (No.  46).  But  the  radius 
is  assumed  in  the  trigonometrical  tables  as  1  (which  is  the  simplest 
of  numbers),  and  hence,  of  the  three  remaining  terms,  if  two  are 
given,  the  third  may  be  found. 

Hence,  in  any  right-angled  triangle,  consisting  of  three  sides  and 
two  angles  besides  the  right  angle,  if  two  parts  wnich  enter  into  any 
one  of  the  above  analogies  are  given,  the  third  term  of  that  analogy 
may  be  found. 

165.  The  proportions  may  be  solved  by  multiplication  and  divi- 
sion; thus,  suppose,  CA  (fig.  No.  162)  measures  37  feet,  and  the 
angle  C  is  29°  62',  and  we  want  to  find  A  B. 

We  have  by  No.  162  (1),    C  A  :  A  B  : :  1  :  sin.  C, 

whence  (No.  46)  A  B=(3  A  x  sin.  C  (the  1  not  being  written). 

Now  the  sine  of  29®  52',  given  in  tables  of  natural  sines  (of  which 
the  logs,  are  given  in  Table  68)  is  0*498  nearly,  hence  AB=37  x  0*498 
=  18-426. 

But  in  order  to  save  such  tedious  processes,  logarithms  are  em- 
ployed in  the  manner  described,  Nos.  64  and  65.  Thus,  A  Bs=37 
xsin.  C,  becomes  log.  of  A  Bslog.  of  37 -h  log.  sin.  C. 

Again,  if  C  A  were  required,  and  A  B  given,  we  should  have 
C  A= A  B  X  1-s-sin.  C  ;  or,  (suppressing  the  1). 

log.  C  Asclog.  A  B— log.  sin.  C. 

The  following  rules  are  deduced  from  these  principles. 

The  learner  will  do  well  to  verify  all  his  work  by  the  Traverse 
Tables.  This  proceeding  is  described  in  the  explanation  to  the 
Traverse  Tables. 

166.  The  rule  for  working  any  analogy  by  logarithms  is  very 
simple,  and  there  are  but  two  cases:  1.  In  wnich  it  is  required  to 
find  one  of  the  mean  terms ;  and,  2.  In  which  it  is  required  to  find 
one  of  the  extreme  terms. 

*  The  two  legB  are  also  called  the  date  9nA  perptndicular  (No.  89).  These  terms,  being 
ttsoally  ghren  to  the  aides  which  are  horizontal  and  vertical,  aa  the  reader  holds  the  figure 
before  him,  are  employed  entirelj  at  conTenience. 
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(1.)  To  find  a  mean  term.  Add  together  the  logarithms  of  the 
two  extremes,  and  subtract  from  the  sum  the  logarithm  of  the  other 
mean.    The  remainder  is  the  logarithm  of  the  term  required. 

(2.)  To  find  an  extreme  term.  Add  together  the  logarithms  of 
the  two  means,  and  subtract  from  the  sum  the  logarithm  of  the  other 
extreme.    The  remainder  is  the  logarithm  of  the  term  required.* 

Note. — ^The  log.  of  the  radius  (as  employed  in  the  analogies)  is 
10,  this  being  used  for  convenience,  as  stated  at  p.  19,  note  +. 

Case  I.  Giyen  the  angles  and  the  hypothenuse,  to  find  the  two 
sides. 

Ex.  B  is  the  right  angle.  The  angle  A  is  50^  (wnenoe  C  ia  40%  becanae  the  two  acate 
angles  are  together  90^  (See  No.  127,  Cor.)  C  A  is  28  feet.  It  is  required  to  find  B  C 
udBA. 

We  must  emploj  two  sides,  and  one  of  them  must  be  the  wiknown,  or  required  side : 


to  find  CB, 
we  must  take  C  A  and  C  B. 

A 


C  •  B 

If  C  A,  the  hypothemisei  be  radios,  C  B 
becomes  the  sine  of  A  (No.  163),  hence 

CA  :  CB  ::  rad.  I  sb.  A; 

in  which  CB,  a  mean  term,  is  required. 
Hence,  by  No.  166  (1),  we  have  to  add  the 
logs,  of  C  A  and  sin.  A,  and  subtract  the 
log.  10. 


CA28 
A     so« 


log.  rtab.  64^     1*4471 
log.  sin.  (Ub.  6S)    9-884^ 

log.  1 1*3315 
snb.  10* 

CB«-ii*4  log.    1*3315 

We  might  have  used  C  B  as  cos.  C, 
thatis,  CA  :  CB  ::  rad.  :  cos.  C, 
otherwise  C B  :  C A  ::  rad.  :  see.  C. 


to  find  AB, 
we  must  take  C  A  and  A  B. 

A 


C  B 

If  C  A,  the  hypothenuse,  be  radina,  A  B 
baoomes  the  cosine  of  A  (No.  163). 

CA  :  AB  ::  rad.  :  cos.  A; 
in  ^Hiicfa  AB,  a  mean  term,  is  required. 
Hence,  by  No.  166  (1),  we  hawe  to  add  the 
logs,  of  CA  and  cos.  A,  and  aubtract  the 
log.  xo. 


CA18 
A     50*= 


log.  (tab.  64^     I- 
log.  cos.  (tab.  68)    9* 


447a 
8081 


log.  11*2553 
sub.  10* 

AB«-i8*o  log.    1*2553 

We  might  hsTc  used  AB  as  sin.  C, 
thatis,  CA  :  AB  ::  rad.  :  sin.  C, 
otherwise  AB  :  AC  ::  rad.  :  sec.  A. 


*  It  is  necessary  to  remark  here  that  the  process  above  differs  from  that  followed  by 
seamen  in  general,  the  object  of  which  is  simply  that  the  required  quantity  may  stand  last. 
The  example  in  Case  III.  by  that  method  stands  thus : 


To  find  the  Angles. 

As  the  hypoth.  A  B 

Is  to  radius 

So  is  the  perp.  AC 


To  sine  of  angle  B  27^  33' 
Hence,  A  is  62°  27'. 


2-3430 

lO'OOOO 

2*0082 

12*0082 

a'3430 
9*6652 


To  find  the  side  B  C. 

As  rad. 

Is  to  hypoth.  A  B 
So  is  sin.  A 


lO'OCOO 

2*3430 
9-9478 


To  BC  195*4 


12*3908 
10*0000 

2*2908 


Now  the  method  proposed  is  more  natural  than  this  last ;  because,  when  the  two  sides 
are  taken  together,  their  trigonometrical  relation  to  each  other  is  immediately  perceived, 
which,  when  they  are  separateMi,  is  not  so  apparent.  Again,  since  the  term  sine,  or  cosine, 
i§  determined  altogether  by  that  side  which  we  make  radius,  these  terms  should,  according  to 
the  natural  progresa  of  ideaa,  immediately  foUow  the  term  radius.  The  method  followed  is 
also  shorter  and  more  elegant.    Moreover,  the  method  just  quoted,  not  being  employed  in 
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Case  II.  CHven  the  angles  and  one  leg,  to  find  the  hypothenase 
and  the  other  leg. 

Ez.CiB90*'.    Angle  A  is  30P  14',  hence  Bis  59^  46'.    BCisiyi.     Find  AB  and  AC 


To  find  AB. 

TUwthetwo  sides,  AB,  BC,  make  AB 
{the  hypothennse)  radius ;  then,  No.  163. 

B 


A  C 

AB  :  BC  ::  nd.  :  sin.  A; 
in  which  A  B,  an  extreme  term,  is  required. 
Hence,  by  No.  166  (2),  we  have    to   add 
the  logs,  of  B  C  and  rad.,  and  sabtract  the 
■og.  of  sin.  A.* 

BC171  log.  +  10,  12*1330 

A  30**  14'  log.  sine    —9*7020 

A  B  a  339*6  log.    2*5310 


To  find  A  C. 

Take  two  sides,  AC,   C B,    make  L  C 
radius;  then,  by  No.  163  (3). 

B 


A  •  C 

AC  :  CB  ::  rpil.  :  tan.  A; 

in  which  A  C,  an  extreme  term,  is  reqnired. 
Hence,  by  No.  166  (2). 

C  B  171  log.  +  10,  12*2330 

A  30°  14'  log.  tan.  —  9*7655 

AC-293*4  log.    2*4675 


This  might,  like  Case  I.,  be  worked  differently.  Thus,  to  find 
A  B,  we  may  make  B  C  radius ;  then  A  B  :  B  C  : :  rad.  :  cos.  B. 
Again,  to  find  A  C ;  making  B  C  radius,  we  have  A  C  :  C  B  : :  rad. 
:  tan.  B. 

We  might  also,  having  found  one  of  the  unknown  quantities, 
employ  this  quantity  as  a  means  of  finding  the  rest ;  but  in  general 
it  is  better,  when  practicable,  to  depend  only  on  the  original  quanti- 
ties given. 

Case  III.  Given  the  hypothennse  and  one  leg,  to  find  the  angles 
and  the  other  leg. 

Ex.  Ang^  C  18  90^,  B  A«220*3,  A  C*  101*9  $  ^^  ^®  vn^  B,  and  then  B  C. 


To  find  B. 
Taking  the  two  giTen  sides,  we  hare 


B  C 

BA  :  AC  ::  rad.  :  SU&.B; 

in  which  sin.  B,  an  extreme  term,  is  required. 

A  C  101*9  log.  +  10,  12*0082 

B  A  2»o*3  log,— 2*3430 

8-2/*  33' 
HenceA»62  27 


sin.    9*6652 


To  find  B  C. 
Taking  the  two  sides,  B  C,  C  A,  we  hare 


BC  :  CA  ::  rad.  I  tan.  B; 
in  which  B  C,  an  extreme  term,  is  required. 
CA  loi'p  log. 4*  10,  12*0082 


B  a7°  33' 


log.  tan.— 9*7174 
log. 


BC— 195*4  log.     2*2908 

(Here,  in  computing  by  the  canons,  we 
are  obliged  to  employ  B,  as  found.) 


any  other  scientific  process,  every  seaman  who  may  require  to  extend  his  scientific  knowledge 
of  these  subjects  will  hare  to  unlearn  it  and  to  adopt  the  other.  The  rules  laid  down  above 
win  be  fomnd,  after  very  little  practice,  simpler  and  more  intelligible,  and  therefore  easier  to 
recollect,  than  those  of  the  old  method. 

*  Instead  of  mblractmg  the  log.  sine,  cosine,  and  tangent,  it  is  the  same  thing  to  add 
the  log.  cosecant,  secant,  and  cotangent,  because  these  last  are  the  arithmetical  complements 
of  tibe  first.    We  have  omitted  this  in  the  examples,  to  avoid  confusing  the  learner. 
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Case  .IV.  Given  the  two  legs,  to  find  thehypothennseand  the 
angles. 

Ex.  The  angle  C  (fig.  in  Case  III.,  only  marking  B  C  as  given  instead  of  B  A)  is  90®, 
BC»i9S'4i  C  A->ioi*9i  find  B  A  and  the  angle  A. 

To  find  angle  A. 

AC  :  BC  ::  rad.  :  tan.  A. 

Hence,  by  No.  166  (2), 

BC  195*4  log. +  10,  12*2909 

A  C  101*9  log.— 2*0082 

A" 62®  27'  log.  tan.  10*2827 

and  B»2'*   33 


To  find  B  A. 

Making  B  C  radius,  B  A  wOl  become  tlie 
secant  of  B ;  hence, 

BC  :  BA  ::  nd.  :  secB. 

Hence,  by  No.  166  (1), 
B  C  i95'4  log.    2*1908 

B    27®  33'  log.  sec.  10*0523 

BA»22o-3  log.    2*3431 

As  10  is  to  be  subtracted  it  is  omitted  in 
the  index  12. 

Ex.  1.  The  hypothennse  A  C  is  144,  the  angle  A  39^  22',  whence  C  is  50^  38',  required  AB 
andBC.  Ans.  A  Bis  111*3,  and  BC  91  5. 

Ex.  2.  The  hypoth.  A  C  250,  the  angle  C «-  3 5^  30' ;  find  C  B  and  A  B. 

Ans.  CBa203*5,  AB-"  145*2. 

Ex.  3.  The  perp.  B  G  »  360,  the  angle  A  opponte  58^  20' ;  required  the  base  and  hypothenuse 
AC  Ans.  A  B<*  222,  A  Co  423. 

Ex.  4.  Given  the  base  AB  208,  and  angle  A  35^  16'  |  find  the  hypoth.  A  C  and  the  perpend. 
BC.  Ans.  ACb254*8,  BCai47-i. 

Ex.  5.  Given  the  hypoth.  A  C  272,  and  base  AB  232,  to  find  the  angles  A  and  C,  and  B  C. 

Ans.  A-3i°  28',  C-58°  32',  BCai42. 

Ex.  6.  Given  the  hypoth.  C  A  980,  and  base  B  C  720,  required  the  angles  and  remaining  leg. 

Ans.  A  47**  17',  C  42°  43',  AB  664*8. 


VI.  Methods  op  Solution.* 

167.  The  solation  of  a  question  in  which  the  result  is  required  in 
numbers  is  obtained  in  three  ways,  namely,  1.  Inspection;  2.  Cal- 
culation or  Computation ;  3.  Construction. 

(I.)  Inspection  usually  implies  taking  out,  ready  calculated,  from 
a  table,  the  result  corresponding  to  the  elements  of  the  particular 
question  proposed.  The  term  has,  however,  a  more  general  accepta- 
tion, being  applied  to  the  taking  out,  not  merely  of  the  result  itself, 
but  of  quantities  which  compose  it. 

This  method  being  easy  and  expeditious,  is  the  best  for  general 
practice  when  precision  is  not  required ;  but  as  the  tables  adapted  to 
this  kind  of  solution  are  necessarily  limited,  it  is,  on  many  occasions, 
not  sufficient. 

(2.)  The  general  term  Computation  may  be  applied  to  every 
mode  of  solution  by  the  composition  of  numbers  only.  Since,  how- 
ever. Inspection  includes  the  simplest  cases  of  this  kind,  namely, 
those  in  which  either  the  required  quantity  itself,  or  the  parts  com- 


*  The  matter  in  this  section  is,  from  its  nature,  adapted  only  to  the  reader  who  has  made 
some  progress  in  tlie  subject. 
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posmg  it,  are  taken  from  tables,  the  term  Computation  will  be  em- 
ployed in  other  cases,  and  always  when  precision  is  required  and 
logarithms  are  concerned.* 

(3.)  Construction  implies  (in  our  present  subject)  drawmg  a 
figure  of  the  actual  case  on  a  convenient  scale,  and  in  the  proper 
proportions,  the  number  of  parts  contained  in  the  quantity  required 
to  be  measured  being  taken  from  a  scale  adapted  to  the  purpose. 

This  process  is  tedious,  and  not,  in  general,' capable  of  much  pre- 
cision, but  it  is  the  most  readily  intelligible  of  the  three  methods,  and 
is,  therefore,  the  least  open  to  mistake.  The  seaman  should,  accord- 
ingly, be  able  to  produce  a  figure  of  evecy  case  that  admits  one,  and 
should  acquire  the  habit  of  referring  to  the  figure,  in  the  mind,  as 
the  only  real  security  against  mistakes  in  his  work. 

The  figure  or  natural  representation  of  the  case  is,  moreoTor,  the 
foundation  of  the  mathematical  treatment  of  the  question. 

1 .  Limits  of  Methods  or  Observations. 

168.  In  eyery  process  of  calculation,  the  elements  which  enter 
into  it,  and  which  are  either  observed  at  the  time  by  instruments,  or 
taken  from  tables,  are  liable  to  error.  Every  result,  therefore,  is,  to 
some  extent,  uncertain ;  but  the  am&ant  of  error  of  the  final  result 

*  Solntioiis  of  this  kind  are  usually  divided  into  '<  rigoroos"  and  ''  approximate/'  or 
indirect,  as  the  latter  are  also  called.  In  aU  solutions,  however,  we  either  deal  directly  with 
the  quantities  themselves,  as  arcs,  angles,  &c.,  in  their  entire  or  integral  state,  or  we  com- 
pute a  difference  from  a  certain  value  assumed  or  given,  and  thence  find  the  required  quan- 
tity. This  last  process  is  indirect,  but  the  former  may  be  effected  indirectly  also.  The 
terms  Integral  and  Differential  would  then,  it  is  presumed,  be  more  satisfactory,  for  the 
degree  of  approximation  obtained  is  altogether  beside  the  question  of  the  character  of  the 
solution.  We  do  not,  however,  on  the  present  occasion,  depart  from  the  usual  terms.  Wu 
shall  merely  add,  as  some  indistinctness  prevails  as  to  the  properties  of  these  different 
solutions,  that  both  are  equally  affected  by  errors  of  observation  (as  must  of  course  follow, 
if  they  be  both  true),  and  thus  the  essential  distinction  between  them,  in  practice,  lies  in 
the  d^erent  numbers  of  figures  which  they  respectively  require. 

"nkere  is  another  point  on  which  we  shall  take  the  opportunity  to  make  some  remarks  for 
the  satisfaction  of  the  scientific  reader.  In  the  present  subject  we  are  obliged,  in  most  cases, 
to  consider  the  required  quantity,  though  really  unknown,  as  if  it  were  given,  as  it  is  an 
indispensable  argument  in  reducing  the  elements  ; — thus,  in  finding  the  longitude  by  chrono- 
meter, by  the  sun,  we  must  assume  a  longitude  in  order  to  deduce  the  decimation  and  equa- 
tion of  time.  Such  solutions  are,  therefore,  solutions  by  asaumptiony  and  the  question 
natnraUy  arises.  What  is  the  criterion  by  which  to  know  whether  the  result  is  nearer  the 
truth  or  further  from  it  than  the  temporary  value  employed  ? 

In  general  we  have  to  solve,  not  the  equation  u«=Jf(Xf  y,  z),  but  u^^f  {x^  y,  z,  u'),  in 

whidi  tc'  is  an  assumed  value  of  «  ,  and  u^  a  first  approximation.     The  second  approximation 

is«2**y(')  y» 'S'f  «i)»  tmd  so  on.    Now,  it  is  evident,  without  examining  the  successive 

differences  u'— Up  «i— tig  ....  that  the  process  is  convergent,  if  u  varies  more  slowly  than 

dti 
ir',  tiiat  is,  when  -j-.  ^  x  •    This  is  the  case  with  aU  our  problems  within  the  limits  assigned. 

du 
When  y-t^'it  ^^  process  is  divergent,  or  the  results  are  worse  and  worse ;  and  when  » i, 

the  assumption  is  reproduced.     Again,  when  -=-,  is  positive,  the  results  are  all  greater  or  all 

len  than  the  trath  ;  when  negative,  they  are  alternately  too  great,  and  too  small.  Hence,  in 
ipeneral,  it  depends  on  the  data^  and  not  on  tlie  greatness  or  smallness  of  the  error  of 
ttsnmption,  whetiier  the  process  converge  or  not.  Tlie  above,  however,  applies,  in  strict. 
oetBf  only  to  smaU  errors  of  assumption  ;  for  large  eirors  higher  terms  must  be  considered. 
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oansed  by  an  error  in  any  one  of  the  data  (or  qaantities  given  for  the 
solution  of  tne  question)  is  very  different  under  different  circurn* 
stances,  being  m  some  eases  scarcely  perceptible,  while  in  others  it 
may  far  exceed  the  very  error  to  which  it  is  due. 

If  we  agree  beforehand  that  a  probable  error  of  observation  shall 
not  cause  an  error  beyond  a  certain  amount  in  the  result,  we  must 
exclude  all  those  cases  in  which  it  would  produce  a  greater  effect, 
and  we  thus  assira  limits  to  the  method  or  observation. 

169.  Generally  speaking,  every  element  that  enters  into  the 
computation  is  liable  to  error,  and,  therefore,  each  element  will  have 
its  own  independent  influenpe  in  limiting  the  observation ;  that  is,  in 
strictness,  there  will  be  different  limits  for  each  separate  element , 
but,  for  practical  purposed,  it  is  enough  to  assign  the  limits  according 
to  that  element  of  which  the  error  is  most  important.  For  instance, 
in  finding  the  time  by  a  single  altitude  of  a  celestial  body,  we  employ 
its  altitude  and  declination,  and  the  latitude  of  the  place.  Now  the 
latitude  will  often,  and  the  declination  sometimes,  be  correctly 
known,  but  the  altitude  can  never,  from  various  causes,  be  exempt 
from  suspicion  of  inaccuracy ;  besides,  in  general,  an  error  of  altitude 
produces  a  greater  effect  on  the  result  than  an  equal  error  in  lati- 
tude or  declination.  Hence  we  limit  the  method  of  *^  time  by  an 
altitude  off  the  meridian"  in  respect  of  altitude  only ;  and  assuming 
that  1'  error  of  altitude  shall  not  cause  more  than  10*  error  in  the 
time,  we  limit,  for  the  more  frequented  latitudes,  the  celestiall)ody 
to  a  certain  bearing. 

2.  Degree  of  Dependanee. 

170.  The  result  of  every  computation  is,  as  above  remarked, 
No.  168,  more  or  less  uncertain.  If  we  knew  the  error  in  one  of 
the  elements,  we  could  easily  find  the  effect  it  would  produce  on  the 
result,  by  working  the  computation  over  again ;  and  if,  nnder  the 
circumstances,  such  error  in  the  data  is  not  likely  to  exceed  a  certain 
quantity,  we  should  thus  find  the  limit  of  probable  error  ;*  for  ex- 
ample, suppose  in  finding  the  time,  the  error  of  altitude  is  not  likely 
to  exceed  1^,  and  that  the  effect  of  this  in  working  over  again  is  9*, 
we  say  that  9*  is  the  limit  of  probable  error. 

171.  Since  all  the  elements  are  more  or  less  uncertain,  there 
is  a  limit  of  probable  error  or  degree  of  dependance  in  respect  of 
each.  Hence  the  extreme  probable  error  of  the  result  is  the  sum 
of  all  these  errors,  supposing  they  lie  on  the  same  side.  But,  in 
practice,  they  will,  in  general,  tend  to  neutralise  each  other,  and  it  is 
enough  to  estimate  the  degree  of  dependance  in  respect  of  the  most 
important  of  them. 

172.  In  some  cases  a  small  error  of  observation  will  produce  a 
very  great  error  in  the  result ;  in  others,  a  Urge  error  may  not  pro- 


♦  The  term  "  Degree  of  Dependance  "  is  preferred  here  to  "  limit  of  probable  error," 
because  it  describes  in  direct  terms  the  application  or  nse  of  that  limit,  which  is,  to  point  out 
how  near  the  result  may  be  depended  upon. 


METHODS  OF  SOLUTION.  53 

diice  a  sensible  effect.  For  example,  an  error  of  V  in  the  lunar 
distance,  causes  an  error  of  3(7  or  40^  in  the  longitude,  while  an  error 
of  several  miles  of  latitude  may  not,  in  certain  cases,  produce  an 
error  worth  notice  in  the  time  as  found  by  an  observation.  As  no 
Bicety  in  the  mere  workinr  of  the  computation  can,  in  any  way, 
meet  or  counteract  errors  of  observation,  it  is  necessary,  in  forming 
a  true  judgment  of  the  place  of  the  ship,  to  try  the  effects  of  probable 
errors ;  in  other  words,  to  try  the  degree  of  dependance.  Thus,  in 
the  example  of  the  lunar  alluded  to  above,  a  novice  might  conclude 
that  his  longitude  was,  to  the  exact  minute  and  second,  that  found  by 
computation;  but  a  more  experienced  computer,  knowing  that  all 
his  elements  are  not  absolutely  correct,  and  that  his  result  can 
scarcely  be  perfectly  exact  but  by  an  accidental  compensation  of 
errors,  makes  an  allowance  for  error;  and  assuming  tiiat  the  distance 
may  be  too  much  or  too  little  by  3(y^  for  example,  considers  the 
observation  as  merely  having  established  with  certainty  the  ship's 
place  within  IS^E.  or  W.  of  tne  position  deduced. 

173.  But  the  decree  of  dependance,  besides  being  indispensable  to 
rightlv  judging  of  the  true  place  of  the  ship,  or,  rather,  of  the  space 
on  latitude  and  longitude  within  which  she  is  to  be  found,  has  another 
important  application,  as  it  governs  the  amount  of  labotrr  bestowed 
on  the  computations.  For  example,  if  the  latitude  is  uncertain 
several  miles,  it  is  at  once  evident,  that  to  proceed  with  as  much  care 
and  precision  as  if  it  were  ascertained  to  a  few  seconds,  is  mere 
waste  of  time.  Similar  remarks  have  already  been  offered  in  the 
Pre&ee,  and  they  are  particularly  directed  to  the  student's  attention, 
who  should  be  early  impressed  with  the  importance  of  improving 
his  judgment  by  continual  exercise,  instead  oi  trusting  on  all  occa- 
sions to  a  mechanical  routine  of  computation. 

174.  It  is  worth  while  to  notice,  that  in  working  to  a  certain  de- 
gree of  accuracy,  as,  for  example,  to  minutes,  it  is  generally  enough 
to  employ  the  nearest  whole  mmute ;  but  when  one  of  the  quantities 
varies  very  rapidly,  it  may  be  proper  to  work  closer ;  for  it  is  easy 
to  see  that  the  inaccuracy  of  half  a  minute  in  a  quantity  which  is 
multiplied  by  a  number  greater  than  1 ,  is  increased,  and  appears  as 
a  whole  minute* 

[1.]  Pergonal  Error* 

175.  The  several  errors  to  which  each  observation  is  exposed, 
and  which  accordingly  enter  into  the  estimation  of  the  degree  of 
dependance,  are  described  in  their  proper  places ;  but  there  is  one 
which,  though  sensible  only  in  cases  where  a  considerable  step  has 
been  made  towards  precision,  is  of  universal  application,  and  is, 
therefore,  properly  noticed  here. 

It  is  found  that  different  persons  do  not  agree  in  the  precise 
instant  of  observing  the  same  j)henomenon.  Again,  some  persons 
are  in  the  habit  of  observing  more  or  less  closely  than  others.  The 
kind  of  error  which  is  obviously  present  in  such  cases,  is  called  the 
personal  errors  or  equation. 
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Two  observers  Lave  been  found  to  differ  0*'4  in  the  sun's  transit 
over  the  wire  of  a  telescope. 

176.  When  two  images,  in  contact,  lie  stationary  before  two 
observers,  it  is  difficult  to  understand  why  one  of  them  should  see 
them  overlap,  or  the  other  open,  or  why  they  should  not  agree  in 
the  measure.  But  when  the  images  are  in  motion,  the  observer's 
anxiety  is  roused  lest  he  may  miss  the  observation,  and  the  excite- 
ment may  lead  him  to  think  that  he  sees  the  contact  before  it  really 
takes  place.  Hence  there  is  reason  to  believe  that  the  personal 
equation  is,  in  some  degree,  a  matter  of  temperament. 

It  also  seems  well  ascertained  that  the  personal  equation  is  not 
the  same  for  the  same  individual  at  all  times,  and  that  it  is  greatly 
influenced  by  fatigue,  by  the  effort  of  observing,  and,  in  fact,  by 
every  cause  that  affects  the  nervous  system.  It  may,  therefore,  be 
advantageous  to  bear  these  circumstances  in  mind  preparatory  to 
undertaking  observations  in  which  much  accuracy  is  required. 

177.  The  existence  of  this  error  shews  that  when  much  precision 
is  required,  observations  taken  by  different  persons  should  not  be 
mixed  together  until  cleared  of  personal  errors,  since  they  may  at 
the  outset  be  presumed  to  be  affected  by  unequal  errors ;  and  it  is 
probable  that  many  discrepancies  are  due  to  this  cause,  in  observa- 
tions whether  by  the  same  or  different  obs^^vera. 
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Dbfinitions. 


178.  Bt  the  general  term  Navigation  is  meant  that  science 
wUch  relates  to  the  determination  of  the  place  of  a  ship  on  the  sea. 

179.  The  place  of  a  ship  is  determinea  by  either  of  two  methods, 
which  are  independent  of  each  other :  Ist,  by  referring  it  to  some 
other  place,  as  a  fixed  point  of  land,  or  a  former  place  of  the  shif 
herself;  2d,  by  astronomical  observation. 

The  first  of  these  methods  is  treated  under  the  head  of  Naviga- 
tion ;  the  second,  under  that  of  Nautical  Astronomy. 

180.  The  earth  is  nearly  a  globe  or  sphere :  this  is  proved  in 
three  ways.  1st.  When  a  vessel  is  seen  at  a  considerable  distance 
on  the  sea,  in  any  part  of  the  world,  the  hull  is  partly  or  entirely 
concealed  by  the  water,  though  the  masts  are  visible.  2d.  The 
shadow  of  the  earth  thrown  on  the  moon  when  the  earth  is  between 
the  sun  and  the  moon  is,  in  all  positions  of  the  earth,  circular.  3d. 
The  earth  has  been  sailed  round. 

The  earth,  however,  is  not  exactly  spherical,  but  of  the  figure 
called  an  oblate  spheroid,  which  resembles  an  orange,  the  shortest 
diameter  (that  which  joins  the  poles)  being  7899  statute  miles,  and 
that  of  tha  fullest  parts  (about  the  equator)  being  nearly  26  more. 


181.  The  earth  turns  once  round  in  24  hours.  The  Ime  round 
which  it  revolves,  and  which  is  the  shortest  diameter,  is  called  the 
iuns,  and  its  extremities  are  the  North  and  South  Poles,  as  N,  S. 
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182.  The  Equator,  called  also  the  Equinoctial  Line,  or  ralgsrly 
the  line,  is  a  circle  equidistant  from  both  poles,  as  W  M  £,  and 
dividing  the  globe  into  two  half  globes,  or  hemispheres,  N  W  E  and 
8WE. 

At  all  places  on  this  circle  the  sun  rises  at  6  a.m.,  and  sets  at 
6  P.M.,  all  the  year  round ;  the  days  and  nights  are  thus  equal,  being 
12  hours  each. 

183.  A  Meridian  is  a  semicircle  joining  the  two  poles,  as 
N  A  S,  N  B  S.  Every  portion  of  the  meridian  lies  north  and  south ; 
and  places  lying  north  and  south  of  each  other  are  said  to  be  on  the 
same  meridian. 

184.  Latitude  is  the  distance  from  the  equator,  measured  on  a 
meridian ;  thus  the  latitude  of  a  place  A  is  A  M,  the  latitude  of  B  is 
BK. 

Latitude  is  named  north  or  south,  according  as  the  place  b  north 
or  south  of  the  equator.  Thus  A  is  in  north  latitude,  B  is  in  south 
latitude. 

185.  The  CoLATiTUDB  is  the  complement  of  the  latitude  to  90^; 
thus  N  A,  S  B,  N  C,  are  the  colatitudes  of  the  places  A,  B,  C. 

The  colatitude  reckoned  from  the  other  pole  is  the  sum  of  the 
latitude  and  90^ ;  thus  the  colatitude  of  A  is  also  S  A,  which  is 
90^+ M  A  (the  latitude  of  A) :  N  B  is  the  colatitude  of  B. 

186.  Latitude  is  measured  in  degrees,  minutes,  and  seconds.  A 
niinute,  or  nautical  mile,  contains  6082  feet,  or  1013  fathoms,  and 
therefore,  a  second  is  about  101  feet,  or  17  fathoms  nearly. 

187.  Circles  parallel  to  the  equator,  that  is,  equidistant  from  it  in 
every  point,  are  paralkk  of  latitude  ;  as  A  P  H,  b  B. 

Two  places  in  the  same  latitude  are  said  to  lie  on  the  same 
parallel. 

188.  Tlie  Difference  of  Latitude  of  two  places  is  the  portion  of 
the  meridian  included  between  their  parallels.  Thus,  Ab  is  the  dif- 
ference of  latitude  of  the  two  places  A,  B ;  C  H  is  that  between 
A  and  C. 

The  difference  of  latitude  of  the  ship  is,  therefore,  the  distance  she 
makes  good  in  a  north  and  south  direction. 

Difference  of  latitude  is  also  called  Northing  and  Southing^  and  is 
marked  N.  or  S.     It  is  then  said  to  be  one  of  these  names. 

189.  It  is  evident,  that  when  two  places  are  on  the  same  side  oi 
the  equator,  their  diff.  lat.  is  found  by  subtracting  the  lesser  latitude 
from  the  greater ;  and  that  when  they  are  on  opposite  sides  of  the 
equator,  that  is,  when  one  place  is  in  north  latitude,  and  the  other  in 
south  latitude,  the  sum  of  their  latitudes  is  their  diff.  lat.  Thus  the 
diff.  lat.  of  A  and  B,  which  is  A  b,  is  the  sum  of  the  north  latitude 
A  M,  and  the  south  latitude  B  K,  or  M  b. 


Ex.  1.    Find  tlie  diff.  lat.  of  Cape  Clear  and 
Cape  Fhusterre. 

Cape  Clear 51**  a6'N. 

Cape  FiniaterrB...  41    54  N. 

Diff.  ult.    t    %% 


Ex.  2.    Find  the  diff.  lat.  of  Cape  Yard 
Cape  St.  Roque. 

CapeVerd 14*  43' N. 

Cape  SL  Roqua       5    a>  S. 

DiKr.  LAT.    ao     II 
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3.    A  Bhip  sails  from  lat.  50°  19' 
48^  \%*  N. :  find  her  diff.  lat. 


N.  to 


Lat.  ksft 50°  19'  N. 

Lit.  in     48     la  N. 

DiFF.  LAT.    a      7  or  127  miiefl. 


Ez.  4.    A  ship  aula  ftom  lat.  1°  11'  N.  to 
o"*  13'  S. :  find  her  diff.  lat 

Lat.  left  1°  11' N. 

Lat.  in     o     13  S. 

Dirr.  LAT.     I    24  or  84  rnHea. 


Required  the  diff.  lat.  between  the  following  plaoea : 

1.  Between  a  place  A  in  lat  42°  11'  N.,  and  another  place  B  in  lat.  37°  32'  N. 

Ana.  289  miles. 

Ans.  4716  miles. 

Ans.  6447  mfles. 


2.  Between  Halifitx  and  the  Cape  of  Good  Hope. 

3.  Between  Diego  Ramires  and  Cape  Lopatka. 


190.  When  a  ship  in  north  latitude  sails  north  she  evidently  in- 
creases her  latitude;  and  so,  likewise,  when  in  south  latitude  she 
sails  south ;  because,  in  these  cases,  she  increases  her  distance  from 
the  equator,  at  which  the  latitude  begins. 

But  if  in  north  latitude  she  sails  south,  or  in  south  latitude  she 
sails  north,  she  diminishes  her  latitude. 

Hence,  when  one  latitude  and  the  diff.  lat.  are  given,  the  other 
latitude  is  easily  found. 


Ex.  1.     A  ship  from  43^  30^  S.  sails  219 
miles  sondi :  requiied  her  lat.  in. 

lAt-  left 43**  3</  8. 

Diff.  lat  219' 3     39  S. 

Lat.  in    47      9  8. 

Ex.  2.    A  ship  from  lat.  43^  1 1'  N.  makes 
194  miles  Boathing :  required  her  lat.  in. 

Lat  left   43*»  11' N. 

Diff.  lat  194'  ...    3     14  S. 

Lat.  in  39    57  N. 


Bz.  3.    A  ship  from  lat.  1°  %'  N.  sails  123 
miles  south ;  required  her  lat  in* 

Lat  left i*»  3'N. 

Diff.  lat  123' 2    3    S. 

Lat.  in     I    o   S. 

The  ship  being  in  i^  3',  or  63  mUes  N.  of 
the  equator,  must  evidently  be  in  S.  lat 
after  making  123  mUes  southing.  Thus,  in 
subtracting  one  of  the  quantities  from  the 
other,  the  difference  takes  the  name  of  the 
greater. 


1.  A  ship  from  lat.  59^  2/  8.  sails  southward  untQ  her  diff.  lat.  is  374 ;  find  her  present 

lat  Ans.  6s°  41'  S. 

2.  Lat  left  48*^  %'  8.  diff.  lat.  149  N. ;  what  is  the  lat  in  ?  Ans.  45''  33'  S. 

3.  IdA.  left  53^  4'  N.  diff.  lat.  122'  N. ;  find  the  lat.  in.  Ans.  55°    6'  N. 


4.  Lat.  left  o"*  o',  diff.  lat  2^  13^  S. ;  what  is  the  lat  in? 


Ans.     2°  13'  S. 


191 .  Longitude  is  the  distance  measured  on  the  equator  between 
the  meridian  of  a  given  place  and  another  meridian,  called  the  first 
meridian.*  The  first  meridian  with  us  is  the  meridian  of  Green- 
wich Observatory;  thus,  if  G  be  Greenwich  (fig.  in  No.  181),  the 
longitude  of  A  is  D  M,  the  longitude  of  B  is  D  K. 

The  longitude  of  a  place  is  named  East  or  West,  according  as  it 
k  to  the  east  or  west  of  the  first  meridian ;  thus  A  is  in  west 
longitude,  H  is  in  east  longitude. 


*  Tht  first  meridian  is  a  matter  of  arbitrary  choice  amongst  different  nations ;  thus,  th« 
French  refer  to  Paris.  It  is  therefore  necessary,  in  taking  up  a  chart,  to  observe  what  meri* 
dian  the  longitude  is  reckoned  from. 
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192.  We  raay  use  either  the  longitude  of  one  name  or  the  sup- 
plement to  360°,  with  the  contrary  name;  thusi,  instead  of  \G6P  W. 
we  may  say  194®  E. 

193.  longitude  is  measured  either  in  space  (or  arc),  that  is,  in 
degrees,  minutes,  and  seconds ;  or  in  time^  that  is,  in  hours,  minutes, 
and  seconds,  each  hour  being  equal  to  15  degrees;  for  the  sun, 
which  regulates  the  time,  returns  to  the  same  meridian  again,  after 
describing  a  complete  circle,  or  360°,  in  24  hours,  and  15  x  ^  is  360. 

194.  The  Difference  of  Longitude  of  two  places  is  the  portion 
of  the  equator  included  between  their  meridians  ;  thus  M  F  is  the 
diff.  long,  of  A  and  C,  as  also  of  A  and  H,  and  of  b  and  C.  To 
measure,  therefore,  the  diff.  long,  of  two  places,  we  must  follow  down 
their  meridians  to  the  equator,  and  then  take  the  included  portion  of 
the  equator  itself.* 

195.  When  two  places  are  on  the  same  side  of  the  first  meridian, 
their  diff.  long,  is  found  by  subtracting  the  lesser  longitude  from  the 
greater;  thus  the  diff.  long,  of  C  and  P,  that  is,  the  difference 
between  DF  and  DK,  is  KF.  But  where  the  places  are  on 
opposite  sides  of  the  first  meridian,  that  is,  when  one  place  is  in 
east  longitude  and  the  other  in  west  longitude,  the  sum  of  their 
Jongitudes  is  the  diff.  long. ;  thus  the  diff.  long,  of  A  and  P,  as  also 
of  A  and  B,  is  M  K,  which  is  the  sum  of  M  D  and  K  D. 

When  one  longitude  being  east  and  the  other  west,  the  sum 
exceeds  180^,  take  the  supplement  to  360^  for  the  diff.  long. 

Ex.  3.    A  slm)  sails  from  longitade  7°  56 
W.  to  i8*^3»'  W.:  find  her  diff.  long. 


Ex.  1.     Find  the  diff.  long,  of  Ushant  and 
the  east  point  of  Madeira. 

Ushant 5°     3'W. 

E.  point  of  Madeira      16     39  W. 

Diff.  long,  ii     36 

Ex.  2.    Find  the  diff.  long,  of  the  Cape  of 
Good  Hope  and  Tristan  d'Acunha. 

Cape  of  Qood  Hope      18°  29'  E. 
Tristan  d'Acunha    ...   iz      2  W. 

Diff.  long.  30    31 


Long,  left 7°   56' W. 

Long,  in  18     32  W. 


Diff.  long.  10    36 

Ex.  4.     A  ship  sails  from  longitude  1°  icf 
W.  to  1^  17'  E. :  find  her  diff.  long. 

Long,  left 1**  20' W. 

Long,  in  2     17  E. 

Diff.  long.     3     37 


Examples  for  Exerctse, 

Required  the  difference  of  longitade  between  the  foUowing  places ; 

1.  Between  Halifax  and  the  Cape  of  Good  Hope. 

2.  Between  Ushant  and  St.  Michael's. 

3.  Between  Diego  Ramirez  and  C.  Lopatka. 
i.  Between  New  York  and  Manila. 


Ans.  4924 . 
Ans.  1238'. 
Ans.  807 1^ 
Ans.  9899'. 


196.  When  a  ship  in  E.  long,  sails  east,  or  in  W.  long,  sails  west. 


*  Since  the  meridians  are  all  parallel  at  the  equator  and  meet  at  the  poles,  the  distance 
between  any  two  meridians,  measured  east  and  west,  is  less  as  the  latitude  is  greater ;  that  is, 
the  absolute  number  of  milet,  or  of  feet,  in  a  degree  of  longitude,  is  less  as  the  latitude  in 
which  they  are  measured  is  greater.  Hence,  also,  a  given  number  of  mUes  between  two 
meridians  corresponds  to  a  greater  diff.  long,  as  the  latitude  in  which  they  are  measured  ia 
greater.  For  example,  two  places  in  lat.  lOr  and  distant  40  miles  east  and  west  from  each 
other,  have  40'*6  diff.  long.  In  lat.  50^  two  places  similarly  situated  hare  1*  2'*2  diff.  long. 
Questions  of  this  kind  are  solved  by  the  rules  of  Parallel  Sailing. 
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■lie  CTidently  increases  her  longitade,  or  the  distance  from  the  first 
meridian.  But  if  in  E.  long,  she  sails  west,  or  in  W.  long,  she  sails 
east,  she  diminishes  her  longitude.  Hence,  when  one  longitude  is 
given,  and  also  the  difF.  long.,  the  other  longitude  is  easily  found. 

Ex.  I.    A  ship  from  long.  31°  40'  E.  sails 


etst  3°  9' :  find  the  long.  in. 

Long,  left 31°  40' E. 

Diff.  long _3 9  E. 

LoKO.  IN  34    49  E. 

Ex.  2.     A  ship  from  long.  97^  45'  W.  makes 
i^  1 1'  easting :  find  the  long.  in. 

Long,  left     97**  45'  W. 

Diff.  long _i II  E. 

Long,  in  96    34  W. 


Ex.  3.    A  ship  from  long.  0°  32'  W.  makes 
2°  S'  easting :  find  the  long.  in. 

Long,  left  0°  3z'W. 

Diff.  long 1 8  E. 

Long,  in  i     36  E. 

Ex.  4.    A  ship  from  long.    lyZ^  54'  W. 
makes  3^  4  westing :  find  the  long.  in. 

Long,  left  178''  54'  W. 

•    Diff.  long. 3      4  W. 

Long,  in  181     58  W. 
Or  (by  No.  195)     178      1  E. 


0°  o'. 
2^26'W. 


BxampU$for  Exercite, 

1.  Long,  left  1*  25'  W.  diff.  of  long.  85'  E :  what  is  the  long,  in  ?  Ans. 

2.  Long,  left  o®  o',  diff.  of  long.  146'  W  :  the  long,  in  is  required.  Ans. 

3.  Long,  left  o^  o',  diff  of  long.  122'  E  :  what  is  the  long,  in  ?  Ans.      2°   %'  E. 

4.  Long,  left  160°  20' W.  diff.  of  long.  41°  20'  W :  find  the  long.  in.  Ans.  158°  20'  E. 

5.  Long.  left.  1 79°  10'  E.  diff.  of  long.  84'  E. :  what  is  the  long,  in  ?  Ans.  179°  26'  W. 

197.  The  CouBSE  steered  is  the  angle  between  the  meridian  and 
the  ship's  head.  The  course  made  good  is  the  angle  between  the 
meridian  and  the  ship's  real  track  on  the  surface  of  the  sphere. 

The  course  is  reckoned  from  the  north,  towards  the  east  or  west, 
when  the  ship^s  bead  is  less  than  eight  points  from  the  north  point. 
The  same  applies  to  the  south  point. 

The  course  is  measured  in  points  of  11^  15^  each,  or  in  degrees 
and  minutes. 

198.  The  track  of  the  ship  while  preserving  the  same  an^le  with 
all  the  meridians  as  she  crosses  them  in  succession,  is  called  the 
Rhumb  Line. 

199.  The  Distance  between  two  places,  or  the  distance  run  by  the 
ship  on  a  certain  course,  is  measured  in  nautical  miles  of  60  to  the 
degree  of  latitude.     Three  such  miles  make  a  league. 

200.  The  Departure  is  the  distance  in  nautical  miles,  made  good 
by  the  ship  due  east  or  west ;  or  the  distance  between  two  places 
measured  alon^  their  parallel. 

Departure  is  marked  east  or  west,  according  as  it  is  made  good 
towards  the  east  or  west,  and  is  accordingly  called  easting  and  west- 
ing; snch  easting  and  westing  being,  however,  expressed  in^miles^ 
and  not,  like  longitude,  in  arc. 

Thus,  if  a  ship  sails  from  a  place  A  to  another  as  B,  A  B  is  the 


O.IJkT. 


O.LAT 


Ustanee;  A  C  drawn  "N.  and  S.,  or  in  the  meridian,  shews  the  angle 
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CAB  the  course ;  B  C  drawn  E.  and  W.,  or  perpendicular  to  C  A« 
is  the  departure;  and  A  C  is  the  diff.  hit. 

201.  The  Bearing  of  an  object  or  place  is  the  angle  contained 
between  the  meridian  and  the  direction  of  the  object,  and  is  the  same 
thing  as  the  course  towards  it. 

Taking  a  bearing  of  an  object  is  called  setting  it. 

The  bearings  of  two  objects,  taken  from  the  same  plaee,  consti- 
tute cross  hearings^  the  lines  of  direction  of  the  two  objects  intersecting 
or  crossing  each  other  at  the  place  of  the  observer. 

202.  Leeway  is  the  angle  included  between  the  direction  of  the 
ship's  keel  and  the  direction  of  the  wake  she  leaves  on  the  surface  of 
the  water. 


Thus  the  vessel  C,  while  she  moves  through  the  water  in  the 
direction  of  her  length,  in  the  line  C  B,  is  at  the  same  time  pressed 
to  leeward  of  this  line  by  the  force  of  the  wind,  supposed  in  the 
figures  to  blow  on  the  vessel's  left  or  port  side ;  her  wake,  or  actual 
path  through  the  water,  appears  therefore  to  windward  of  the  line 
which  she  endeavours  to  keep,  as  is  represented  by  the  line  C  L. 
The  angle  A  C  L  is  the  leeway. 

The  course  steered  (No.  197)  is  the  angle  NC  B,  N  C  being  the 
meridian ;  the  course  made  good  is  N  C  D,  the  line  C  D  being 
determined  by  producing  L  C. 

203.  The  Dead  Reckoning  is  the  account  kept  of  the  ship's  place, 
without  reference  to  astronomical  observation.  It  is  written  D.  R. 
for  shortness. 

204.  The  Visible,  or  Sea  Horizon,  is  the  apparent  boundary  of 
the  surface  of  the  water,  which  appears  to  the  eye  the  circumference 
of  a  circle. 

205.  The  Depression,  or,  as  it  is  called  by  abbreviation.  Dip,  is 
the  angle  through  which  the  sea  horizon  appears  depressed,  in  con- 
sequence of  the  elevation  of  the  spectator. 

Suppose  the  spectator  at  A,  above  the  sea,  and  A  H  a  line 


H 


perpendicular  to  the  plumb-line  at  A,  which  tends  to  the  centre ; 
A  H  is  the  true  level,  or  horizontal  line,  and  the  angle  H  A  B,  in- 
oluded  between  it  and  the  line  A  B,  touching  the  sea,  is  the  dip. 
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The  dip  depends  on  the  distance  in  nautical  uiiles  uf  the  visible 
horizon.  Thus,  to  the  ejre  30  feet  above  the  sc  a  the  true  dip  is  6',  or 
the  distance  of  the  horizon  itself  is  about  6  miles.  This  is  easily 
proved  thus. 

Let  C  be  the  centre  of  the  earth,  O  the  place  of  the  observer ; 
then  the  line  O  B  drawn  touching  the  surface 
at  B  determines  B  the  farthest  pomt  visible  to 
him.  Draw  O  H  perpendicular  to  O  C,  then 
since  O  B  touches  the  circle  at  B,  the  angle 
CBO  is  a  right  angle  (No.  138,  Cor.)  Hence 
BCA  is  the  complement  of  C  O  B,  and  HOB 
is  also  the  complement  of  COB  (COH=90®), 
therefore  A  C  B  and  HOB  are  equal. 

The  depression  is  given  in  Table  8. 

206.  The  Altitude  of  a  terrestrial  or  celes- 
tial object  above  the  sea  horizon  is  the  angle  included  between  the 
line  drawn  from  the  eye  to  the  object,  and  the  line  from  the  eye  to 
the  horizon.  Thus,  the  angle  M  AB  is  the  altitude  of  the  summit 
M.  The  altitude  here,  in  consequence  of  the  great  elevation  of  the 
spectator  at  A,  about  -^  of  the  radius,  or  330  miles,  is  less  than  the 
dip,  or  the  summit  M  is  really  below  the  true  horizontal  line  AH. 
This  may  take  place  when,  from  the  small  height  of  the  object  with 
respect  to  that  of  the  observer,  or  its  great  distance,  it  is  seen  very 
little  elevated ;  but  in  most  cases  A  M  will  fall  above  A  H. 

207.  The  rays  of  light  which  pass  from  any  distant  object  on  the 
earth  suffer  a  change  in  their  direction,  which  is  called  the  terrestrial 
refraction,  by  which  the  object  appears  in  general  higher  than  its 
true  place.  This  effect  is,  on  the  average,  about  ^  of  the  intercepted 
arc,  or  distance  in  miles,  which  are  minutes  of  a  degree  very  nearly. 
Thus,  an  object  twenty-eight  miles  distant  is  raised  about  2f  above 
its  true  place.  The  sea  horizon  is  thus  raised  by  refraction,  or  the 
apparent  dip  (Table  30)  is  less  than  the  true. 

This  proportion,  however,  is  subject  to  great  irregularity,  and 
varies  between  ^  and  -^  of  the  intercepted  arc.  The  apparent  eleva- 
tions of  the  summits  of  high  land  are  thus  subject  to  great  variations, 
depending  on  particular  states  of  the  air. 

208.  The  apparent  place  of  the  sea  horizon  differs  also  in  differ- 
ent temperatures  of  the  sea  and  air.  When  the  sea  is  warmer  than 
the  air,  the  horizon  appears  below  its  mean  place,  or  that  at  which  it 
appears  when  the  air  and  water  are  of  the  same  temperature,  or  the 
apparent  dip  is  too  small ;  when  the  sea  is  colder  than  the  air,  the 
horizon  appears  above  its  mean  place,*  or  the  apparent  dip  is  too 
great. 


m 

*  Adminl  W.  F.  W.  Owen  informs  me  that  he  found  on  one  occasion,  in  ohserving  a  star's 
•Itrtnde,  a  change  of  4'  in  the  place  of  the  sea  horizon,  in  the  tropics,  soon  after  sunset.  Bfr. 
Fisher  obsenred  a  Tariation  in  A»  place  of  the  horizon  of  1 8'  in  the  arctic  regions.  In  summer 
the  ioe  horizon  was  elevated,  not  depressed ;  in  the  winter  it  was  depressed  several  minutes. — 
(Appendix  to  Captain  Parry* 9  Voyage  in  1821-3,  p.  187.)  These  observations,  however,  do 
not  all  follow  the  rule  above.  A  table  for  correcting  the  apparent  place  of  the  sea  horizon  for 
the  diflermoe  of  temperature  of  the  sea  and  the  air,  acoorcUnic  to  the  height  of  the  eye,  would 
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Colonel  Sabine  gives  a  table  of  depressions  observed  from  (be 
gangway  of  H.  M.  8.  Pheasant,  at  15ft.  lin.  above  the  sea,  in  the 
Gulf  Stream,  and  after  leaving  it.*  On  Dec.  6,  1822,  lat.  36^^  N., 
long.  72°^  W.,  at  10**  a.m.,  the  temperature  of  the  sea  being  70®, 
that  of  the  air  60°,  the  dip  observed  by  Wollaston's  dip  sector 
was  4'  67'',  or  1'  6''  more  than  the  tabic.  At  noon  the  temperature 
of  the  water  had  changed  to  62°*4,  the  nil  at  60°  as  before,  the  ship 
having  passed  from  the  warmer  water  of  the  stream  to  the  colder 
water  of  the  rest  of  the  ocean,  and  the  dip  ohferved  was  3'  37''. 
From  the  result  of  his  observations,  Colonel  Sabine  considers  that 
the  navigator  will  be  right  nine  times  in  ten  in  assuming  that,  when 
the  sea  is  warmer  than  the  air,  the  tabular  dip  is  too  small.  In  only 
one  case,  however,  did  this  error  ever  amount  to  so  much  as  1'  56  , 
the  sea  being  then  at  49°,  and  the  air  at  38°,  or  the  difference  11°; 
and  it  is  important  to  remark  that  the  error  of  the  table  is  by  no 
means  proportional  to  the  difference  of  these  temperatures,  which  in 
one  case  was  no  less  than  29°. 

Numerous  instances  are  on  record,  in  the  accounts  of  modern 
navigation,  of  errors  of  observation  arising  from  variation  in  the 
place  of  the  sea  horizon. 

209.  Besides  the  vertical  effect  of  refraction  above  described, 
some  instances  have  been  recorded  of  a  sensible  change  in  the  hori 
zontal  direction  of  objects.  Mr.  K.  B.  Martin  observed  a  change  in 
the  true  direction  of  a  point  of  land  in  the  Azores,  towards  sunset.  He 
also  mentions  an  extraordinary  change  in  the  direction  of  C.  Grisnez 
light  as  seen  from  Ramsgate  at  the  close  of  a  very  hot  day;  on  which 
occasion,  also,  distant  objects  were  elongated  horizontally  till  tney 
seemed  to  separate  into  parts.     C*  Naut.  Mag."  1847.) 

Lieutenant  Wilkes  observed  from  the  summit  of  Mo wnaRoa,  the 
sun's  horizontal  diameter  lengthened  out  to  twice  and  a  half  the  ver- 
tical one.  ("Narrative  of  the  United  States  Exploring  Expedition," 
1 838-42.)  In  the  Survey  of  the  Isthmus  of  Tehuantepec,  under  Senor 
G.  Moro,  in  1842-3,  the  refractions  at  San  Mateo  on  the  Pacific, 
"especialiy  the  lateral  ones,"  produced  the  strangest  illusions. t 

210.  The  Tropics  of  Cancer  and  Capbicohn  are  the  parallels  of 
latitude  23**  28'  N.  and  S.  These  are  the  dotted  lines  nearest  the 
equator  (fig.  in  p.  55).  The  sun  is  vertical  at  noon  twice  in  the  year 
to  every  place  between  the  tropics,  and  never  to  any  place  outside  of 
them. 


be  useftil ;  bat  there  are  scarcely  any  data  for  the  oonstmction  of  such  a  table,  and  the 
theory  itself  appears  not  to  be  complete. 

The  above  variation  of  the  place  of  the  apparent  horizon,  with  mirage,  reflected  images, 
and  other  optical  illusions,  were  first  discussed,  generally  as  questions  of  unequal  temperature 
alone,  by  M.  Biot,  Mem.  de  Tlnstitut,  1809. 

*  Account  of  Experiments  to  determine  the  Figure  of  the  Earth.     London,  1825,  p.  454. 

t  It  is  easy  to  conceive,  that  if  a  mass  of  air  of  different  density  from  the  rest  be  inter* 
posed  between  the  spectator  and  the  object,  and  if  also  the  sides  or  faces  which  he  looks 
through  be  not  exactly  parallel,  it  will  have  the  effect  of  a  prism,  and  will  seem  to  throw  the 
object  to  the  right  or  left  of  its  true  direction.  If  the  surfaces  are  curved,  the  effect  of  mag- 
ni^ring  or  diminishing  will  occur  at  the  same  time. 
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The  space  between  the  tropics  is  called  the  Torrid  Zokh,  on 
Bcoount  of  its  heat. 

211.  The  Arctic  Circle,  or  North  Polar  Circle,  and  the  Ant- 
arctic CiRCiiR,  or  South  Polar  Circle,  are  parallels  distant  23P  9.8' 
from  each  pole,  and  are  therefore  in  latitude  i)6^  32^  These  are  the 
dotted  lines  nearest  the  pole.  Within  tjcse  circles  the  sun  does  not 
set  during  part  of  the  summer,  nor  rise  during  part  of  the  winter. 

The  spaces  within  these  circles  are  called  tbe  Frigid  Zones, 
on  account  of  the  cold. 

The  spaces  between  the  tropics  and  the  polar  circles  are  called 
the  Tempehatb  Zonpji. 


CHAPTER  if. 

Ihbtruuents  of  Navigatioh. 

I.  Ihb  Cokpabb.     II.  Thb  Log  and  Qlabhbs. 

212.  Thb  necessary  instrumenta  of  navigation  are  the  CoiirAB?, 
irhicb  shews  the  directum  of  the  ship's  track ;  and  the  Loo,  which, 
with  the  help  of  sand-glaasee  for  measuring  small  intervals  of  time,  or 
a  watch  shewing  seconds,  gives  the  velocity  or  rate  of  the  ship,  and 
thence  the  distance  run  in  any  interval  of  time. 

I.  The  CompaSs. 

213.  The  Mariner's  Compass  consists  ofa  circular  card,  of  which 
the  edge  or  circumference  is  divided  into  32  points,  half-points,  and 
(foarter- points,*  and  into  360  degrees.  The  four  principal  points, 
or,  as  they  are  called,  the  cardinal  points,  are  the  North,  South,  East, 
and  West ;  the  East  being  towards  the  right  when  lacing  the  North, 


All  the  points  of  the  compass  are  called  bj  names  composed  nf 
these  four  terms. 


k  roquired,  bearing!  and  c< 
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The  points  balf-way  between  two  cardinal  points  are  called  after 
both  of  these  points:  they  are  the  north-east  (written  N.E.);  north- 
west (N.W.);  south-east  (S.E.) ;  and  south-west  (S.W.). 

A  point  balf-way  between  one  of  these  last  and  a  cardinal  point 
is  called,  in  like  manner,  by  a  name  composed  of  the  nearest  cardinal 
point  and  the  adjacent  point,  N.E.,  N.W.,  S.E.,  or  S.W.  Thus 
the  point  between  N.  and  N.E.  is  called  north-north-east  (written 
N.N.E.) ;  the  point  between  E.  and  N.E.  is  called  east-north-east 
(written  E.N.E.);  and  so  of  others. 

The  points  next  the  eight  principal  points  (namely,  N.,  S.,E.,W., 
and  N.E.,  N.W.,  S.E.,  and  S.W.,)  take  the  word  by  between  the 
name  of  such  point  and  the  next  cardinal  point.  Thus  the  point 
next  to  north,  on  the  east  side,  is  called  North  by  East ;  that  on  the 
West  side  is  called  North  by  West.  Thus,  on  inspecting  the  compass, 
it  is  easy  to  see  the  reason  of  the  names  E.  by  N.,  S.W.  by  W.,  &c. 

A  half-point,  which  is  the  middle  division  between  two  points,  is 
called  after  that  one  of  its  adjacent  points  which  is  either  a  cardinal 
point,  or  is  the  nearest  to  a  cardinal  point.  Thus  the  middle  division 
between  N.  and  N.  by  E.  is  called  north- ila/f-east  (written  N.  4  E.) 
Half  points  near  N.E.,  N.W.,  S.E.,  and  S.W.,  take  their  name  from 
these  points.  Thus  we  say  N.E.  4  N.,  and  N.E.  i  E.,  and  N.E.  by 
E.  i  E.* 

The  same  holds  for  a  quarter  and  for  three  quarters  as  for  a 
ballpoint. 

The  name  of  the  opposite  point  to  any  proposed  point  is  known 
at  once,  without  referring  to  the  compass,  by  simply  reversing  the 
names  or  the  letters  which  compose  it. — Thus  the  opposite  of  N. 
being  S.,  and  that  of  E.  beine  W .,  the  opposite  point  to  S.W.  by  S. 
is  at  once  known  to  be  N.E.  by  N.  The  opposite  of  W.  |  8.  is 
E.  I  N.,  and  so  on. 

214.  Repeating  the  points  in  any  order  is  called  boxing  the 
compass;  to  do  this  is,  of  course,  one  of  the  first  things  a  seaman 
learn&r. 

215.  In  becoming  familiar  with  the  points  of  the  compass,  the 
learner  should  bear  m  mind  that  their  utility  is  far  from  being  con- 
fined exclusively  to  navigation,  and  that  in  finding  his  way  across  a 
new  country,  or  through  the  streets  of  a  strange  city,  no  impressions 
will  be  so  distinct  or  so  permanent  as  those  grounded  on  the  points 
of  the  compass. 

216.  As  the  ship's  course,  which  is  sometimes  expressed  in  points 
and  sometimes  in  degrees,  is  always  reckoned  from  the  north  or 
south  point,  the  seaman  has  to  refer  at  once,  in  using  the  Tables,  to 
the  number  of  points,  or  degrees,  in  any  course  given  by  name.     The 

*  In  naming  the  half  and  quarter  points  it  is  adyisable  in  some  cases  to  sacrifice  system 
to  simplicitjr.  Thus,  for  example,  seamen  commonly  say  NNE  4  ^  instead  of  N£  hy  N  (  N; 
we  do  not,  however,  say  ENE  ^  E,  tiiough  this  is  simpler  than  E  by  N  ^  N,  since  it  is  at 
once  seen  to  he  6i  points.  It  wonld  of  course  be  more  systematic,  as  a  matter  of  geometry, 
to  reckon  the  hw  points  always  from  N  or  S,  because  the  ship's  coarse  is  reckoned  from  the 
meridini ;  but,  on  the  other  hand,  as  a  matter  of  names,  regara  will  be  had  to  the  whole  points 
Wtweeo  wUeb  It  fidls*  and  to  the  order  in  which  these  are  taken. 

F 
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following  table,  which  exhibits  the  degrees,  minutes,  and  seconds,  in 
each  quarter-point  of  the  compass,  will  be  convenient  for  reference : — 


N— E 


N— W 


S-E 


S— W 


Pti. 


p    » 


North. 
NiE 
N^E 
Nf  E 

NbE 
NbE^E 
NbE^E 
NbEf  B 

NNE 
NNE^E 
NNEiB 
NNEfE 

NBbN 
NEf  N 
NE|N 
NBiN 

NE 
NEiE 
NE^E 
NEfE 

NEbE 
NB  b  E  i  B 
NE  b  E  I  E 
NE  b  E  f  E 

ENE 
EbNf  N 
EbN^N 
EbNiN 

EbN 
Ef  N 
BIN 
EiN 

East. 


North. 

N^W 

NiW 

Nf  W 
NbW 

NbW^W 

NbW  JW 

NbWf  W 
NNW 

NNWi  W 

NNW  4  W. 

NNWfW 
NWbN 

NWfN 

NWiN 

NWiN 
NW 

NWiW 

NWJW 

NWf  W 
NWbW 

NWbWjW 

NW  b  W  I  W 

NW  b  W  I W 
WNW 

WbNfN 

WbNJN 

WbNiN 

WbN 
Wf  N 
WJN 
WiN 

Weft. 


South. 
SiE 
S^E 
S|E 

SbE 
SbEiE 
SbEiE 
SbEf  E 

SSE 
SSE|E 
SSE  IB 
SSEfB 

SEbS 
SEfS 
SE^S 
SEiS 

SE 
SEiE 
SB  IE 
SEfB 

SEbB 
SB  b  E  i  B 
SE  b  E  i  B 
SE  b  E  I  E 

BSE 
EbSfS 
B  b  S  i  8 
EbSiS 

EbS 
BfS 
BiS 
BiS 

East. 


South. 
SiW 
S^W 
SfW 

SbW 

SbWiW 
SbW4W 
SbWf  W 

SSW 
SSWiW 
SSW|W 
SSWfW 

SWbS 
SWf  S 
SW|S 
SWiS 

sw 
sw^w 
sw  J  w 

SWfW 
SWbW 

SWbW^W 
sw  b  W  J  W 
SWbWfW 

wsw 

WbSfS 
WbSiS 
WbSiS 

WbS 
WfS 
WIS 
WiS 

Weft 


i 
\ 

I 

z 

»i 
li 
ii 

2 

»i 
2i 
»l 

3 

3i 
Z\ 
3f 

4 

4i 

4l 

4t 

5 

Si 

5i 

Sf 

6 

6i 
6| 
6| 

7 

7i 

7i 

7l 
8 


a  48  45 

5  37  30 
8  26  15 

II  15    o 

14  3  45 
16  52  30 

19  41  15 

22  30  o 
25  18  45 
28  7  30 
30  56  15 

33  45  o 
36  33  45 

39  »*  30 
42  II  IS 

45  o  o 

47  48  45 

5«  37  30 

53  »6  15 
56  IS  o 

59  3  45 
61  52  30 

64  41  IS 

67  30  o 
70  18  4S 

73  7  30 

75  56  15 
78  45  o 

«i  33  45 
84  22  30 

87  II  IS 

90  o  o 


217.  The  card  is  laid  on  a  ma^etic  needle,  which  is  a  small 
steel  bar,  maraetised,  the  north  point  being  attached  to  the  north 
end  or  pok  of  the  needle.  The  whole  is  then  balanced  on  a  sharp 
pin  or  pivot  rising  from  the  bottom  of  a  brass  bowt,  and  covered 
with  glass.  The  bowl  having  a  weight  fixed  to  it  below,  is  placed  in 
ginAab,  which  are  brass  hoops  or  rings,  each  turning  upon  two 
pivots  at  opposite  points  of  the  hoop  next  greater  in  size ;  by  this 
means  the  loaded  bowl  remains  nearly  horizontal  during  the  con- 
ftised  and  irregular  motion  of  the  ship.  The  bowl  being  then  in- 
closed in  a  square  wooden  box  is  placed  in  the  binnacle  (a  turret- 
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shaped  case  fitted  with  panes  of  glass  and  a  lamp)  and  constitates 
tbe  Steering  Compass.* 

218.  The  helmsman  steers  the  ship  so  that  a  line  parallel  to  the 
keel  passes  over  the  centre  of  the  card,  and  the  point  prescribed  as 
the  course.  Care  is  taken  to  place  the  box  so  that  lubbers  point  in 
the  bowl,  and  the  centre  of  the  card,  are  in  a  line  fore  and  aft,  or 
parallel  to  the  keel.  But  as  lubber's  point  deviates  a  little  from  it^ 
proper  position  when  the  ship  is  heeled  over,  seamen  do  not  implicitly 
depend  upon  it,  as  indeed  the  name  implies. 

219.  The  Azimuth  Compass  is  a  compass  of  superior  construc- 
tion, particularly  adapted  to  observing  bearings.  It  is  mounted  on 
a  stand,  and  is  fitted  with  vertical  siant  vanes,  for  the  purpose  of  ob- 
serving objects  elevated  above  the  horizon.  In  one  of  these  vanes 
there  is  a  fons  and  very  narrow  slit, 'and  in  the  other  is  an  opening 
of  the  same  kind,  but  wider,  and  having  a  wire  up  and  down  the 
middle  of  it,  exactly  opposite  to  the  slit. 

220.  In  the  Prismatic  Compass  the  divisions  of  the  card  are  read 
by  reflection,  at  the  same  time  that  the  bearing  itself  is  taken.  This 
compass,  which  is  usually  constructed  with  delicacy,  is  a  very  superior 
instrument. 

221 .  In  observing  bearings  on  board  ship  the  card  should  never 
be  stopped,  but  two  or  more  bearings  being  read  off  as  quickly  as 
convenient,  the  mean  should  be  used ;  for,  as  the  vessel,  and  conse- 
quently the  compass  card,  have  always  some  motion,  the  card  may 
not  be  stopped  exactly  at  the  middle  of  its  vibration,  which,  as  it  may 
be  supposed  to  vibrate  equally  on  both  sides  of  the  line  of  direction 
of  the  object,  is  essential  to  the  true  result.     (See  also  No.  239.) 

1.  Adjustments  of  the  Compass. 

222.  (1.)  The  direction  of  the  magnetism  of  the  needle,  or  the 
magnetic  axis,  should  coincide  with  a  line  along  the  middle  of  the 
needle  itself,  otherwise  the  needle  will  not  point  exactly  to  the  north 
and  south.  This  adjustment  is  examined  by  reversing  the  needle  on 
the  card.  If  after  this  reversion  the  N.  and  S.  points  of  the  card 
are  also  found  to  be  reversed,  the  adjustment  is  good.  An  error  of 
this  kind,  however,  which  obviously  affects  all  points  of  the  compass 
alike,  is  included  in  the  variation  of  the  particular  compass,  as  found 
by  direct  observation,  and  therefore  need  not  be  made  tbe  subject  of 
a  special  examination. 

(2.)  The  pivot  must  be  in  the  centre  of  the  graduated  circum- 
ference of  the  card.  If  it  is  not,  the  difference  of  bearing  between 
two  objects  will  not  be  the  same  when  measured  on  different  parts  of 
the  edge.     This  adjustment  is  generally  good. 


*  The  oompasSf  in  order  fullT  to  answer  its  purpose  in  ships  at  sea,  is  required  to  com- 
bine  miuy  different  qualities,  and  individuals  are  continually  suggesting  plans  to  remedy  its 
imperfections.  In  1837,  the  Lords  Commissioners  of  the  Admiralty  appointed  a  Committee 
of  Sdent^c  Officers,  and  other  genUemen,  well  acquainted  with  magnetism,  to  consider  the 
nbject  of  ship's  compasses ;  and  the  Committee  constructed  a  compass  which  is  used  as  the 
■tsndsrd  in.  the  Navj. 


68 


NAVIGATION. 


(3.)  The  line  of  sight  of  the  Azimuth  Compass,  that  is,  the  line 
joining  the  slit  and  the  wire  opposite,  should  pass  over  the  pivot. 

This  condition  is  examined  by  noting  carefullv  the  bearing  of  a 
distant  object,  and  then  turning  the  compass  half  round,  so  as  to 
reverse  the  vanes.  The  observation  should  then  be  repeated  with 
another  object  eig;ht  points  from  the  first.  If  the  bearings,  taken 
directly,  are  not  identical  with  those  taken  by  reversion,  the  mean 
of  two  such  bearings  must  be  employed  every  time  the  compass  is 
used. 

(4.)  The  sight  vanes  must  be  vertical. 

This  can  be  examined  only  on  shore,  by  observing  whether  the 
wire  coincides  throughout  its  length  with  a  plumb-line,  or  any  ver- 
tical edge.  When  this  adjustment  is  not  perfect,  or  when  the  bowl 
is  not  maintained  in  a  strictly  horizontal  position,  bearings  are  most 
correctly  obtained  when  the  object  is  low. 


2.   Variation  of  the  Magnetic  Needle. 

223.  The  needle  points  to  the  magnetic  north,  which  in  few  parts 
of  the  world  agrees  with  the  true  north:  the  difference  between  them 
18  called  the  variation  of  the  compass. 

The  variation  is  named  easterly  when  the  north  end  is  drawn 
towards  the  east  of  the  true  north,  and  westerly  when  drawn  to  the 
westward. 

The  variation  is  different  in  different  places.  It  is  constantly 
though  slowly  changing,  and  becomes  alternately  east  and  west.  It 
also  changes  1(/  or  16^  at  different  times  of  the  day. 

224.  To  correct  compass  courses  and  bearings  for  variation. 
The  manner  of  doing  this  appears  thus.     Suppose  one  compass 

card  to  be  placed  directly  over  another,  and  the  lower  one  to  be  true. 
Now  suppose  the  north  point  of  the  upper  compass  to  be  drawn  two 
points  to  the  right  of  the  true  by  easterly  variation,  then  the  North 
point  of  the  upper  or  magnetic  compass  corresponds  to  N.N.E.  of 
the  true  compass,  which  point  is  to  the  right  of  N.,  and  the  South 
point  corresponds  to  S.S.W.  of  the  true  compass,  to  the  right  of  S. 
and  so  on.  The  contrary  would  take  place  with  westerly  variation, 
hence  to  correct  a  magnetic  course  or  bearing  we  have  this  rule. 

Rule.  When  the  variation  is  easterly,  ^PP^y  i^  ^  ^he  riaht  of  the 
compass  course  or  bearing;  when  westerly ,  ^PP^y  ^t  to  the  left,  looking 
from  the  centre  of  the  card  over  the  point  to  be  corrected.* 


Ex.  1.  Coarse  by  oompass,  S.  ]  W. ;  ya- 
riation,  %\  pointa  easterly. 

Trub  Codksb,  ^\  points  to  the  right  of 
S.  I  W.,  or  S.  3  poinU  W.,  or  S.W.  by  S. 


filx.  2.  Course  by  compasSi  N.by  E.;  ya- 
nation,  2  points  westerly. 

T&UB  CouRSB,  2  points  to  the  left  of  N. 
by  E.|  that  is,  N.  by  W. 


*  The  learner  may  use  two  smaU  circuhir  cards  (the  lower  one  being  tiie  larger)  on  the 
same  centre,  as  a  pin  or  a  knot,  with  the  points  and  degrees  marked  on  their  edges.  The 
lower  one  being  considered  the  true  cohipass,  and  the  npper  one  placed  acoordmg  to  the 
variation,  any  oonrse  by  compass  on  the  npper  card  is  at  once  read  off,  corrected,  on  tha 
lower  one. 
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Ex.  3.  Conne  or  bearing  by  compass, 
N,  S4°  B. ;  Tariation,  19°  W. 
Taus  Course,  N.  65°  E. 


Ex.  4.  Course  by  compan,  S.4^E.s  Ta- 
riation,  17°  EL 

Trub  Course,  S.  if  W. 


225.  To  reduce  a  true  course  or  bearing  to  the  compass  course  or 
bearing,  apply  the  yariation  the  contrary  way  to  that  directed  above. 


Ex.  1.  True  ooone,  N.E.  by  E. ;  varia- 
tion, 1  point  easterly. 

CouBSB  BY  Compass,  N.E. 

Ex.  2.  Tme  course,  E.  j  N. ;  Tariation 
1}  points  westei^. 

Course  bt  Compass,  E.  by  S. 


> 


Ex.  3.  True  course.  North ;  yarlation 
18°  easterly. 

Course  bt  Compass,  N.  18°  W. 

Ex.  4.    True  course,  West;   Tarialion, 
ai®  westerly. 

Course  bt  Compass,  N.  69°  W. 


3.  Dip  of  the  Needle. 

226.  The  needle,  on  being  magnetised,  not  only  deviates  from  the 
direction  of  the  true  meridian,  as  already  described,  but,  though 
balanced  before,  no  longer  remains  horizontal :  the  north  end  dip- 
ping in  north  magnetic  latitude,  and  the  south  end  in  south  magnetic 
latitude.* 

This  deviation  from  the  horizontal  line  called  the  dipj  is  different 
in  different  places,  and,  like  the  variation,  undergoes  slow  changes. 
Its  diurnal  ehange  is  not  perceptible.t 

227.  The  horizontal  position  of  the  needle  and  card  is  preserved 
by  a  sliding  brass  weight  fitted  for  the  purpose,  or  by  dropping  seal- 
ing-wax on  one  end  of  the  needle.  This  adjustment  will  often  require 
to  be  repeated  after  a  considerable  change  of  place. 

228.  Magnetic  needles  act  upon  each  other ;  thus,  the  north  pole 
of  one  attracts  the  south  pole  of  the  other  and  repels  its  north  pole ; 
hence,  when  the  ship*s  nead  is  north,  the  binnacle  compasses,  if 
brought  side  by  side,  will  agree,  each  pole  of  one  repelling  the  same 
pole  of  the  other  equally.  When  the  ship's  head  approaches  the 
east  or  west,  they  will  disturb  each  other,  the  nearest  poles  attracting 
each  other ;  as  they  affect  each  other  equally,  they  still  agree,  both 
being  wrong.  The  effect  produced  depends  of  course  on  the  length 
of  the  needles.  By  an  Admiralty  order  of  Nov.  20, 1845,  compasses 
arc  not  to  be  brought  within  4  feet  6  inches  of  each  other  .j: 

229.  Magnetic  needles,  when  not  suspended,  should  be  kept  about 
a  quarter  of  an  inch  apart,  by  pieces  of  cork,  with  the  north  pole  of 
one  against  the  south  pole  of  the  other;  because  thus  the  magnetic 

*  The  magnetic  latitude  is  reckoned  from  the  magnetic  equator,  on  which  the  dip  is 
nothing,  or  when  the  needle  is  horizontal.  The  magnetic  equator  is  an  irregular  curve,  not 
rohicicting  throughout  with  the  earth's  equator,  and  consequently  the  magnetic  latitudes  do 
not  correspond  every  where  with  the  common  or  astronomical  latitudes,  from  which  they 
differ  at  some  points  13°. 

t  The  magnetic  needle  is  also  liable  to  be  affected  by  sudden  changes  in  the  direction  and 
intensity  of  the  magnetic  influence.  On  Sept  25th,  1841,  at  Greenwich  Observatory,  the 
needle  was  observed  to  change  its  position  more  than  2^}  in  eight  minutes  of  time,  and  similar 
effects  were  observed  at  other  places ;  such  disturbances  are  oiilled  magnetic  storms. 

Lightning  has  been  known  to  disturb  the  compass ;  in  some  cases  it  has  reversed  the  poles 
of  the  needle. 

I  It  is  accordingly  reoommoided,  when  the  wheel  is  small,  to  employ  one  binnacle  compms 
•nly,  placed  a-mtdships. 
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intensity  will  be  preserved;  but  when  like  poles  are  laid  together 
the  magnetic  power  is  impaired.* 

4.  Local  Magnetic  jDeuiation. 

[1.]  Oeneral  ^ffeeU  qfihe  Iron  in  the  Ship  an  the  Conynut, 

230.  Since  all  iron  acts  upon  the  magnet,  the  compass  in  erery 
ship  is  more  or  less  affected  by  the  iron  in  her  construction,  fittings, 
and  cargo.f  In  men-of-war,  the  guns,  tanks,  shot,  &c.,  and  in 
steam-vessels  the  funnel,  engine,  and  paddles,  produce  a  greater  dis- 
turbance of  the  needle  than  in  other  vessels.  In  merchant-vessels 
the  effect  is  less  considerable,  although,  from  the  quantity  of  iron 
introduced  of  late  years  into  ships,  it  may  be  inferred  to  be  in  ge- 
neral greater  than  it  was  formerly.  In  iron  vessels  the  compass,  as 
commonly  fitted,  is  nearly  or  altogether  useless,  j: 

Diagonal  wrought-iron  riders,  for  strengthening  the  sides,  are 
found  to  be  capable  of  producing  as  much  deviation  as  if  the  vessel 
were  altogether  of  iron ;  and  Capt.  Johnson,  in  his  valuable  work, 

1).  55,  recommends  that,  when  indispensable,  they  should  not  be  al- 
owed  to  come  within  twenty  feet  of  the  compass.  A  temporary  col- 
lection of  arms  in  the  neighbourhood  of  the  compass,  though  on  the 
deck  below,  and  the  iron  spindle  of  the  capstan,  have  disturbed  the 
needle ;  and  the  Gem  schooner  is  reported  to  have  run  ashore  near 
Poole,  from  shifting  the  chain  cable  for  the  purpose  of  trimming. 
Tin-plate  lining  has  been  asserted  to  have  become  magnetic.  (Naut. 
Mag.  1844.) 

Another  cause  of  error  in  the  needle  is  the  use  of  iron  nails  or 
screws  in  the  compass-box  or  binnacle,  as  also  putting  articles  of  iron 
into  the  drawer  of  the  binnacle.  § 

231.  When  the  compass  is  thus  disturbed,  it  becomes  impossible, 
not  only  to  keep  a  correct  reckoning,  but  to  steer  the  compass  course 
directed,  and  to  bring  marks  and  buoys  on  the  prescribed  compass 
bearings,  for  the  purpose  of  entering  channels,  or  avoiding  dangers.  || 
Moreover,  the  variation,  found  by  any  observation  whatever,  will  not 


*  The  cardefla  treatment  which  compaaies  sometimes  meet  with,  when  not  in  immediate 
nge,  arises  most  probably  from  ignorance  of  these  drcnmstanoes. 

t  ^n  (*'  Essay  on  the  Variation  of  the  Compass  ")  quotes  from  a  morning  paper  an 
account  of  a  ship  from  Bristol  to  Milford  Haven,  laden  with  iron,  In  which  the  coarse  by 
compass  diflfered  two  or  three  points  frt)m  the  proper  course,  from  the  effect  of  the  iron... 
P.  132. 

X  In  the  Onyx  iron  steam-vessel,  when  her  head  was  North,  correct  magnetic,  the  binnade 
compass  shewed  S.£.  (*'  Practical  Illustrations  of  the  Necessity  fbr  Ascertaining  the  Devia- 
tions of  the  Compass,"  by  Capt  E.  J.  Johnson,  R.N.  F.R.S.,  London,  1847).  Mr.  Airy, 
the  Astronomer  B>>ya1,  hna  suggested  a  plan  fbr  removing  the  overpowering  effect  of  the  iron 
of  these  vessels  upon  the  compass.     See  No.  257. 

§  In  order  to  insure  a  proper  examination  of  the  effects  of  local  attraction  in  her  Ma- 
jesty's ships,  the  Lords  Commissioners  of  the  Admiralty,  in  1842,  appointed  a  naval  officer 
(Capt  £.  J.  Johnson),  as  superintendant  of  the  Compass  Department,  whose  duty  it  is  to 
swing  every  ship  as  s^e  is  reported  ready  for  sea.  They  also  established  a  magnetic  ob- 
servatory at  Woolwich,  in  which  all  the  compasses  used  in  the  navy  are  examined,  and  which 
is  under  the  charge  of  the  same  officer.  In  1846,  another  officer  (Commander  Strange)  was 
appointed  assistant  to  Capt.  E.  J.  Johnson. 

II  Sir  John  Ross  found  the  compasses  of  the  IsabeUa  and  Alexander  to  differ  11^  before 
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be  that  proper  to  the  particular  place  on  the  surface  of  the  earth, 
but  as  the  needle  happens  to  be  affected  at  the  time  of  observation. 

232.  The  effect  of  iron  upon  the  compass,  generally  speaking, 
appears  to  be  the  same  as  if  it  attracted  that  end  of  the  needle  which 
dips :  thus,  in  north  magnetic  latitude,  it  attracts  the  north  pole ;  in 
south  magnetic  latitude,  the  south  pole. 

Since,  in  general,  on  board  ship,  there  is  more  iron  before  the 
needle  than  abaft  it,  in  north  magnetic  latitude  the  north  end  is 
usually  drawn  towards  the  ship's  head,  and  in  south  magnetic  latitude 
the  south  end. 

The  compass  may,  however,  be  so  placed  as  to  have  the  general 
effect  of  the  iron  abaft  instead  of  before  it.  This  has  been  found  to 
be  the  case  in  several  iron  steam-vessels,  in  which,  when  the  vessel's 
head  was  W.  (in  N.  magnetic  lat.),  the  N.  point  of  the  needle  was 
drawn  to  the  eastward.  It  may  also  be  the  case  when  near  an 
iron  tiller,  a  situation  which,  however,  is  very  objectionable,  as  the 
tiller,  in  passing  from  side  to  side,  produces  different  effects  on  the 
compass. 

233.  The  effect  of  the  iron  depends  on  the  extent  of  its  surface, 
and  not  upon  its  mass  or  solidity. 

The  action  of  magnetised  iron  differs  considerably  from  that  of 
iron  nnmagnetised,  and  depends  on  the  pole  which  is  presented  to 
the  needle. 

It  is  proper  to  remark,  that  the  action  of  common  or  unmas- 
netised  iron  upon  the  needle  increases  as  the  distance  from  the 
needle  diminishes,  but  in  a  much  more  rapid  proportion :  for  in- 
stance, if  the  distance  from  the  needle  be  diminisnecf  to  one  half,  the 
force  or  action  will  be  increased  four  times ;  if  the  distance  be 
doubled,  the  force  will  be  four  times  less ,  the  action  being  inversely 
as  the  square  of  the  distance.  Hence  the  compass  is  much  more 
affected  by  small  changes  in  the  quantity  or  position  of  the  iron  near 
it,  than  by  much  greater  changes  at  a  greater  distance. 

234.  The  deviation  of  the  needle  from  the  magnetic  meridian  is 
called  local  deviation.* 

[2.]  JHtiriiutUm  and  Anunmt  qf  tJu  Local  Demotion. 

235.  Since,  in  general,  the  iron  is  nearly  equally  distributed  on 
both  sides  of  a  ship,  the  centre  of  its  total  action  upon  a  compass 
placed  amidships  will  itself  be  nearly  amidships ;  hence,  in  general, 

# 

tfaej  readied  Greenland,  so  tbat  it  became  impossible  to  keep  the  ships  on  parallel  courses  bj 
Uie  compass. 

Mr.  king,  commanding  H.M.S.Y.  Alban,  states  that,  after  leaving  the  Longships  for  the 
Ttaski^,  he  foond  himself  dose  to  the  South  Bishop.     (*'  Practical  Illustrations.") 

Lieut.  E.  Keane  found  the  compass  of  H.M.  S.V.  Merlin  differed  firom  |  to  }  of  a  point 
in  the  bearings  of  the  beacons  near  the  mouth  of  the  Mersey. 

lite,  Emerson,  commanding  H.M.  S.  Padcet  Urgent,  has  known  steam-vessels  at  anchor 
more  thyn  twenty  hours  off  the  port  of  Liverpool,  not  having  been  able  to  make  the  light. 

*  The  tenn  iocai  is  proper,  becanse  the  needle  is  differently  affected  in  different  parts  of 
tfae  same  ship,  and  in  different  places  on  the  earth.  The  deviation  is  sometimes  called  loeai 
^Uraetion,  bat  the  attraction  is  the  cause,  and  the  deviation  is  the  effect,  which  alone  ia 
jDnoemed  in  the  practical  result 
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when  the  ship*8  head  is  north  or  south  magnetic,  the  local  attraction 
and  the  terrestrial  magnetism  act  nearly  in  the  same  line,  and  the 
local  deviation  is  nothing,  or  at  least  small. 

In  small  vessels,  however,  the  iron  davits  disturb  this  result,  and 
in  steam-vessels  the  points  of  no  deviation  are  scarcely  ever  N. 
and  S. 

236.  When  the  ship*s  head  is  between  N.E.  and  S.E.,  or  between 
N.W.  and  S.W.,  magnetic,  the  local  deviation  is  in  general  the 
greatest ;  but  its  extreme  value  does  not  necessarily  fall  at  the  east 
or  west  point  (true  magnetic),  and,  therefore,  it  may  seem  to  take 
place  at  the  east  or  west,  or  not,  according  to  its  Quantity. 

237.  The  local  deviation  is  greater  as  the  dip  is  greater,  and 
varies  in  men-of-war  in  our  latitudes  from  3^  to  8^  or  more,  and  may 
accordingly  amount  to  30^  where  the  dip  is  80^.  In  low  latitudes  it 
is  scarce^  sensible.* 

238.  It  is  evident  that  the  local  deviation,  from  the  way  in  which 
it  is  produced,  must  be  different  at  different  parts  of  the  ship.  Capt* 
Johnson,  p.  23,  remarks  that  the  maximum  deviation  of  an  iron 
vessel,  which  amounted  to  28^  at  the  binnacle,  was  reduced  to  4^^  at 
20  feet  above  the  deck  ;  and  at  a  stage  near  the  gaff  it  was  least  of 
all.  In  general,  it  is  found  that  elevating  the  compass  diminishes 
the  deviation. 

239.  It  may  happen,  accordingly,  that  some  point  may  be  found, 
on  the  deck  or  above  it,  where  the  local  deviation  is  nothing  or  very 
small,  and  where,  therefore,  a  compass  being  placed,  would  shew  cor- 
rect magnetic  bearings.  A  compass  in  this  position  would  become  a 
standard;  and  the  deviation  of  the  steering  or  binnacle  compass  would 
be  at  any  time  determined  by  comparison  with  it. 

240.  A  change  in  the  trim  of  tne  ship,  or  an  inclination  to  either 
side,  produces  a  corresponding  change  m  the  local  deviation.  The 
effect  due  to  the  inclination  of  the  ship  under  sail  is  greater  as  the 
deviation  itself  is  greater,  and  although  very  small  m  many  cases, 
it  rarely  disappears  altogether .f 

[3.]  Changeqf  Place  qf  ike  8k^. 

241.  While  the  ship  remains  in  the  same  magnetic  latitude,  that 
is,  whilst  she  preserves  the  same  dip  of  the  needle,  she  may  be  ex- 
pected to  preserve  the  same  quantity  of  local  deviation ;  provided,  of 
course,  that  no  change  takes  place  in  the  disposition  of  the  iron  on 
board,  especially  of  that  near  the  compass. 

*  Capt.  Johnson  giTes,  at  p.  19,  a  table  of  deviations  obserred  o^  board  fiffceen  ships  of 
war,  ftt>m  120  guns  downwards.  The  tfaree-deckerB  shewed  from  2®  to  4^4 «  ^  two-dedieni 
about  the  same ;  and  t!;2  r^t  from  1^  to  5°.     Steam-yessels  (p.  21)  shewed  from  12^  ft>  25°* 

t  In  the  Isabella,  in  which  the  local  deviation  was  observed  by  Capt.  Sir  J.  Ross  and  CoL 
Sabine  to  be  5  J  in  Brassa  Sound,  Shetland,  where  the  dip  was  74°  north,  and  which  is  one 
of  the  vessels  cited  by  Mr.  Barlow  (**  Essay  on  Magnetic  Attractions"),  an  inclination  of  5** 
to  either  side  would  have  produced  an  error  in  the  local  deviation  of  more  than  1°  at  nortii 
and  south ;  and,  in  like  manner,  would  have  caused  an  error  of  f '^  in  the  deviation  ob« 
served  at  east  and  west.  In  the  St  Vincent,  120  guns,  scarcely  any  difTerence  was  produced 
in  the  local  deviation,  during  swinging ;  but  the  Recroit  and  the  Bloodhound,  both  iron 
vessels,  shewed  considerable  effect. 
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When  the  dip  is  reversed,  which  takes  place  on  the  ship  ar- 
riying  in  south  magnetic  latitude,  the  local  deviation  takes  place  in 
the  opposite  direction. 


Fig.l. 


Fiff.2. 


In  K.  magnetic  latttade,  fig.  i,  the  ship's  head  A  !•  N.E.  (correct  magnetic).  The  iron  in 
ttie  ship  sapposed  to  be  collected  in  the  fore  part,  as  at  <,  draws  the  N.  point  of  the  needle  to 
the  right,  to  N',  as  for  ex.,  ^  a  point ;  her  head,  by  comooM,  is  therefore  N.E.  ^  N.,  or  the 
local  deviation  has  thrown  the  magnetic  bearing  to  the  l^. 

Again,  in  fig.  2,  the  ship's  head  is  S.E.  (oofrect  magnetic),  the  N.  point  of  the  needle 
being  drawn  towards  A,  the  oonrse  by  the  compass  is  to  tiie  eastward  of  S.E.  or  the  local 
deriation  haa  thrown  the  magnetic  beanng  to  the  ^ft. 

In  S.  magnetic  latitnde,  ng.  3,  the  ship's  head  is  N.E.,  the  south  end  of  the  needle  being 
drawn  towai^  A,  the  ship's  head,  by  the  compass,  is  to  the  eastward  of  N.E.,  or  the  local 
deviation  has  thrown  the  magnetic  bearing  to  the  right. 

In  like  manner,  in  fig.  4,.the  ship's  head  S.E.  appears  by  the  compass  less  than  four  points 
firom  S.,  or  to  the  right,  in  consequence  of  local  deviation. 

In  the  western  diriaion  of  the  compass  in  N.  mag.  lat.  the  local  deviation  in  like  manner 
would  be  seen  to  throw  the  magnetic  bearing  to  the  rights  and  in  S.  mag.  lat.  to  the  ^ft. 

It  most  be  borne  in  mind,  however,  that  we  have  considered  here  the  effect  of  the  tmmag« 
netiswl  iron  only. 

242.  When  the  dip  increases,  the  local  deviation,  generally 
B{>eakine,  will  increase.  When  the  dip  decreases,  the  local  deviation 
will,  in  like  manner,  decrease;  and  when  the  dip  is  0,  it  may  be 
expected  to  disappear  altogether. 

But  if  part  of  the  local  deviation  is  due  to  permanent  magnetism 
in  any  of  the  iron,  th^  local  deviation  will  not  change  in  a  corre- 
sponding manner ;  and  it  will  remain  after  the  dip  has  become  0. 

[4.]  Chtmgti  produeed  m  7¥nM. 

243.  It  appears,  however,  that  the  deviation  does  not  change  its 
character  immediately  on  passing  the  magnetic  equator,  but  that 
time  is  required  for  the  establishment  of  the  new  effect  on  the  iron. 
(See  the  "  Voyage  of  Sir  Jas.  C.  Ross.")* 

244.  Iron,  after  remaining  long  in  one  position,  becomes  mag- 
netic; that  is,  it  has,  like  the  needle,  a  north  and  a  south  pole. 
The  lower  end  becomes  that  pole  or  end  of  the  needle  which  dips. 
On  the  magnetic  equator,  where^  the  magnetic  force  is  horizonted, 
the  north  end  becomes  the  north  pole.  Thus  bars,  arms,  iron  spin- 
dles, plates,  &c.,  in  time  become  magnets ;  and  although  perhaps  not 


*  "  A  Voyage  of  Discovery  and  Research  in  the  Southern  and  Antarctic  Regions,  1839-^3, 
lo  H.M.S.  Erebus  and  Terror." 
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Btron^  enough,  if  coarsely  suspended,  to  point  north  and  south,  yet 
they  acquire  sufficient  force  to  disturb  the  compass-needle.* 

Iron,  which  has  become  magnetic  by  position,  will  change  its 
maguetism  in  different  hemispheres. 

As  the  time  necessary  for  a  piece  of  iron,  in  a  given  fixed  position, 
to  acquire  a  given  magnetic  intensity,  is  not  known,  it  is  impossible 
to  determine  with  certainty  the  changes  which  the  magnetism  of  the 
iron  in  the  ship's  construction,  or  fittings,  may  undergo  from  the 
change  of  her  station. 

245.  If  the  iron  in  the  ship  were  unmagnetised,  that  is,  if  no  part 
of  it  possessed  polarity ^  like  the  needle,  it  would  be  easy  to  adapt  the 
local  deviations  observed  in  any  one  place  to  any  other  place,  by  a  cal* 
culation.  But,  in  consequence  of  the  polarity  of  particular  portions 
of  the  iron,  various  irregularities  are  introduced ;  the  local  deviation 
does  not  vanish  at  the  N.  and  S.  points ;  that  of  the  western  division 
of  the  compass  does  not  correspond  to  that  of  the  eastern,  as  is  par- 
ticularly conspicuous  at  the  points  of  maximum  deviation ;  the  effect 
of  the  inclination  under  sail  is  not  the  same  as  it  otherwise  would  be, 
and  is  often  different,  according  to  whether  the  ship  is  heeled  to 
starboard  or  to  port  ;t  also  the  change  of  local  deviation  does  not 
correspond  to  the  mere  change  of  dip  (No.  242) ;  and,  moreover,  the 
action  of  this  iron  on  the  compass  is  always  undergoing  change. 

Hence,  if  a  correct  account  of  the  local  deviation  is  to  be  kept, 
the  ship  should  be  swung  from  time  to  time,  even  if  she  does  not 
change  her  magnetic  latitude ;  and  whether  the  deviation  is  strictly 
determined  or  not,  azimuths  and  amplitudes  should  be  frequently 
observed  at  sea,  as  an  indispensable  check  on  the  compass. 

[5.]  Local  DeviatUm  produced  hff  the  Shore, 

246.  Considerable  caution  is  necessary  in  employing  bearings 
taken  in  the  neighbourhood  of  metallic  ores,  and  near  the  shores  of 
volcanic  countries.^; 

*  An  iron  bar,  or  rod,  may  be  oonyerted  into  a  magnet  by  holding  it  in  the  direction  of 
the  dipping  needle  (which,  for  example,  in  London,  is  directed  to  a  point  70^  below  the  mag- 
netic north  point),  and  striking  on  the  end  of  it  several  smart  blows  with  a  hammer.  The 
shocks  produce  quickly  that  polarity  which  would  otherwise  establish  itself  in  time. 

f  In  H.M.S.y.  Bloodhound,  built  of  iron,  when  heeled  8°  to  port,  with  her  head  N.  by 
eompass,  the  local  deviation,  which  was  1°  W.,  changed  to  4**  3(r  ;  and  when  heeled  S*'  to 
starboard,  it  changed  to  0^  25'  £. 

t  In  the  Shetland  Islands  Mr.  Thomas  found,  in  1828,  the  yariation  28°  W.  at  Burgh 
Hall,  and  31°)  £.  at  Hammersness,  only  half  a  mile  distant  Capt.  W.  F.W.  Owen  remarks, 
that  at  Kingston,  Upper  Canada,  the  yariation  was  5°  on  one  side  of  his  house,  and  22°  on 
the  other.  On  the  C.  Verd  Islands  the  yariation  differed  in  different  places.  (''  Naut.  Mag." 
1840,  p.  293.)  At  Chusan,  Commander  CoUinson  states  the  variation  on  the  N.  side  1°  57' 
W.,  and  on  the  S.  side  2°  33'  £.,  and  six  miles  to  the  northward  0°  43'  £.  He  observes 
also  that  the  specimens  of  the  soil  collected  at  the  several  stations  do  not  indicate  any  cause 
for  these  differences.     ("  Naut.  Mag."  1842,  p.  192) 

Capt.  Bayfield  has  found  the  compass  affected  to  the  extent  of  some  degrees  in  the  River 
St  Lawrence.  (''Sailing  Directions  for  the  Gulf  and  River  St  lAwrenoe,"  by  Capt  H.  W. 
Bayfield,  R.N.,  1837,  p.  4.) 

Sir  James  Clarke  Ri)ss  found  great  local  deviation  at  the  island  of  Trinidad,  where  two 
dipping  needles,  though  nearly  dose  together,  differed  3°  both  in  dip  and  variation.  When 
at  anchor  at  St.  Helena,  the  effect  of  the  rocks  was  so  great  as  to  mask  that  of  the  iron  in 
the  ship ;  and  in  passing  Shoe  Island  (Auckluids)  at  the  distance  of  fifty  feet,  the  compassea 
were  deflected  two  points. 
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[6.]  MoffmeHc  VariaiUm  m^  Loctti  DevuitUmf  teparaU  and  eambmed, 

247.  When  any  bearing  is  taken  on  board  ship,  or  wheneyer  the 
direction  of  the  ship's  head  is  noted  by  compass,  the  point  of  the 
compass  read  off  is  affected,  as  already  remarked,  by  both  the 
magnetic  yariation  and  the  local  deyiation*    (No.  223  230.) 

The  correction  necessary  to  remoye  the  combined  result  of  these 
two,  or  their  joint  effect,  we  call  the  entire  correction^  which  is  thus 
the  correction  proper  to  reduce  compass  to  true  bearings  at  a  single 
step. 

The  entire  correction  is,  accordingly,  the  angle  between  the  true 
N.,  and  the  N.  point  of  the  compass  employed. 

248.  The  entire  correction  is  immediately  found  by  comparison 
of  the  obsenred  bearing  with  the  true  bearing ;  and  is  thus  the  first 
thin^  deduced  when  reference  is  made  to  true  bearing,  as,  for  ex- 
ample, to  obseryations  of  amplitudes  and  azimuths. 

When  both  the  entire  correction  and  the  yariation  are  known, 
the  local  deyiation  is  found,  being  the  difference  between  the  correct 
magnetic  bearing  and  the  obseryed  bearing. 

249.  A  compass  course  or  bearing  is,  therefore,  reduced  to  the 
true,  either  by  applying  at  once  the  entire  correction,  or  by  applying, 
first,  the  local  deyiation,  and,  second,  the  magnetic  yariation. 

It  will  be  borne  in  mind  that  in  east  deyiation  the  N.  point  of 
the  needle  is  drawn  to  the  eastward  of  north  (correct  magnetic) ; 
and  in  west  deyiation,  to  the  westward  of  north.  The  local  deyiation 
is  treated  thus  as  another  yariation  (No.  223). 

Ex.  The  ih^'s  head  being  N.E.  by  cQmpass,  the  yariation  is  obseired  two  pointa 
eaaterij.  Thia  k  the  entire  correction  for  thja  comptts  oonne^  and  for  aU  bearing!  taken  in 
tliis  direction  of  the  ship's  head. 

Snppoae  the  magnetic  variation  to  be  i(  points  E.,  or  the  local  deviation  |  a  point  E. ; 
fliea  )  a  point  appUA  to  the  ri^ht  of  N.E.  gives  N.E.  ^  E.  the  correct  magnetic  coniscf 

Again,  suppose  it  is  reqnired  to  steer  N.E.  correct  magnetic ;  4  a  point  applied  to  the 
left  of  N.E.  gives  N.E.  4  N.  the  oourie  bj  compass. 

250.  As  questions  inyolying  both  yariation  and  local  deyiation 
are  often,  in  practice,  attended  with  considerable  perplexity,  and  as 
a  mistake  may  be  of  serious  consequence,  we  shall  giye  two  examples 
illustrated  by  figures. 

£z.  1.  The  ship's  head  is  E.S.E.  bva  compass  In  the  after-part  of  the  ship ;  an  object 
in  liie  directioa  C  A,  whidi  ban  S.  47"  W.,  tme,  bears  by  the  same  compass  S.  61^  W. ;  the 

*  Part  of  the  tnmble,  complexity,  and  chance  of  mistake,  attending  the  application  of 
two  corrections,  would  be  obviated  by  correcting  the  compass  itself  for  magnetic  variation, 
tiie  card  being  fitted  to  tarn  throngh  an  arc  eastward  and  westward,  aooordii^ly.  The  local 
deviation,  changing  with  the  dirwtion  of  die  ship's  head,  oonld  not,  generally,  be  thus 
allowed  for ;  but  even  this  would  be  practicable  in  sailing-ships  making  a  passage  with  a  fidr 
wind,  and  in  steam-vessels. 

The  plan  (which  is,  as  I  am  informed,  practised  by  the  Dutch)  would  require,  of  course, 
eonstant  vigilance,  as  tiie  safety  of  the  ship  would  depend  on  the  proper  correction  being 
BBsde.  But  with  care,  and  especially  in  a  ship  where  a  second  compass  is  employed,  no 
danger  should  attend  it. 

t  This  term,  nsed  by  Capt.  Johnson,  is  adopted  in  preference  to  "  tme  magnetic" 
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variation  is  2 1^  W.    Required  the  amount  of  the  entire  correction,  that  of  the  local  derlpitioBt 
and  the  end  of  the  ship  towards  which  the  N.  point  of  the  compass  has  been  drawn. 

The  ship  is  supposed  to  be  upright. 

Draw  the  meridian  N  S,  take  C  the  centre  of  the  compass, 
and  draw  the  magnetic  meridian  N'C  S',  N'  being  21^  W.  of  N. 
Lay  off  the  true  bearing  of  A,  or  S  C  A  47**. 

The  compass  shews  S.  61°  W. ;  the  bntirb  cobbbction  is, 
therefore,  61^—47°  or  14'',  which  is  obyiously  to  be  applied  to 
the  l^t  in  order  to  reduce  S.  61^  W.  to  the  true  bearing  S. 
47«W. 

Now  the  correct  magnctie  bearing  of  A,  or  S'C  A,  is  the  sum 
of  47*"  and  2 1°,  or  S.  ^l""  W. ;  hence  the  compass  bearing  S.  6 1^  W. 
shews  a  local  dbtiation  of  7*^. 

Lay  off  from  the  object  A  the  observed  compass  bearing 
ACS    61^  (and,  if  required,  the  direction  of  the  &p's  head); 
then  it  is  evident  that  the  south  point  S"  of  the  compass  em- 
ployed has  been  drawn  from  S'  towards  A,  or  the  norUi  point,  from  N'  towards  the  part  of 
the  ship  before  the  compass,  where,  therefore,  the  greater  portion  of  attracting  iron  is  placed. 

The  needle  being  pulled  7°  to  the  eastward,  tUs  amounts  to  ^^  of  easterly  variation,  and 
is  applied  as  such,  or  to  the  right  of  the  compass  bearings. 

The  compass  course  E.$.E.  (or  67^}  may,  therefore,  be  reduced  to  the  true,  either  by 
applying  the  local  deviation  7^,  which  gives  60°  (the  correct  magnetic)  and  correcting  this  for 
variation  21^  W.  which  gives  81°,  or  by  applying  at  once  the  entire  correction  14°  to  the  left 
of  67°.* 

The  letter  N'  is  read  N  dash ;  S"  is  read  S  two  dash.  The  first  dash  (in  these  figs,  in 
which  three  kinds  of  bearings  are  exhibited)  denotes  the  bearing  as  affected  by  the  earth's 
magnetism  or  ordinary  variation;  the  second  dash  denotes  the  magnetic  bearing  as  still 
further  disturbed  by  the  ship's  iron. 

Ex.  2.  The  ship's  head  is  W.N.W.  by  a  compass  forward ;  an  object  A,  S.  70°  W.  true, 
bears  by  compass  S.  79°  W. ;  the  variation  is  2°  £. 

Draw  the  two  meridians,  and  lay  off  A,  S.  70^  W. 

The  compass  bearing  of  A,  or  S"C  A,  is  S.  79°  W.,  and  the 
BNTIRB  CORRECTION  is  9*^ ;  the  reading  70**  being  to  the  right  of 
70*^,  the  N.  point  is  drawn  to  the  left,  as  ror  W.  variation. 

The  correct  magnetic  bearing  of  A,  or  S'C  A,  is  70° — 2°,  or  68°, 
the  difference  of  68*^  and  79°  gives  the  local  dbtiation  i  i°. 

Lay  off  from  A,  A  C  S  79° ;  then  the  S.  end  of  the  needle 
has  been  drawn  to  the  eastward,  which  effect,  unless  there  is  a 
mass  of  iron  very  close  to  the  needle,  will  be  due  to  the  iron 
abaft  it. 

The  N.  end  of  the  needle  having  been  thrown  to  the  westward, 
the  local  deviation  is  treated  as  a  westerly  variation. 

The  course  N.  67°  W.  corrected  by  applying  the  entire  cor- 
rection 9°  to  the  left,  is  N.  76°  W.  Or,  N.  67°  W.  applying 
11°  to  the  left,  and  2°  to  the  right,  becomes  N.  76°  W. 

Ex.  3.  The  ship's  head  by  the  binnacle  compass  is  E.  b  N. ;  Portland  lights  are  seen  in 
a  line  bearing  N.  32°  W. ;  the  variation  24°  W. 

Their  true  bearing.  Table  10,  col.  (i)  4,  is  N.  53^  W. ;  the  bntirb  corrbction  21°  W. 
and  LOCAL  dbtiation  3°  easterly. 


N  s 


[7.]  MethodtqfDetermimng  tMe  Local  2)emaiion. 

251.  The  existence  of  local  deviation  is  detected  by  watching  the 
bearing  of  any  distant  object  during  the  swinging  of  the  ship  at  her 


*  Hiis  last  process,  which  refers  to  the  entire  correction  alone,  without  deducing  the  local 
deviation  at  all,  appears  to  me  the  best  for  practice,  as  the  most  obvious,  simple,  and  direct. 
The  astire  correction,  being  found  directly  in  all  observations  at  sea,  is  exempt  from  all  con- 
fusion and  obscurity  in  the  application  to  the  right  or  left,  and  therefore  not  exposed  to 
mistakes,  to  which  the  local  deviation  is  especially  liable  when  the  magnetic  variation  is  so 
■mall  as  to  be  masked  by  it.  At  the  same  time  it  ia  incumbent  on  me  to  state  that  such  is 
not  the  opinion  of  several  officers  well  acquainted  with  magnetism,  who  !P«<«**in  that  the 
local  deviation  should  be  in  all  cases  made  a  separate  matter  of  consideration. 
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anchors.  The  object  should  be  so  far  off,  that  the  ship's  change  cf 
place  will  not  alter  its  bearing  more  than  a  degree  or  two. 

Tlie  amount  of  the  local  deviation  may  be  ascertained  by  one 
of  the  following  methods : — 

252.  Method  1.  By  the  bearing  of  an  object  a  few  miles  distant. 

Find  by  means  of  the  chart,  or  by  an  astronomical  bearing  (Naut. 
Astron.  chap,  viii.),  the  true  bearing  of  the  object.  Reduce  this  to 
the  magnetic  bearing  by  applying  the  variation.  The  variation  should^ 
if  possible,  be  determined  by  observation  with  the  particular  compass 
employed,  on  shore,  or  it  may  be  taken  from  the  chart. 

Note  the  bearing  of  the  object  as  the  ship's  head  comes  to  the 
several  points  of  the  compass  in  succession  during  her  swinging. 
The  difference  of  the  observed  and  the  correct  magnetic  bearing,  at 
any  particular  instant,  is  the  local  deviation  corresponding  to  the 
position  of  the  ship's  head  at  that  instant,  as  is  seen  in  the  following 
example,  modified  from  that  in  the  "  Nautical  Magazine,"  1837. 


ShiptBHead 

Magnetic  Bearing 

Local 
Devia- 
tion 

Ship's  Head 

Magnetic 
Observed 

Bearing 
Correct 

Local 

Deria- 

lion 

Obeerfed 

Coirect 

North. 

N.  i8*E. 

N.  I7°E. 

I«W. 

South. 

N,  14**  E. 

N.i7°E. 

f  E 

N.N.E. 

N.  i6  £. 

I    £. 

O.S.  TT  « 

N.  17  E. 

0 

N.E. 

N.  14  £. 

3    E. 

S.W. 

N.  19  £. 

2    W. 

EJI.E. 

N.  13  E. 

4   B. 

Yr  •a.^f  m 

N.  2»  E. 

5  W. 

EasL 

N.  12  £. 

5    E. 

West. 

N.  24  E. 

7  W. 

£.S.jE. 

N.    9iE. 

74  E. 

W.N.W. 

N.  25   E. 

8  W. 

S.E. 

N.  10  E. 

7    E. 

N.W. 

N.  23  £. 

6  W. 

S.S.E. 

N.  13  E. 

4   E. 

N.N.W. 

N.  204  E. 

3iW. 

; 


It  is  evident  when  the  ship's  head  is  north,  in  the  abovei  and  the  bearing  observed  i& 
N.  iS^  £.,  that  the  north  end  of  the  needle  is  pulled  to  the  westward  k°.  Again,  when  her 
head  is  S.E.  the  observed  bearing  N.  10°  E.  shews  the  needle  to  be  pulled  to  the  eastward  7^. 
The  deviation  is  applied  to  the  compass  coarse  by  the  common  rulei  No.  223. 

Ex.  1.    Course  S.W.  b  W.  by  compass :  find  the  correct  magnetic  course. 

With  the  ship's  head  S.W.  b  W.  the  local  deviation  is  between  2°  and  5^,  or  4''  W.  about, 
which  appUed  to  the  l^  of  S.  56®  W.  gives  S.  52°  W.  coulbct  maonbtic. 

Ex.  2.    A  cape  ahead  bears  S.E.  (oomp.) :  find  the  correct  magnetic  bearing. 

The  local  deviation  7°  E.  applied  to  the  righi  of  S.  45°  E.  gives  S.  38*^  E. 

Ex.  3.  Course  N.  b  E.  by  compass.  The  locsl  deviation  is  between  1°  W.  and  i**  £.  or 
o ;  or  the  course  is  correct. 

These  are  the  local  deviations  of  the  compass  corresponding  to 
the  place  where  it  stands,  and  to  the  height  of  the  needle  above  the 
deck. 

253.  Method  2.  By  the  bearing  of  a  distant  mountain. 

This  method  is  the  same  as  No.  262,  except  that  the  true  bearing 
of  the  summit  must  be  computed  (Naut.  Astron.  chap,  viii.),  instead 
of  being  taken  from  the  chart,  because  the  chart  does  not  shew  truly 
the  bearings  of  distant  objects. 

254.  Method  3.  By  t][ie  bearing  of  two  lights  or  other  objects  in 
a  line. 
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Whon  a  ship  passes  two  objects  of  which  the  relative  bearing  is 
known,  an  opportunity  is  afforded,  while  they  appear  in  a  line,  of 
comparing  the  bearing  with  that  shewn  by  the  compass,  and  thus 
determining  the  correction  due  to  the  compass  for  the  particular 
direction  of  the  ship's  head  at  the  time.     (Ex.  3,  No.  260,  above.) 

256.  When  there  is  no  convenient  distant  object,  the  deviation 
may  be  found  by  observing  from  the  ship  the  bearing  of  a  compass 

C laced  at  a  station  on  shore,  and  the  bearing  of  the  compass  on 
oard  the  ship  from  the  shore  compass,  at  the  same  instant,  which 
can  be  concerted  by  signal.  In  this  method,  each  bearing  observed 
from  the  ship  is  to  be  compared  with  the  opposite  bearing  from  the 
station.  It  is  of  course  necessary,  for  precision,  that  the  point  of  the 
ship  which  is  observed  from  the  shore  should  be  either  tne  compass 
itself  or  some  point  exactly  in  the  line  between  the  two  compasses. 

266.  The  local  deviation  being  due  entirely  to  the  actual  position 
of  every  portion  of  the  iron  in  the  ship,  will  be  changed  more  or  less 
by  every  change  of  such  position.  If,  therefore,  it  is  required  to 
keep  an  exact  account  of  the  local  deviation,  the  observations  should 
be  repeated  on  every  alteration  of  stowage,  and  more  especially  of  the 
iron  nearest  the  compass.* 

6.  Mechanical  Metfiods  of  Counteracting  the  Local  Attraction. 

267.  In  order  to  obviate  the  errors  of  the  compass  arising  from 
the  effects  of  local  attraction  on  the  needle,  or,  on  tne  other  hand,  to 
avoid  the  inconvenience  of  determining  from  time  to  time,  by  expe- 
riment, those  errors  which  change  with  the  latitude  of  the  ship, 
methods  have  been  adopted  for  producing,  by  an  artificial  arrange- 
ment, a  different  action  on  the  needle,  whereby  the  above  effects  may 
be  more  or  less  successfully  removed. 

(1.)  Mr.  Barlow  has  fixed  a  circular  iron  plate  in  a  vertical  posi- 
tion abaft  the  compass,  to  counteract  the  effect  of  the  iron  upon  the 
needle.  The  plate  is  found  to  relieve  the  compass  from  the  dis- 
turbing effects  of  the  iron,  in  all  positions  whatever  of  the  ship,  pro- 
vided the  iron  and  the  compass-needle  remain  exactly  in  the  same 
relative  positions. 

The  plate  is  accompanied  with  necessary  directions  for  its  use. 
As  the  plate  is  fixed  very  near  the  compass,  and  as  the  action  of  iron 


*  It  is  possibki  mathematicaUy-  speaking,  to  lay  down  rules  for  reducing  the  local  devia- 
tion observed  at  any  one  place  to  tJiat  for  any  other  magnetic  latitude,  and  also  for  calculating 
the  effects  produceid  by  the  inclination  of  the  diip  upon  the  local  deviation  itself.  Such 
rules,  however,  demand  the  knowledge  of  certain  elements,  which,  in  ordinary  observations  of 
the  kind,  made  with  so  rude  an  instrument,  cannot  be  determined  with  the  requisite  pre  • 
cision.  The  rules,  moreover,  besides  being  too  complicated  for  general  use,  are  necessarily 
deduced  upon  the  express  condition  that  die  deviation  at  N.  and  S.  is  0,  whereas  observation 
almost  always  shews  a  considerable  deviation,  as  1°  or  2°  at  these  points ;  and  this,  contra- 
dicting the  assumption,  renders  tiie  rules  uncertain.  A  small  change  in  the  position  or 
quantity  of  iron  may  also  affect  the  compass  sensibly,  'and  thus  render  the  rules  erroneous. 
Capt.  Jobnson,  in  his  experiments  on  an  iron  steam-vessel  {**  Report  on  Magnetic  Experi- 
ments," "  Phil.  Trans.''  Part  II.  1836),  found  an  alteration  of  5°  20^  on  a  compass  near  the 
binnacle,  from  the  circhmstance  of  merely  swinging  the  quarter-boat's  (iron)  davits  in -board, 
as  if  for  securing  the  boat  for  bad  weather. 
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open  the  needle  changes  very  rapidly  at  small  distances  (No.  233), 
as  also  with  the  length  of  the  needle  itself,  it  is  evident  that  much 
precision  is  necessary  in  fixing  the  plate.  Again,  when  fixed,  the 
disposition  of  the  iron  must  remain  undisturbed,  or  the  plate  must 
be  readjusted. 

(2.)  The  method  suggested  by  Mr.  Airy  was  originally  proposed 
for  iron  vessels;  it  consists  in  placing  two  large  and  powerful 
magnets  in  the  deck  near  the  compass.  Two  lines,  one  fore-and-aft, 
and  the  other  athwart-ships,  are  drawn  on  (or  under)  the  deck, 
passing  through  a  point  vertically  below  (or  above)  the  centre  of 
the  needle ;  one  of  the  magnets  is  laid  fore-and-aft  on  one  of  these 
lines,  and  the  other  with  its  length  athwart-ships,  on  the  same  or 
the  other  line.  These  magnets  act  independently  of  each  other,  the 
one  destroying  the  fore-and-aft  action  of  the  iron  on  the  compass, 
and  the  other  the  action  perpendicular  to  this,  or  athwart-ships.* 

6.  Instructions  relative  to  the  Compass^  in  Her  Majesty  s  Navy. 

258.  An  Admiralty  order  was  issued  on  Nov.  20th,  1845,  di- 
recting the  manner  of  placing  the  binnacle  and  the  standard  com- 
passes, and  cancelling  all  orders  of  a  previous  date  on  the  same 
subjects,  of  which  the  following  is  an  abstract.  No  irpn  is  to  be 
suffered  within  seven  feet  of  the  binnacle  or  the  standard  compass ; 
all  fastenings  whatever,  spindles,  pins,  &c.  within  this  distance,  being 
made  of  mixed  metal ;  vertical  stanchions  and  arms  are  not,  if  pos- 
sible, to  be  admitted  within  fourteen  feet,  and  iron  tillers  not  within 
seven  feet.  The  binnacle,  constructed  on  a  given  plan,  is  to  have  no 
doors,  in  order  to  insure  improper  matters  not  being  put  into  it; 
and  two  binnacles  are  not  to  be  nearer  to  each  other  than  four  feet 
six  inches.  The  compasses  are  to  be  kept  in  a  closet,  and  the  cards 
kept  in  eases  constructed  purposely  to  avoid  poles  of  the  same  name 
being  placed  together. 

A  pillar  of  wood,  hollow  or  solid,  and  made  to  ship  and  unship, 
if  convenient,  or  fitted  to  slide  up  and  down  on  a  short  pillar  when 

*  The  manner  of  fixing  the  magnets  is  foUy  described  in  a  paper  entitled  **  Results  of 
Experiments  cm  the  Distorbanoe  of  the  Compass  in  Iron-bnilt  Ships,  made  by  George 
Bidden  Airy,  Esq.  A.M.,  Astronomer  Royal,  at  the  desire  of  the  Board  of  Admiralty  " 
(Weale,  1S40),  and  the  ''Philosophical  Transactions/'  1839.  The  method  has  been  adopted 
in  serenl  sh^,  and  it  is  stated  that  the  compass  of  the  Ironsides  had  been  found  perfectly 
correct  in  three  voyages  to  South  America. 

Capt.  Johnson  hu,  howerer,  reodyed  reports  from  which  he  has  kindly  permitted  me  to 
extract  the  following,  and  which  shew  that,  in  some  instances,  the  results  are  not  so  satis- 
factory, owing,  as  it  wonld  appear,  in  part  at  least,  to  a  change  in  the  power  of  the  magnets. 

lie  City  of  London,  steam-Tessel,  found  her  compass,  after  being  corrected  sixteen  months, 
considerably  in  error.     It  was  stated  that  the  magnets  had  partly  lost  their  power. 

In  the  Foir  a  BaUock,  schooner,  after  a  Toyage  to  the  Mediterranean,  the  compass  was 
found  to  deviate  aboTC  two  points  to  the  westward.  The  compass  of  U.  M.  S.V.  Soudan  waa 
found,  on  arriving  at  Sierra  Leone,  14°  in  error  on  a  S.E.  b  E.  course. 

Any  change  in  the  action  of  the  magnets  would,  of  course,  be  easily  detected  by  an  occasional 

obaerration. 

Further  remarks  win  be  found  in  chap.  riii.  Naut.  Astron.,  in  the  division  entitled 
"  Nangitjng  the  Ship*"  nnder  the  heads  "  Shaping  the  Course  "  and  ''  Observations  for  th« 
VarisHoii." 
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the  compass  would  be  in  the  way  of  the  boom,  is  directed  to  be 
prepared  for  the  reception  of  the  standard  compass ;  or  mixed  metal 
stanchions  may  be  used,  for  the  support  of  a  copper  binnacle  head. 
These  instructions  are  given  in  general  terms ;  the  particular  fitting 
as  well  as  the  position,  forward  or  aft,  in  the  vessel,  being  left  to  the 
Superintendent  of  the  Compass  Department. 


II.  The  Log  and  Glasses. 


1.  The  Log. 

259.  The  log  consists  of  the  log-ship  and  line.  The  log-ship  is  a 
thin  wooden  quadrant,  of  about  five  inches  radius ;  the  circular  edge 
IS  loaded  with  lead,  to  make  it  float  upright,  and  at  each  end  is  a 
hole.  The  inner  end  of  the  log-line  is  fastened  to  a  reel,  the  other 
is  rove  through  the  log-ship  and  knotted ;  and  a  piece  of  about  eight 
inches  of  the  same  line  is  spliced  into  it  at  this  distance  from  the 
log-ship,  having  at  the  other  end  a  peg  of  wood,  or  bone,  which,  when 
the  log  is  hove,  is  pressed  firmly  into  the  unoccupied  hole. 

At  ten  or  twelve  fathoms  from  the  los-ship  a  bit  of  buntin  rag  is 
placed,  to  mark  ofi*  a  sufiicient  quantity  of  line,  called  stray-Une^  to  let 
the  log  go  clear  of  the  ship  before  the  time  is  counted. 

260.  The  log-line  is  divided  into  equal  portions,  called  knots^  at 
each  of  which  a  bit  of  string,  with  the  number  of  knots  upon  it,  is  put 
through  the  strands. 

The  length  of  a  knot  depends  on  the  number  of  seconds  whicJi 
the  glasses  measure,  and  is  thus  determined : 

The  No.  of  feet  in  i  knot  I  No.  of  fiset  in  i  mile  : :  No.  of  aeoonda  of  the  glus  :  3600 
(ihe  No.  of  seoondi  in  an  hour). 

The  nautical  mile  being  about  6080  feet,  we  have,  for  the  glass 

of  30  seconds,  the  knot  =    ^  ^^^^  =  50-7  feet,  or  60  feet  8  inches ; 

3000  A  «       « 

for  the  glass  of  28  seconds,  the  knot  =    ^  V^^    =  47'3  inches,  or 

47  feet  4  inches ;  and  so  for  any  other  ^lass. 

261.  The  knot  is  supposed  to  be  divided  into  eight  equal  parts, 
or  fathoms  (which  they  are  very  nearly).  In  the  Royal  Navy  the 
even  fathoms  onlv  are  reckoned,  for  the  convenience  of  adding  up 
the  distance  on  the  log-board.* 

262.  The  log-line  should  be  repeatedly  examined,  by  comparing 
each  knot  with  the  distance  between  the  nails,  which  are  (or  should 
be)  placed  on  the  deck  for  this  purpose,  at  the  proper  distance.  The 
line  should  be  wet  whenever  it  is  required  thus  to  remeasure  it»  or  to 
verify  the  marks. 

*  it  would,  of  coone,  be  more  sjritematic  to  divide  the  knot  or  mile  into  tenths,  as  in  the 
Trarerse  Table,  instead  of  eighths ;  bat  single  tenths  and  fathoms  may  be  used  for  each  other 
irithout  sensible  error. 
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'When  it  is  found  that  the  line  is  erroneous,  it  is  known  that  the 

distance  ran  (by  account)  must  be  in  error.     Rules  have  been  given 

for  correcting  tne  distance  run  in  such  cases,  but  as  the  line  stretches 

unequally,  in  different  parts,  the  only  certain  way  is  to  measure  the 

quantity  run  out  in  a  measured  time.     See  No.  260. 

263.  As  the  manner  of  heaving  the  log  must  be  learned  at  sea,  it 
is  only  necessary  to  remark,  for  reierence,  that  the  line  is  to  be  faked 
in  the  hand,  not  coiled ;  that  the  log-ship  is  to  be  thrown  out  well  to 
leeward  to  clear  the  eddies  near  the  wake,  and  in  such  a  manner  that 
it  may  enter  the  water  perpendicularly,  and  not  fall  flat  upon  it ;  and 
that  before  a  heavy  sea  the  line  should  be  paid  out  rapidly  when  the 
stern  is  rising,  but  when  the  stern  is  falling  as  this  motion  slacks  the 
line,  tbe  reel  should  be  retarded. 

1.2.]  Magsey's  Log, 

264.  This  instrument  shews  the  distance  actually  gone  by  the 
ship  through  the  water,  by  means  of  the  revolutions  of  a  fly  towed 
astern,  which  are  registered  on  a  dial-plate.  This  lo^  is  highly 
approved  in  practice ;  and  it  is  much  to  be  desired  that  the  patentee 
could  manufacture,  at  a  moderate  price,  an  instrument  which  affords 
a  method,  at  once  so  simple  and  so  accurate,  of  measuring  a  ship's 
way,  and  which  could  not  fail  to  come  into  extensive,  if  not  general, 
use. 

[3.]  The  Ground  Log. 

265.  When  the  water  is  shoal,  and  the  set  of  the  tides  or  current 
much  affected  by  the  irregularity  of  the  channel,  or  other  causes; 
and  when,  at  the  same  time,  either  the  ship  is  altogether  out  of  sight 
of  land,  or  the  shore  presents  no  distinct  objects  by  which  to  fix  her 
position,  recourse  may  be  had  to  the  ground  log.  This  is  a  small 
lead,  with  a  line  divided  like  the  log-line ;  the  lead  remaining  fixed 
at  the  bottom,  the  line  exhibits  the  effect  of  the  combiped  motion  of 
the  ship  through  the  water,  and  that  of  the  water  itself,  or  the  cur- 
rent ;  and  therefore  the  course  (by  compass)  and  distance  made  good 
are  obtained  at  once.* 

2.   The  Glasses. 

266.  The  long  glass  runs  out  in  30*  or  in  28' ;  the  short  glass 
runs  out  in  half  the  time  of  the  long  one. 

When  the  ship  goes  more  than  five  knots,  the  short  glass  is  used, 
and  the  number  of  Knots  shewn  is  doubled. 

267.  The  sand-glasses  should  frequently  be  examined  bv  a  se- 
conds watch,  as  in  damp  weather  they  are  often  retarded,  and  some- 
times hang  altogether.  One  end  is  stopped  with  a  cork,  which  is 
taken  out  to  dry  the  sand,  or  to  change  its  quantity. 


*  In  Damerons  passages  up  and  down  the  river  Plate,  where  the  abore  drcumstanoes 
concar,  made  by  H.M.S.  Tyne,  under  the  command  of  Captain  Gordon  Thomas  Falcon,  ia 
1818-19.20,  we  made  constant  use  of  this  log. 

O 
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268.  When  either  the  line  or  the  glass  is  faulty,  or  when  a  line 
and  glass  not  duly  proportioned  to  each  other  are  employed,  the 
distance  run  is  found  as  follows: — 

The  number  of  feet  in  1^  is  to  the  number  of  feet  run  out  in  an 
observed  number  of  seconds,  as  3600  (seconds  in  an  hour)  are  to  the 
observed  number  of  seconds. 

Ex.     Suppose  190  feet  of  line  are  ran  out  in  22' :  required  the  rate. 

The  number  of  feet  run  out  in  i**  I   190  : :   3600*  :  12* ;  hence  the  number  of  feet 

m  .^      ^ »  3 1090  feet ;  which,  divided  by  6000  (as  near  enough),  giyea  5-2  miles. 

22 

On  the  occasion  of  a  glass  stopping,  and  in  many  other  cases, 
it  is  a  very  useful  acquirement  to  be  able  to  count  seconds  for  a 
small  portion  of  time. 


CHAPTER    III. 

The  Sailings. 

I.  Plane  Sailing,  with  Traverse,  Current,  and  Windward 
Sailings.  II.  Parallel  Sailing,  with  Middle  Latitudk» 
and  Meroator's  Sailings.      III.   Great  Cirolb  Sailing. 

269.  In  considering  the  place  of  a  ship  at  sea,  with  reference  to 
any  other  place  which  she  has  left,  or  to  which  she  is  bound,  these 
five  things  are  involved :  the  Course,  Distance,  Difference  of  Lati- 
tude, Departure,  and  Difference  of  Longitude. 

270.  In  practice  these  two  general  questions  occur. 

1st.  The  course  and  distance  from  one  place  in  given  latitude 
and  longitude  to  another  are  given,  and  it  is  required  to  find  the 
latitude  and  longitude  of  the  other  place. 

2d.  The  latitudes  and  longitudes  of  two  places  are  given,  and  it 
is  required  to  find  the  course  and  distance  from  one  to  the  other. 

The  methods  of  solution,  that  is,  the  rules  of  calculation,  by 
which  the  answers  to  such  questions  are  obtained,  are  commonl} 
termed  Sailings. 

I.  Plane  Sailing. 

271.  In  Plane  Sailing,  as  the  term  implies,  the  path  of  the  ship 
is  supposed  to  be  described  on  a  plane  surface. 

If  the  ship  sails  1  mile  on  a  given  course,  she  makes  a  certain 
D.  lat.  and  Dep. ;  in  sailing  a  second  mile,  on  the  same  course,  she 
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-makes  good  the  same  D.  iat.  and  Dep.  as  before.  Thus  the  D.  lat. 
and  Dep.  for  2  miles  of  Dist.  are  twice  those  for  1  mile ;  for  3  miles 
of  Dist.  they  are  three  times  those  for  1  mile,  and  so  on ;  that  is,  the 
total  D.  lat.  and  Dep.  made  good  are  proportional  to  the  Dist.  on 
the  sphere  as  they  would  be  on  a  plane.  Plane  Sailing,  accordingly, 
treats  of  the  relations  of  the  Course,  Dist.,  D.  lat.,  and  Dep.,  and 
applies  to  right-angled  triangles  generally. 

Bat  each  mile  of  Dep.  which  the  ship  makes  good  corresponds 
to  a  Diff.  of  Long,  which  is  difierent  according  to  the  latitude  in 
which  the  ship  moves  (Note,  p.  68),  that  is,  there  is  no  constant  pro- 
portion between  the  Dep.  and  Diff.  Long,  in  two  diflferent  lati- 
tudes, and  therefore  a  question  in  which  Diff.  Long,  is  concerned  is 
not  within  the  province  of  Plane  Sailing,  except  the  case  in  which 
the  ship  is  on  or  near  the  equator,  where  Dep.  and  D.  Long,  are  the 
same  thing. 

272.  (1.)  The  proportions.  No.  162,  p.  46,  as  adapted  to  the  figures. 
No.  200,  p.  69  (or  to  the  third  figure  of  No.  163,  where  the  course 
is  the  angle  ABC),  give  the  proportions  or  canons,  as  they  are  called, 
of  Plane  Sailing.     We  employ  the  following : 


Diflt.  :  Dq>. 
Dist.  :  D.  Lat. 
D.  Let.  :  Dep. 


rad.  (*  i)  S  sin.  Co.,  whence,  Dep. 
I    :  008.  Co., 
I   I  tan.  Co., 


Qce,  Dep. 

=■  Dist,      X  rin.  Co. 

(1-; 

D.  Lat. 

«i  Dist.      X  COS.  Co. 

(2.) 

Dep. 

«  D.  Lat.  X  tan.  Co. 

(3.) 

and  tan.  Co. 

Dep. 
D.  Lat. 

(*•) 

Diflt. 

B  D.  Lat.  X  sec.  Co. 
Dist. 

(5.) 

and  aec.  Co. 

n  r^i- 

(6.) 

D.  Lat.:  Dist.      ::  I   :  see.  Co., 


(2.)  These  equations*  put  into  logarithms  by  the  rules  Nos.  64  and 
66,  p.  20,  become 

Log.  Dep.  »  log.  Dist.         +log.  sin.  Co.  —  lo  (L) 

Log.  D.  Lat.  "B  log.  Dist.         +log.  cos.  Co.  — lo  (2.) 

Log.  Dep.  »  log.  D.  Lat.     +  log.  tan.  Co.  —  lo  (3.) 

Log.  tan.  Co.  «  log.  Dep.  +  lo  —  log.  D.  Lat.  (4.) 

Log.  Dist.  —  log.  D.  Lat      +log.  sec.  Co.— xo  (5.) 

Log.  sec.  Co.  «*  log.  Dist  -f  lo  —  log.  D.  Lat  (6.) 

Which  logarithmic  equations  contain  the  rules  employed. 
On  ordinary  occasions  four  places  are  enough. 

Case  L  6i?en  the  course  and  distance,  to  find  the  difference  of 
latitude  and  departure. 

Ex.  I.    A  ship  sails  N.W.  by  N.  103  miles  from  lat  49^  30'  N. ;  find  the  D.  Lat.  and 
Dep.  and  also  the  Lat  in. 

273.  By  Inspection.     Open  Table  1  at  3  Points,  and  against  the 
Dist.  103  stand  U.  Lat.  85-6  and  Dep.  67-2. 

Then  86-6  or  1^  25'-6  added  to  49*  30^  gives  Lat.  in  60°  65'-6  N. 


*  Qnantities  connected  by  the  sign  «  constitute  an  equation ;  thus  7  •■  3  +  4,  2*^ »  120^, 
He.  arc  equations. 
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274.  By  Computation.  (1.)  For  the  D.  Lat.  To  the  log.  cos.  of 
the  Course  (Table  66  or  68)  add  the  log.  of  the  Dist.  (Table  64) ;  tlie 
sum  (rejecting  10  from  the  index)  is  the  log.  of  the  D.  Lat. 

(2.)  For  the  Dep.  To  the  log.  sine  of  the  Course  add  the  log.  ol 
the  Dist. ;  the  sum  (rejecting  10)  is  the  log.  of  the  Dep. 

Ex.  above.    Course  3  points,  Dist.  103. 

3  points,  or  33^45'        log.  oos.  9*9198 
Dist.  103  log.  2 '0128 

D.  Lat.      85*6  log.  1*9326 

(This  is  the  Canon  (2.)  in  No.  272.) 


Coarse    33^*45' 
Dist.  103 

Dbp.  57*2 


log.  sin.  9*7447 
log.  2-0128 


log.   1-7575 
(This  is  the  Canon  (i.)  in  No.  272  ) 


275.  By  Construction.  Draw  a  line  C  N 
towards  the  north  for  the  meridian.  From  the 
centre  C,  with  the  chord  of  60^  as  radius,  de- 
scribe an  arc  on  the  west  side  of  C  N,  and  lay 
off  the  chord  of  three  points,  or  33®|  to  a 
(No.  107).  Through  a  draw  C«,  this  gives  the 
angle  N  C  a  equal  to  the  Course,  or  three  points ; 
lay  off  from  a  scale  of  equal  parts  C  A  equal  to 
the  Dist.  103;  draw  A!B  perpendicular  to  CN, 
then  C  B  will  shew  on  the  same  scale  the  D.  Lat. 
85*6,  and  A  B  the  Dep.  57-2. 

Ex.  2.     A  ship  sails  S.  72^  W.  216  miles  from  lat.  14^  11'  N. :  required  the  D.  Lat.  and 
Dep.,  and  also  the  Lat.  in. 

By  IiupecHon,    The  Course  72^  and  Dist.  216  giye  D.  Lat.  66*7  and  Dep.  205*4. 
Then  66*7,  or  i®  6'*7,  subtracted  from  14**  11'  N.  leaves  Lat.  in  13**  4'*  3  N. 

By  Computation* 


Course    72° 
Dist.     216 

D.Lat.  66*7 


log.  cos.  9*4900 

log'  3t'334S 
log.  1*8245 


Course  72® 
Dist.    216 

Dbp.  205*4 


log.  an.  9*9782 
log.  £3345 
log.  2*3127 


By  Conttruetion.  Draw  a  line  C  S  to  the  southward 
for  the  meridian.  By  the  chord  of  60°  lay  off  the  arc  72° 
to  the  westward,  and  draw  C  A  equal  to  216 ;  draw  AB 
perpendicular  to  C  S,  then  C  B  is  the  D.  Lat.  66-7,  and  A  B 
the  Dep.  205*4. 


B 


S 


These  two  examples  of  construction  are  sufficient  for  all  varieties 
of  Case  I.  When  the  course  is  to  the  eastward,  C  A  is  drawn  on  the 
riorht  side  of  the  meridian  C  N  or  C  S  instead  of  the  left  side. 

Case  II.  Given  the  course  and  difference  of  latitude,  to  find  the 
distance  and  the  departure. 

Ex.  1.    A  ship  sailing  W.S.W.  makes  47  miles  D.  Lat. :  find  tiie  Dist  run  and  the  Dep. 

276.  By  Inspection.  Enter  Table  1  with  the  Course  6  points ; 
look  in  the  D.  Ta\.  column  for  47 ;  the  nearest  to  47  is  47*1,  against 
which  stand  the  Dist.  123  and  Dep.  113*6. 
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The  Lat.  of  the  ship  is,  from  the  nature  of  the  case,  already 
given. 

277.  By  Computation.  (1.)  For  the  Dist.  To  the  log.  sec.  of 
the  Course  add  the  log.  of  the  D.  Lat. ;  the  sum  (rejecting  10)  is  the 
log.  of  the  Dist. 

(2.)  For  the  Dep.  To  the  log.  tan.  of  the  Course  add  the  log.  of 
the  D.  Lat. ;  the  sura  (rejecting  10)  is  the  log.  of  the  Dep. 


6  points,  or  67®  30'       log.  sec.  0*4172 
D.  Lat.       47  log.  1*6721 

Dist.  122*8  log*  2*0893 

(This  is  the  Canon  (5.)  in  No.  272.) 


Course  67**  30' 
D.  Lat        47 

Dbp.  113*5 


log.  tan.  0*3828 
log.  1*6721 


log-  »"0549 
(This  is  the  Canon  (3.)  fai  No.  272.) 


47 


B 


S 


278.  By  Construction.  Draw  the 
meridian  line  C  S ;  lay  off  the  course, 
or  angle  8  C  A,  6  points  (No.  107) ; 
from  C  lay  off  C  B  the  D.  Lat.  47 ; 
draw  B  A  perpendicular  to  C  S,  then 
C  A  is  the  Dist.  and  A  B  the  Dep. 

This  exam  pie  will  suffice  for  all 
varieties  of  Case  II.  When  the  course 
is  to  the  northward,  C  N  is  drawn  up- 
wards instead  of  C  S  downwards ;  and 
when  the  course  is  to  the  eastward, 
C  A  is  to  be  drawn  on  the  right  side  of  the  meridian  instead  of  the 
left  side. 

Ex.  2.    A  ship  saila  N.  54®  E.  and  makea  119  miles  D*  Lat. :  reqiiJxed  the  Distance  nm 
and  the  Departure. 

Bjf  Jfupection.    Conne  54^  in  Table  2,  and  D.  Lat.  1 19*39  give  the  Dist.  203  and  Dsp. 
164*2,  nearly  enough  in  practice. 

Case  III.  Given  the  difference  of  latitude  and  departure,  to  find 
the  course  and  distance. 

Ex.    A  ship  makes  91  miles  northing  and  34*7  Dep.  (easting)  :  find  her  Coarse  ana 
Distance. 

279.  By  Inspection.  Look  in  Table  2  for  91  in  the  D.  Lat.  co- 
lumn, and  34*7  in  the  Dep.  column ;  the  nearest  are  90*6  and  34*8, 
which  give  the  Course  21®  (N.  21®  E.  in  this  example)  and  Dist. 
97  miles. 

280.  By  Computation.  (1.)  For  the  Course.  From  the  lop:,  of 
the  Dep.  (adding  10  to  its  index  if  necessary)  subtract  the  log.  of  the 
D.  Lat. ;  the  remainder  is  the  log.  tan.  of  the  Course. 

(2.)  For  the  Dist.  Find  the  Course ;  then  to  the  log.  sec.  of  the 
Course  add  the  log.  of  the  D.  Lat. ;  the  sum  is  the  log.  of  the  Dist. 


Ex.    Dep.  34'7  log.  i'5403 

D.  Lat.  91  log.  1*9590 

CovBU  20^52'         lof.tan.  9*5813 

ends  is  the  Canon  ^4.)  No.  272.) 


Conrse  20*^52' 
D.  liSt.       91 

D18T.  97*4 


log.  sec.  0*0295 
log.  1*9590 


log.  1*9885 
(This  is  the  Canon  (5.)  No.  272.) 
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281.  By  Construction,      Draw   the   meridian   CN.  ^ 
Take  C  B,  the  D.  Lat.  91,  and  through  B  draw  BA 
perpendicular  to  C  N,  and  equal  to  34'7;  join  C  A ;  then  b 
BC  A,  the  Course,  measures  21®  (No.  106,  2),  and  C  A, 
the  Dist.  measures  98. 

This  example  will  suffice  for  all  yarieties  of  the  case.    9i 

Case  IV.     Given  the  distance  run  and  the  difference 
of  latitude,  to  find  the  course  and  departure.  ^ 

Ex.    A  ship  sails  loi  miles  between  south  and  east,  and  makes  52  miles  D.  Lat :  fimd 
the  Course  and  Dep. 

282.  By  Inspection,  In  Table  2,  101  in  the  Dist.  column,  and 
52  in  the  u.  Lat.  column,  occur  over  Course  59®  (S.  59®  E.  in  this 
exainple),  and  against  the  Dep.  86*6. 

283.  By  Computation.  (1.)  For  the  Course.  From  the  log.  of 
the  Dist.  subtract  the  log.  of  the  D.  Lat;  the  remainder  is  the  log. 
sec.  of  the  Course. 

(2.)  For  the  Dep.  Find  the  Course ;  then  to  the  log.  sine  of  the 
Course  add  the  log.  of  the  Dist. ;  the  sum  is  the  log.  of  uie  Dep. 


Ex.    Dist.  10 1 
D.  Lat  52 

CODBSE  59°  I 


log.  2*0043 
log.  1*7160 


log.  sec.  0*2883 
(This  is  Uie  Canon  (6.)  No.  272.) 


Course  59°  i' 
Dist    10 1 

Dep.  86*6 


log.  sin.  9*9331 
log.  2*0043 


log.   1*9374 
(Hiis  is  the  Canon  (i.)  No.  272.) 


284.  By  Construction.  Draw  the 
meridian  C  S.  Take  C  B,  the  D.  Lat. 
52,  and  through  B  draw  B  A  perpen- 
dicular to  C  S.  From  C  as  centre,  with 
the  Dist.  101  as  radius,  describe  an  arc 
cutting  B  A  in  A ;  then  the  Course, 
S  C  A,  measures  59°,  and  B  A,  the 
Dep.,  measures  86*6. 

This  one  example  of  construction 
will  be  sufficient. 


Ex.  1. 
Ex.  2. 

Bz.  3. 
Ex.4. 
Ex.  5. 


"BxampUifor  Exerci$e, 

A  ship  sails  from  FUmborough  Head,  in  54**  /  N.,  E.  by  N.  4  N.  264  miles :  re- 
quired her  Lat.  in,  and  Dep. 

Ans.  D.  Lat.  76*6  N.,  Lat.  in,  55®  24'  N, ;  Dep.  252-6. 

A  ship  from  Lat.  49°  57'  N.  sails  S.W.  by  W.  244  miles :  reauired  her  Lat  in,  and 
Dep.  Ans.  Lat.  in  47^41' N. ;  Dep.  202*9. 

A  ship  sails  S.E.  by  E.  from  Lat.  x®  45'  N.,  until  she  arrives  in  Lat.  o®  31'  S. :  re* 
qujred  her  Dist.  and  Dep.  Ans.  Dist.  244*8  ;  Dep.  203*5. 

A  ship  from  St.  Helena  in  Lat.  15°  55'  S.  sails  N.W. )  W.  till  she  u  in  Lat.  13**  i'  S.: 
find  the  distance  she  has  run,  and  the  Dep.  Ans.  Dist.  274*3  >  I^bp.  212. 

A  ship  makes  135  miles  northing,  and  87*7  miles  of  Dep.  westing:   required  her 
Course  and  Dist.  made  good.  Ans.  Course  N.  33°  W. ;  Dist.  161  miles. 
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Ex.  6w     A  ship  sails  zio  miles  between  N.  and  E.,  and  makes  i6o''9  D.  Lit. :  find  tbt  Course 
and  Dep.  Ans.  Coubbb  N.  40^  E.;  Dbp.  135  m'des. 

Ex.  7.     A  ship  sails  244  miles  between  S.  and  W.,  and  makes  136'  D.  Lat. :  find  the 
Omrse  and  Dep.  Ans.  Courss  S.  56^  8'  W. ;  Dep.  202*6. 

1 .  Resolution  of  one  Course  upon  another, 

285.  It  is  sometimes  required  to  resolve  the  distance  run  upon  a 
giYen  course  into  the  distance  upon  a  proposed  course. 

Ex.    A  shipis  making  good  S.  70°  W.  5^  miles  an  hoar :  at  what  rate  is  she  nearing  a 
port  bearing  S.W.  ? 

Draw  the  meridian,  A  S,  of  the  ship  at  A.     La^  off  the  bearing  -a 

of  the  port,  S.W.,  and  the  Coarse  S.  70°  W.,  and  take  A  B  to  re- 
present the  rate  per  hour  (or  for  a  smaller  interval),  as  54  knots. 
B  then  is  the  plaos  of  the  ship  at  the  end  of  this  intervaL 

The  distance,  A  P  of  the  port,  being  very  great,  as  compared 
with  A  B,  a  circle  B  D,  described  from  P  as  a  centre,  is  nearly  a 
right  line,  and  perp.  to  A  P,  and  cuts  off  A  D,  the  dist.  by  which 
the  ship  has  neared  P  in  an  hoar.  Now  A  D  is  the  D.  Lat.  to  the 
Dist.  AB,  and  the  angle  BAD  as  Coarse.  BAD  equal  to 
70°— 45®,  or  25°,  and  Dist  54,  give  AD  equal  to  5  knots,  the 
rate  required,  and  A  D  is  A  B  resolved  in  the  direction  AP. 

When  the  number  of  degrees  between  the  giyen  and  proposed 
courses  exceeds  90,  the  ship  is  increasing  her  distance  from  the  port 
instead  of  closing  it. 

It  is  proper  to  observe,  that  the  change  in  the  distance  of  the 
port,  made  by  the  ship  when  not  steering  directly  for  it,  is  true  only 
for  its  present  bearing,  and  therefore  holds  only  for  a  short  time. 

2.  Traverse  Sailing. 

286.  This  is  a  variety  of  plane  sailing  in  which  the  ship  makes 
two  or  more  courses  in  succession. 

The  process  of  reducing  several  courses,  with  the  distances  run 
on  each,  to  the  single  course  and  distance  which  the  ship  would  have 
made  good  if  she  had  sailed  at  once  from  the  place  she  first  left,  to 
the  place  at  which  she  last  arrived,  is  called  working  a  traverse, 

287.  To  work  a  Traverse.  (1.)  Draw  six  vertical  lines.  Head 
the  space  to  the  left  Courses,  the  first  column  Distances,  the  next 
two  columns  D.  Lat. ;  marking  the  first  N.  and  the  second  S. ;  head 
the  last  two  columns  Dep.,  marking  one  £.  and  the  other  W.  This 
forms  a  skeleton  Traverse  Table. 

(2.)  Set  down  the  Courses,  and  the  Distances  against  them,  in 
order;  look  out  in  Table  1,  or  2,  the  D.  Lat.  and  Dep.  to  each 
Course  and  Distance.  When  the  ship  makes  northing  (that  is, 
when  the  Course  has  an  N.  in  it),  set  the  D.  Lat.  in  the  N.  column, 
otherwise  in  the  S.  column.  When  the  ship  makes  easting  (that  is, 
when  the  Course  has  an  E.  in  it),  set  the  Dep.  in  the  £.  column, 
otherwise  in  the  W.  column. 

(3.)  Add  the  D.  Lats.  in  each  column ;  write  the  lesser  of  the 
two  sums  under  the  greater,  and  take  their  difference.  Do  the  same 
u-ith  the  Departures. 
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(4.)  These  differences  are  the  D.  Lat.  and  Dep.  made  good  on 
the  whole,  and  each  takes  the  name  of  the  column  it  stands  in. 

The  course  and  distance  are  then  found  by  No.  279. 

It  may  be  advisable  for  a  beginner,  before  he  proceeds  to  take 
out  the  quantities  from  the  Traverse  Table,  to  write  a  dash  in  all 
places  not  to  be  occupied  by  a  D.  Lat.  or  a  Dep.,  in  order  to  avoid 
writing  a  quantity  in  the  wronc^  column.  The  first  example  only  is 
thus  marked,  because  such  helps  are  useless  to  an  expert  computer. 

.     Ex.     A  ship  sailB  S.W.  by  S.  24  mUes ;  N.N.W.  57  miles  ;  S.E.  by  E.  I  E.  84  miles  | 
and  South  35  miles :  find  the  Ck>iir8e  and  Distance  made  good. 


Cooxses 

Dist. 

D.  Lat. 

nep. 

N. 

8. 

E. 

w. 

S.W.  by  S. 

H 

— 

20*0 

— 

13-3 

N.N.W. 

57 

5»'7 



— 

21*8 

S.E.byE.4E. 

84 

— 

39-6 

74X 

— 

South. 

35 

— 

35-0 

— 

— 

Sa-7 

94-6 

74' » 

35*1 

52-7 

35-« 

41-9 

39-0 

The  D.  Lat.  41-9  and  Dep.  39-0,  are  found  at  43^  against  the 
Dist.  57.  Hence,  since  the  ship  has  by  the  Traverse  Table  made 
southing  and  easting  upon  the  whole,  the  Course  is  S.  43^  E.,  and 
Dist.  57  miles. 

JBy  Computation.  Each  portion  of  the  process  haying  already 
been  separately  considered  in  plane  sailing,  nothing  remains  to  be 
added  here. 

288.  J?y  Construction.  With  the  chord  of  60  describe  a  circle ; 
draw  the  meridian  N  S,  and  mark  the  centre  C.  By  means  of  the 
scale  of  chords  lay  off  S  1,  equal  to  3  points,  or  S.W.  by  S.,  for  the 
first  course.  Lay  off  N2,  equal  to  2  points,  or  N.N.W.,  for  the 
second  course.  Lay  off  S  3,  equal  to  5i  points,  or  S.E.  by  E.  i  E., 
for  the  third  course.  The  fourth  course,  or  south,  is  already  laid  off, 
being  on  the  meridian. 

Now  lay  the  edge  of  the  ruler  on  C  and  on  the  point  1,  and  lay 
off  by  the  compasses,  or  a  scale  of  equal  parts,  the  first  distance, 
C  a,  24.  Place  the  edge  of  the  ruler  on  a,  laying  it  parallel  to  the 
line  joining  C  and  the  point  2,  and  lay  off  the  second  distance,  a  6, 
57.  Place  the  ruler  on  the  point  £,  laying  it  parallel  to  the  line 
joining  C  and  the  point  3,  and  lay  off  the  third  distance,  6  c,  84. 
Lay  the  ruler  on  c,  parallel  to  the  meridian,  and  lay  off  cd,  the 
fourth  distance,  35.  The  point  d  is  therefore  the  place  at  which  the 
ship  has  arrived.  Join  Crf,  then  SCrf  is  the  course,  43®,  and  Cd 
the  distance,  57.     Also,  drawing  Drf  perpendicular  to  CS,  gives 
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D  C  the  D.  Lat.,  and  D  d  thn  Dep.  which  will  be  found  to  measare 
41  -9  and  39*0. 


Hie  circle  is  here  drawn  outside  the  traverses  altogether,  without 
regard  to  the  dimensions  of  the  scale  of  chords,  merely  to  shew  the 
process  more  clearly. 

This  example,  after  the  practice  which  the  learner  will  have  al- 
ready had  in  drawing  the  figures  in  the  preceding  articles,  will  be 
suflScient  for  any  case  that  may  occur. 

Ex.  2.     A  i^  uilsN.N.E.  ii  miles;  N.E.JE.  39  miles;  E.^N.  14  miles;  West, 
19  miles ;  N.N.W.  4  miles :  required  the  Course  and  Distance  made  good. 


Connes 

Dist. 

N. 

8. 

E. 

W. 

N.N.E. 

II 

10*2 

4'a 

N.E.  f  E. 

39 

zy% 

31*3 

E.iN. 

14 

»'4 

13-9 

, 

West. 

19 

>9 

N.N.W. 

4 

3'7 

x'5 

38-5 

0 

49*4 

20*5 

20' 5 

- 

28*9 

The  I>-  liBt.  38-5  in  the  N.  col.,  and  Dep.  28-9  in  the  E.  col,  give 
CovBS^  N-  37*  E.,  DiST.  48  miles. 
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289.  The  D.  Lat.  made  good  on  the  whole,  as  thus  found,  being 
applied  to  the  Lat.  left,  gives  the  Lat.  in.  Thus,  suppose  in  the 
above  example  the  ship  left  Lat.  38°  40'  8. ;  then  38''5  northing 
places  her  in  l*at.  38°  T  5  S.» 

Examples  for  Bxerci»9, 

Ex.  1.  A  ship  from  Cape  St.  Tlncent,  in  lat.  37®  3'  N.,  sailed  E.S.E,  45  nules,  S.W.  by  W. 
43  miles,  S.E.  by  S.  64  m^es,  and  N.N.E.  22  miles :  find  the  Coane  and  Distanoe 
made  good,  and  also  her  Lau*:ude  in. 

Ans.  CouRSB  S.  34^  E. ;  Dist.  89  miles ;  Lat.  in  35®  49'  N. 

Ex.  2.     A  ship  from  Cape  Amber  (N.E.  extremity  of  Madagascar),  in  lat.  11°  57'  S.t  sailed 

as  follows  :  —  S.S.E  \  E.  33  miles,  S.W.  by  W.  40  miles,  S.E.  by  S.  44  miles; 

N.  36  miles,  S.W.  by  S.  44  miles,  S.E. by E.  40  miles,  S.S.W.  ^W.  33  miles: 

required  the  Course  and  Distanoe  made  good,  and  also  what  Latitude  she  is  in. 

Ans.  Course  due  South ;  Dist.  140  miles  ;  the  Lat.  in  is  14°  17'  S. 

Ex.  3.  Yesterday,  at  noon,  we  were  in  lat.  28°  34'  N.,  and  since  then  we  haye  sailed 
N.E.  f  E.  62  miles,  N.  by  E.  16  miles,  E.  ^  N.  40  miles,  N.E.  )  E.  20  miles, 
N.  by  W.  30  miles,  and  N.  f  W.  14  miles  :  what  Course  and  Distance  have  we 
made  good,  and  what  is  our  present  Lat.  ? 

Ans.  Course  N.  43"  E.  or  N.E.  i  N. ;  Dist.  158  miles ;  Lat.  in  30°  29'  N. 

Ex.  4.  Yesterday,  at  noon,  we  were  in  lat.  44°  to'  N.,  and  since  then  we  sailed  the  following 
courses  (all  true):  S.  69°  W.  4  miles,  S.  58°  £.  15  miles,  S.  66'^  E.  8  miles, 
S.  66°  W.  12  miles,  S.  1°  E.  6  mUes,  S.  55"  W.  2  mUes,  N.  21''  E.  2  miles, 
S.  ss"*  W.  28  mUes,  S.  32°  E.  14  miles,  S.  55""  W.  4  mUes  :  find  what  Course  and 
Distanoe  the  ship  has  made  good,  and  what  is  her  present  Lat 

Ans.  CouRSB  S.i5°W.;  Dist.  55*0  miles;  Lat.in43®I7'N. 

3.  Current  Sailing. 

290.  A  current  is  named  after  the  point  towards  which  it  runs  or 
sets:  thus,  a  current  setting  towards  o.E.  is  called  a  south-east  cur- 
rent. The  mode  adopted  m  speaking  of  the  wind,  which  is  named 
according  to  the  point  from  which  it  blows,  is  thus  reversed  in 
speaking  of  a  current.f 

The  term  set^  which  is  used  to  describe  the  direction  of  the  cur- 
rent, is  employed  in  the  same  way  as  in  taking  a  bearing  (No.  201) ; 
but  it  is  necessary  for  the  complete  description  of  the  current  to  state 
also  its  drifts  that  is,  the  distance  through  which  the  ship  is  carried 
or  driven  by  its  action. j; 

291.  When  the  rate  of  a  current  per  hour  is  known,  the  drift  for 
any  number  qf  hours  is  found  by  multiplying  the  rate  by  the  number 
of  hours. 

In  like  manner,  when  the  drift  in  a  number  of  hours  has  been 

*  The  beginner  will  proceed  now  to  parallel  sailing,  because,  though  current  sailing  is 
strictly  a  branch  of  plane  sailing,  yet  some  of  the  examples,  for  the  convenience  of  arrange- 
ment, inyolye  the  consideration  of  longitude. 

t  It  is  easy  to  oonoeiye  that  people  would  name  a  wind  according  to  the  quarter  it  blows 
from,  as  bringing  heat  or  cold,  rain,  &c.,  and  a  current  according  to  tlie  quarter  to  which  it 
carries  them. 

X  These  terms  have  not  in  general  been  employed  with  sufficient  precision.  The  term 
*'  drift"  lias  been  defined  as  the  distance  run  per  hour,  or  rate  of  the  current.  But  as  a 
second  term  for  rate  is  superfluous,  and  as  it  is  convenient  to  have  a  term  expressive  of  the 
distance  through  which  the  ship  has  been  carried  by  the  current  in  any  interval  of  time,  we 
have  used  the  word  drift  in  the  latter  sense  only.  Thus  tlie  terms  $€t  and  dr\ft  are  used  in 
Bpeaking  of  the  current  as  count  and  distance  are  in  speaking  of  the  ship.. 
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ascertained,  the  rate  is  found  by  dividing  the  number  of  miles  of  the 
drift  by  the  number  of  hours. 


Ex.  1.     A  current  runs  2'2  knots :  re- 
qvired  its  drift  m  1 3  hours. 

Ans.  1*2  X  13  «  28*6  miles,  the  Dun*. 


Ex.  2.  A  ship  is  found  to  have  drifted 
by  the  current  42  miles  in  2 1  hours :  required 
its  rate. 

42 
Ans.  —  «  2  miles  per  hour,  the  Rate. 

21  ^ 


21)2.  Since  the  current  sets  the  ship  in  a  certain  direction  and  at 
a  certain  rate,  while  the  ship  herself  is  going  through  the  water  in 
another  direction  and  at  another  rate,  the  course  of  a  ship  affected 
by  a  current  becomes  in  general  a  case  of  traverse  sailing,  in  which 
there  are  two  courses  and  distances. 

Thus  current  sailing  is  analogous  to  traverse  sailing,  the  two 
courses,  instead  of  following  in  succession,  being  here  considered  as 
taking  place  at  the  same  time. 

The  subjects  for  consideration  in  this  section  are,  finding  the  place 
of  a  ship  affected  by  a  current ;  determining  the  course  under  a  par- 
ticular condition  ;  and,  lastly,  finding  the  motion  of  the  current  itself. 

Case  I.  Given  the  course  steered,  and  dist.  run  by  the  log, 
with  the  set  and  rate  of  the  current,  to  find  the  course  and  distance 
made  good. 

Ex.     A  ship  runs  N.E.  by  N.  18  miles  in  three  hours,  in  a  current  setting  W.  by  S.  two 
miles  an  hour :  required  the  Course  and  Dbt.  made  good. 

N.E.  by  N.  18  m.  gives  D.  Lat.  15*0  N.  Dep.  lo'oE. 

W.  byS.        6  m.  D.  Lat.     1-28.  Dep.     5*9  W. 

13-8  N.  4MB 

The  CouKSB  is,  therefore,  N.  by  E.  |  E. ;  Dirt.  14  miles. 

The  Construction  of  this  example  is  the  same  as  that  of  a  case  of 
traverse  sailing,  in  which  the  courses  and  distances  to  be  laid  off  are 
N.E.  by  N.  18  miles,  and  W.  by  S.  6  miles. 

293.  When  a  ship  steering  for  a  port  is  drifted  by  a  current,  it  is 
evident  that,  unless  it  be  exactly  with  her  or  exactly  against  her,  it 
will  throw  her  out  of  her  intended  course.  Since  the  course  to  be 
shaped  in  any  case  depends  on  the  rate  of  sailing  of  the  ship,  and  as 
this  cannot  be  foreseen  for  any  future  hour,  the  course  must,  when  it 
is  proposed  to  take  into  consideration  the  effect  of  the  current,  be 
determined  by  the  present  rate  of  sailing,  and  independently  of  the 
distance  of  the  port. 

Case  II.  Given  the  bearing  of  the  port,  and  the  set  and  rate  of 
the  current:  it  is  required  to  shape  the  course  so  as  to  keep  the  port 
on  the  same  bearing. 

294.  JBt/  Inspection,  When  the  bearing  of  the  port  and  the  set 
of  the  current  are  in  adjacent  quarters  of  the  compass,  take  their  sum  ; 
when  in  the  same  or  apposite  quarters,  take  the  difference. 

With  this  sum  (or  its  supplement  to  16  pomts,  or  180®,  if  it 
exceeds  9QP)j  or  difference,  as  a  course,  and  the  rate  of  the  current  as 
a  distance,  find  the  Dep. 
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With  this  Dep.  as  Dep.  and  the  rate  of  the  ship  as  Dist.  find  the 

Course. 

This  course  being  applied  to  the  bearing  of  the  port  on  the 
opposite  side  to  that  towards  whi(^  the  current  is  drifting  the  ship» 
gives  the  course  to  be  steered. 

Ex.  1 .    The  port  bean  S.  52°  W.,  the  carrent  sets  S.S.E.  two  miles  an  hour ;  the  present 
rate  of  saHixig  7  knots :  shape  the  course  so  as  to  keep  the  port  on  the  same  bearing. 


By  Inspection.  S.  52°  W.  and  S.S.E.  are  in  adjacent  quarters ; 
(he  turn,  therefore,  of  52°  and  22°^  is  'j^%.  This  course,  with  the 
dist.  2,  gives  dep.  1*9.  The  dist.  7  and  dep.  1*9  give  the  course 
i6*».«  This 


N.W. 


towards 


S.  52°  W.  S 
S.  68°  W. 


16^  applied  to  the  right  (because,  in  facing  towai 
.S.E.  ties  to  the  /^),  gives  the  Couksv  52^+  16°, 


or 


8.W. 


N.E. 


S.E. 


295.  By  Construction.  Take  a 
point  B,  any  where,  and  from  it  lay 
off  the  set  and  rate  of  the  current, 
as  B  C,  S.S.E.  two  miles ;  through 
C  draw  a  line  A  P,  S.  62°  W.,  for 
the  direction  of  the  port ;  from  B 
lay  off  B  A,  7,  the  rate  of  sailing, 
meeting  PA  in  A;  then  CAB  is 
the  angle  16^,  which  the  ship  is  to 
steer  to  the  right  of  the  port. 

It  is  evident,  in  the  present  case,  that  while  the  ship  is  running 
along  A  B,  looking  to  windward  of  the  port,  the  current  is  setting 
her  to  the  left  towards  the  proposed  line,  A  P.  Attention  to  this 
point  will  ensure  marking  A  on  the  proper  side  of  B  C ;  for  if  a  line 
were  drawn  from  B  towards  a  point  between  C  and  P,  to  represent 
the  ship's  course,  it  is  evident  tnat  while  on  it  she  would  be  looking 
to  leeward  of  the  port,  while  the  current  was  also  drifting  her  to 
leeward. 

This  example  will  serve  for  all  cases.  Thus,  while  the  port  bears 
as  above,  suppose  the  current  sets  N.N.W.  2  miles ;  then  the  point 
B  and  the  Ime  A  B  would  lie  on  the  S.E.  side  of  A  P  instead  of  the 
N.W.  side,  the  angle  A  would  be  16^  as  before,  but  the  distance 
A  C  made  good  by  the  ship  in  the  direction  of  the  port,  would  be 
different. 

Ex.  2.  The  port  bears  N.  42®  W.,  the  carrent  nrns  south  3  knots ;  rate  of  sailing,  5  : 
shape  the  Course  as  required  by  the  condition. 

By  Inapeetion.  South  giving  no  angle,  the  first  course  is  42^  at  once,  whidi,  with  Dist.  3, 
gives  Dep.  2.  The  Dist.  5  and  Dep.  2  give  Coursv  24°,  to  be  applied  to  the  right,  because 
in  facing  towards  N.  42®  W.,  south  is  to  the  i^. 

Ex.  3.    The  port  bears  E.,  the  carrent  sets  S.W.  by  S.  3  knots ;  rate  of  sailing,  4. 

East  is  8  points,  or  90°,  which  is  one  of  the  opposite  quarters  to  S.W. ;  the  diff.  of  Z  points 
and  3  points,  or  5  points  as  Coarse,  and  Dist.  3,  give  D^.  2*5.  The  Dep.  2*5,  and  Dist  4, 
give  Course  39®,  which,  applied  to  tiie  left  of  E.,  gives  the  Coubse  to  be  steered  N.  $1°  E. 

Ex.  4.    The  port  bears  S.  82®  E.,  the  current  sets  N.  5^  W.  4  knots ;  rate  of  sailing,  2. 

S.E.  and  N.W.  being  opporite  quarters,  the  diff.  of  82°  and  5^,  or  77°,  is  the  Course ; 
which,  with  the  Dist.  4,  gives  Dep.  3*9.  This  Den.  3*9  being  greater  than  the  Dist.  2  (the 
ship's  rate),  which  is  impossible,  shews  that  the  ship  cannot  maintain  the  bearing  of  the  port. 
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296.  When  the  carrent  sets  at  right  angles  across  the  line  of  di- 
rection of  the  port,  the  ship's  velocity  must  evidently  be  equal,  at 
least,  to  that  of  the  current,  that  she  may  be  able  to  stem  it,  and  to 
preserve  both  the  bearing  and  distance  of  the  port  unchanged. 

Hence,  if  the  current  tend  in  any  degree  to  set  the  ship  away 
from  her  port,  she  will  not  be  able  to  preserve  the  required  position 
unless  her  velocity  exceed  that  of  the  current. 

Case  III.  Given  the  Course  and  Distance  run  by  account  from  a 
well-determined  place,  and  the  true  position  of  the  ship,  to  find  the 
Current. 

297.  By  Inspection.  Having  the  D.  Lat.  and  Dep.,  both  by  ac« 
count  and  as  deduced  from  observation,  take  the  difierence  between 
the  two  D.  Lats.  and  the  two  Deps. ;  if  the  D.  Lats.  are  of  difierent 
names,  take  their  sum,  and  the  same  of  the  Deps. 

When  the  true  lat.  of  the  ship  is  to  the  north  of  the  account, 
mark  the  difil  or  sum  of  the  D.  Lats.  N.,  otherwise  S. ;  and  when 
the  true  longitude  of  the  ship  is  to  the  E.  of  the  account,  mark  the 
diff.  or  sum  of  the  Deps.  E.,  otherwise  W.  Find  in  the  Traverse 
Table  the  course  and  distance  corresponding  to  the  said  differences, 
as  D.  Lat.  and  Dep.  these  are  the  set  and  drift  of  the  current. 

Ex.  1.    A  ship  in  lat.  37^  N.,  nils  S.  57^  E.,  48  miles,  by  aoconnt,  and  is  found  to  have 
made  good  3i'-6  D.  Lat  (S.),  and  44*7  D^  (E.) :  find  the  current. 


D.  Lat  by  account  26*1 
Do*        true  31*6 

Diff.  of  D.  Lats.     5*5  S. 


Dep.  by  account  40*3 
Do.    tnie  44*7 

Diff.  of  Deps.    4*4  £• 


T\»A  D.  Lat.  5*5  S.y  and  Dep.  4*4  E.,  gire  Course  S.  39°  E.,  Dist.  7*1,  the  Skt  and 
Drift  of  the  current  in  the  time.  Suppose  the  time  eight  hours  and  a  lialf,  then  the  Rate 
is  o'S  of  a  mile  per  hour. 

Ex.  2.  A  ship  from  laL  3S®  20'  S.,  and  long.  31°  15'  W.,  sails  S.  40°  E.,  170  miles,  by 
account,  when  she  is  found  by  observation  to  be  in  lat.  40^  54'' 5  S.,  and  long.  30°  44^*8  W. : 
find  the  current. 

The  lat.  by  account,  is  40^  3c/  S. ;  the  long,  by  accounty  28°  53'  W. 


Lat  left        38°  20' 
Lat.  in  40  54*5 


Long,  left        31°  15^ 
Long,  in  30  44*8 

True  D.  Long.  30*2 


True  D.  Lat     2  34*5  »  154*5 
The  mid.  lat  40^  as  Course,  and  Dist  30*2,  give  D.  Lat.  23*0.    (See  No.  318.) 

Dep.  by  account    109*3 


D.  Lat.  by  account    130*2 
Do.        true  154*5 

Diff.  of  D.  Lats.      24*3  S. 


Do.    true  23*0 

Diff.  of  Deps.      86*3  W. 


llie  D.  Lat  24*3  S.,  and  Dep.  86*3  W.  give  Course  S.  74°  W.,  Dist  90  miles,  the  Sbt 
and  Dritt  of  the  current  in  the  given  timei 

Kz.  3.  (By  bearings  and  dist.  of  land.)  A  ship  at  sunset  sets  a  point  of  land,  N.  58^  E«, 
1 1  miles.  Next  morning  having,  as  supposed,  made  good  S.  40^  £•  14  miles,  the  point 
bears  N.  76''  E.  20  miles :  required  the  current. 

The  Bearing  at  sunset,  considered  as  a  Course  firom  the  land  or  S.  58°  W.,  Dist  11,  and 
S.  40^  E.  14,  give  whole  D.  Lat  by  account,  between  the  ship  and  the  point,  16*5  S.  and  Dep. 
0*3  W.     The  Bearing  and  Dist.  in  the  morning  give  the  D.  Lat  4*8  S.,  and  Dep.  19*4  W. 


D.  Lat.  by  account    16*5 
Do.        true  4*8 

11*7 


Dep.  by  account         0*3 
Do.    true  19*4 

19*1 


The  D.  Lat.  11*7,  and  Dep.  19*  i,  give  Course  or  Set  58^  vid  Dist.  or  Drift  22 ;  the  set 
is  evidently  (fifom  the  two  bearings)  between  N.  and  W. 
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The  complete  construction  of  this  last  case,  in  which  longit  tele  is 
involved,  requires  the  use  of  Mercator*s  Chart.  No  further  direc- 
tions are,  however,  necessary  than  to  lay  off  the  place  of  the  ship  by 
D.R.  and  her  true  position  ;  the  line  joining  these  two  points  shews 
the  set  of  the  current,  and  its  drift. 

298.  The  last  example  leads  to  the  remark  that,  unless  the  ship's 
head  be  the  same  way  at  the  taking  of  each  bearing,  as  well  as 
during  the  whole  interval  between  the  observations,  the  resulting 
set  of  the  current  will  be  mixed  up  with  local  deviation ;  and  the 
current  accordingly  cannot  be  truly  determined,  unless  the  effect  of 
local  deviation  be  removed. 

In  this  subdivision*  rules  have  been  laid  down  for  working  cer- 
tain questions  in  current  sailing.  Other  matters  relative  to  the 
current,  which  present  themselves  for  consideration  in  sliaping  the 
course,  and  also  in  determining  the  current  itself  by  experiment,  are 
treated  in  the  division  of  the  work  entitled  "  Navigating  the  Ship." 

4.  Windward  Sailing. 

299.  In  windward  sailing  the  vessel  bound  to  a  port  has  a  foul 
wind.  As  she  is  thus  compelled  to  make  more  courses  than  one, 
the  case  is  one  of  Traverse  Sailing ;  but  as  the  course  on  either  tack 
is  determined  by  the  circumstances,  the  inquiry  is  limited  to  the 
consideration  of  the  time  at  which  it  is  proper  to  tack. 

The  general  principle,  supposing  the  wind  to  remain  unchanged, 
is  to  near  the  port  as  much  as  possible  from  instant  to  instant.  Now 
the  ship  nears  the  port  fastest  on  that  tack  on  which  she  looks  the 
best  up  for  it;  if,  therefore,  she  looks  up  for  the  port  better  on  her 
present  tack  than  she  would  on  the  other,  she  should  stand  on ;  if 
not,  she  should  go  about.  Hence  it  follows,  that  the  ship  should 
constantly  keep  the  port  in  the  wind's  eye ;  but,  as  working  up  on 
this  line  would  require  the  vessel  to  be  continually  tacking,  which  is 
practically  impossible,  the  limits  within  which  the  rule  should  be 
followed  must  be  determined  by  circumstances. 

The  advantage  of  working  up  nearly  in  the  stream  of  the  wind 
towards  any  object,  whether  fixed  or  moving,  is,  that  the  wind  cannot 
be  worse,  and,  therefore,  every  change  must  be  for  the  better.f 

300.  The  distance  ru/i,  or  the  ground  actually  gone  over,  is  the 
same  whether  the  ship  makes  two  boards  or  a  greater  number,  pro- 

*  As  it  u  convenient  occasionally  thus  to  refer  by  name  to  the  several  parts  into 
which,  from  the  classification  adopted,  the  contents  of  this  volume  are  divided,  it  may  be 
stated  briefly  that  the  principal  portions,  as  the  Introduction,  Navigation,  &&,  are  here 
termed  divisioni,  which,  when  necessary,  are  divided  into  chapters,  'Die  parts  of  a  division 
or  of  a  chapter,  distinguished  by  capital  letters,  are  termed  sections ;  the  parts  of  a  section  Id 
large  italics,  subdivisionSf  and  the  further  division  of  these,  in  small  italics  with  figures  in 
brackets,  subsections^  the  prefix  mb  being  thus  applied  to  the  smallest  divisions. 

t  The  question  of  closing  another  vessel  belongs  to  tactics,  and  not  to  our  present  subject, 
which  relates  solely  to  the  plac«  of  the  ship  on  the  sea.  It  may  not  be  useless,  however,  to 
notice  here,  that  in  working  up  to  a  vessel  to  windward,  it  is  proper  to  keep  as  near  the 
stream  of  the  wind  as  circumstances  permit ;  because  from  the  time  that  the  chase  has  dropt 
to  the  weather  beam  of  the  chaser,  the  latter,  however  great  her  superiority  of  sailing, 
to  near  the  chase.     See  Naut.  Mag.  1838,  Art.  '*  Chasing,"  p.  446. 
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Tided  that  no  ground  or  time  is  lost  in  stays :  the  application  of  the 
above  rule,  therefore,  depends  entirely  on  the  probability  of  a  change 
of  wind. 

In  this  subdivision  we  consider  merely  the  general  principle  of 
sailing  with  a  foul  wind.  Other  points  involved  in  Shaping  the 
Course,  as  the  combination  of  a  current  with  a  foul  wind,  the  selec- 
tion of  such  a  course  as  may,  in  certain  cases,  convert  a  foul  wind 
into  a  fair  one,  the  effects  of  local  deviation  which  have  been  observed 
while  sailing  on  different  tacks,  will  be  treated  in  the  Chapter  on 
Navigating  the  Ship,  under  the  heads  "  Shaping  the  Course,"  "  Error 
of  the  Course," 


11.  Parallel  Sailing. 

301.  When  two  places  lie  on  the  same  parallel  of  latitude,  or 
due  east  and  west  of  each  other,  the  distance  between  them,  esti- 
mated along  a  parallel,  or  E.  and  W.  (which  is  all  departure),  is 
converted  into  difference  of  longitude;  or,  on  the  other  hand,  their 
difference  of  longitude  is  converted  into  distance, — by  the  rules  of 
Paballbl  Sailing. 

The  principles  of  Parallel  Sailing  are  contained  in  the  two  fol- 
lowing propositions. 

302.  Prop.  A  parallel  of  latitude  is  a  circle  of  which  the  radius 
is  proportional  to  tne  cosine  of  the  latitude. 

Let  E  P  Q  be  part  of  a  meridian, 
P  the  pole,  £Q  a  diameter  of  the 
equator,  A  a  place  whose  latitude  is 
the  arc  AE. 

Take  B  Q  equal  to  A  E ;  then  B 
is  the  opposite  point  to  A  on  the  same 
parallel.   Join  A  B  crossing  C  P  in  tz. 

Suppose  now  a  ship  to  move  from 
A  round  the  polar  axis  C  P,  preserving  the  same  lat.,  or  the  angle 
P  C  A  constant ;  then  at  the  end  of  half  a  revolution  she  will  be 
at  B,  and  PCB  will  be  equal  to  PC  A. 

Then  CA  and  CB  being  equal,  each  being  a  radius,  and  the 
angles  P  C  A,  P  C  B,  equal,  and  Cn  common  to  the  two  triangles 
A  C  n,  B  C  n,  these  are  equal  (No.  117).  Hence  A  n  is  equal  to  B  w ; 
and  this  holds  for  every  point  of  the  parallel. 

Hence  A  and  B  are  on  the  circumference  of  a  circle  whose 
centre  is  n,  in  the  line  or  diameter  joining  any  two  opposite  points. 

Now  A  n  (see  fig- p.  44)  is  equal  to  the  cosine  of  the  arc  A  E,  C  E 
being  radius;  hence  CE  :  A»  ::  rad.  (=  1)  :  cos  lat.,  which  was  to 
be  proved. 

303.  Prop.  The  length  of  a  circular  arc  is  proportional  to  its 
radius.     Or,  the  length  of  AB  :  the  length  of  aft  ::  C  A  :  Ca. 
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C  is  the  common  centre  of  the  arcs  A  B, 
a  h.  Divide  the  angle  C  into  any  number  ^ 
of  equal  parts,  as  for  ex.  four,  by  the  lines 
CD,  CE.  CF;.join  the  points  A  and  D, 
&c.  by  the  chords  AD,  D  £,  &c.  Then  the 
sides  CA,  CD,  &c.  being  equal,  and  the 
angles  A  C  D,  D  C  E,  &c.  being  equal,  the 
bases  A  D,  D  E,  &c.  are  all  equal.  (No. 
117.) 

In  like  manner  the  chords  ad^  de,  &c. 
are  all  equal. 

Now  the  triangles  C  A  D,  C  a  cZ,  being  isosceles,  and  having  one 
angle  A C D  common,  have  the  remainmg  angles  equal;  they  are 
thus  equiangular,  and  therefore  similar  (148  cor.),  and  their  sides 
are  proportional  (146) ;  hence  AD  :  arf  ::  C  A  :  Ca. 

We  may  multiply  both  terms  of  the  ratio  AD  :  ad  by  any 
number  without  altering  its  value  (Nos. 37  and  7),  whence  4  AD  : 
A  ad  :\  CA  :  Ca.  Now  4  A  D  is  the  sum  of  the  four  equal  chords 
A  D,  D  E,  &c.,  and  4  ad  is  that  of  the  chords  ad^de^  &c.     Hence, 

The  sum  of  the  equal  chords  of  A  B  :  sum  of  the  same  number 
of  equal  chords  of  ai  ::  C  A  :  Ca. 

This  proportion  is  evidently  true,  whatever  be  the  number  of 
equal  parts  into  which  the  an^le  C  is  divided.  It  would  therefore 
hold  equally  for  an  immensely  increased  number  of  diminished 
chords,  as  for  ex.  of  1',  or  I'',  or  a  millionth  of  1'',  or  infinitely  less ; 
it  therefore  holds  of  the  arc  itself,  which  we  may  conceive  to  be 
composed  of  an  indefinitely  great  number  of  indefinitely  small  por- 
tions, each  of  which  is  arc  or  chord  indifferently,*  or  arc  A  B  :  arc 

ah  ::  CA  :  Ca. 

(1).  If  A  B  be  the  equator,  and  ai  a  parallel,  then  C  A  :  Ca  :: 
1  :  cos  lat.     Whence  AB  :  ab  ::  1  :  cos  lat. 

And  since  Difi;  Long,  is  an  arc  of  the  equator,  and  an  arc  mea- 
sured parallel  to  it  in  any  other  latitude  is  called  Dep.,  we  have, 

D.  Long. :  Dep.         Mil  oob.  lat.,              whence  Dep.^iD.  Long,  x  cos.  lat . . .  (1) 
Dep. :  D.  Long.  ::  I  :  aeclat.,  (162(2)  (4))  D.  Long.  -  Dep.  xaec.  lat (2) 

These  are  the  equations  for  Parallel  Sailing. 
(2).  These  equations,  in  logarithms,  become 

Log.  Dep.  »log.  D.  Long.  +  log.  ooe.  lat (1) 

Log.  D.  Long.  Bi log.  Dep.  +log.  sec.  lat.— lo  ...  (2) 

Case  I.  Given  the  distance  run  on  a  given  parallel  of  latitude, 
to  find  the  difference  of  longitude. 

304.  By  Inspection.  (L)  Enter  the  Traverse  Table  with  the  lati- 
tude as  a  course,  and  look  in  the  D.  Lat.  column  for  the  given 
distance ;  the  Dist.  against  this  is  the  Diff.  Long,  required. 


*  Ast  from  the  nature  of  the  case,  the  sum  of  all  the  chords  can  never  twrpan  the  arc, 
though  it  may  approach  indefinitely  near  it,  the  arc  is  said  to  be  the  Umit  of  the  turn  of  the 
liiords  increased  indefinitely. 
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Kz.  A  ship  mm  143  miles  due  W.  in  Lat  38°  11':  required  the  diff.  long,  she  makes 
Cood. 

Tbe  lat.  38°  as  oourse,  and  143  in  the  D.  Lat.  column,  give  the  Dist  181,  or  3®  i' :  the 
Birr.  LoNB.  required. 

(2.)  Or  employ  Table  3,  as  directed  in  the  Explanation  of  the 
Tables. 

305.  By  Computation.  To  the  log.  sec.  of  the  Lat.  add  the  log. 
of  the  Dist. ;  the  sum  (rejecting  10)  is  the  log.  of  the  Diff.  Long. 

Ex.  above.        Lat       38*  11'  log.  sec  0*1046 

Dist.    143  log.  aisS3 

DiFV.  LONQ.    18 1 -9  log.  2*2599 

c 

306.  By  Construction.  Draw  a  line 
AB  east  and  west,  and  lay  off  143  on 
it ;  lay  off  the  angle  BAG  equal  to  the 
Lat.  or  38®  in  this  case ;  draw  B  C  per- 
pendicular to  A  B,  and  meeting  A  C 
in  C.  Then  AC  is  the  Diff.  Long,  re- 
quired. B 

Ditt  or  Dep.  A 

Case  II.  Given  the  Diff.  Long,  of  two  places  on  the  same 
parallel,  to  find  their  distance  as  measured  along  the  parallel. 

307.  By  Inspection.  (I.)  Enter  the  Traverse  Table  with  the 
Lat.  as  course  and  the  Diff.  Long,  as  distance;  the  D.  Lat.  is  the 
distance  required. 

Ex.  The  diff.  long,  of  two  places  in  the  parallel  of  53^  20'  is  12^  14' :  required  their  dit- 
Canoe  as  measured  along  their  parallel. 

Hie  lat.  53^  as  Course,  and  Dist.  734,  giTe  in  the  D.  Lat.  column  442  nearly  :  the  Dia- 
TANCB  required. 

(2).  Or  employ  Tab.  4,  as  directed  in  the  Explanation  of  the 
Tables. 

308.  By  Computation.  To  the  log.  cos.  of  the  Lat.  add  the  log. 
of  the  Diff.  Long. ;  the  sum  (rejecting  .10)  is  the  log.  of  tlie  distance 
required. 

Ex.  aboTe.  Lat.  53^20'  log.  cos.  9*7761 

D.  Long.  12   14  or  734  log.  2*8657 

Dist.  438*3  log.  2*6418 

309.  By  Construction.  Draw  a  line  A  B  (fig.  No.  306)  of  any 
length;  lay  off  at  A  the  an^le  BAC  equal  to  the  latitude  53^; 
take  AC  equal  to  the  Diff.  Long.  734;  from  C  draw  CB  perpen- 
dicular to  A  B ;  then  A  B  is  the  Dist.  required,  and  measures  442. 

310.  In  parallel  sailing  the  Distance  and  Departure  are  iden- 
tical. When  the  course  is  nearly,  though  not  exactly,  on  a  parallel, 
the  distance  run  and  the  departure  are  very  nearly  equal;  hence  it 
is  evident  that  parallel  sailing  will  apply,  nearly  enough  for  common 
purposes,  to  cases  in  which  the  course  is  not  exactly  east  or  west. 

311.  In  lats.  below  5®,  when  the  distance  does  not  exceed  300 
miles,  the  Dep.  may  at  once  be  taken  as  the  Diff.  Long.,  as  the 
greatest  error  will  scarcely  exceed  1'. 
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I.  Middle  Latitude  Sailing. 

312.  This  is  a  method  (founded  on  the  principle  of  parallel 
sailing)  of  converting  the  Departure  into  Difference  of  Longitude, 
and  the  Difference  of  Longitude  into  Departure,  when  the  ship  s 
course  lies  obliquely  across  the  meridian;  that  is  when,  besides 
Departure,  she  makes  Difference  of  Latitude. 

Suppose  a  ship  make  100  miles  departure  in  going,  on  the  same 
(fourse,  from  lat.  38*^  to  lat.  41® ;  this  departure,  if  made  good  alto- 
gether in  lat.  38°,  would  give  127  Diff.  Long,  by  No.  304;  and 
a^in,  if  made  good  in  lat.  41°,  it  would  give  132-6  Diff.  Long. 
ISfow,  since  the  ship  has  sailed  between  these  two  parallels,  and  not 
on  either  of  them  exclusively,  her  real  Diff.  Long,  must  be  between 
127  and  132*5;  and  therefore  we  may  conclude  it  to  be  not  far  from 
that  which  would  result  from  a  departure  made  good  altogether  in 
the  middle  parallel;  hence  the  name  of  the  sailing. 

313.  Middle  latitude  sailing  has  thus  the  same  two  cases  as 
parallel  sailing ;  and,  accordingly,  the  rules  for  inspection,  compu- 
tation, and  construction,  already  given,  Nos.  304,  &c.,  apply  equally 
to  this  sailing,  observing  merely  to  read  middle  latitude  for  latitude. 

314.  When  the  latitudes  of  the  two  places  are  of  the  same  name, 
the  middle  lat.  is  half  their  sum.* 

In  using  the  Traverse  Tables,  it  is  enough  to  take  the  latitudes  to 
the  nearest  degree. 


Ex.  1.    A  ship  sails  from  lat  51®  33'  N. 
to  49''  9'  N. :  find  the  Mid.  Lat. 

Lat.  left    52° 
Lat.  in      49 


Blx.  2.  A  ship  sails  from  lat.  i°  N.  to 
lat.  1°  S. 

The  ship  moving  near  the  equator,  the 
consideration  of  middle  latitude  is  omitted, 
and  the  Dep.  taken  as  the  Diff.  Long. 


lOI 

Mid.  Lat.    50 

When  the  latitudes  are  of  contrary  names,  no  sensible  error  can 
arise  from  taking  the  Dep.  itself,  made  good  from  day  to  day,  as  the 
Diff.  Long.  But  in  greater  distances  between  places  in  opposite 
latitudes  it  is  proper  to  convert  the  Dep.  made  good  in  N.  lat.  into 
Diff.  Long,  by  means  of  the  north  mid.  lat.,  that  is,  half  the  N.  lati- 
tude, and  that  made  good  in  S.  lat.  by  half  the  S.  lat. 

When,  on  the  other  hand,  the  Diff.  Long,  is  to  be  converted  into 
Dep.,  this  rule  does  not  apply.  It  will  be  near  enough  for  common 
purposes,  when  the  latitudes  are  either  very  nearly  equal  or  very 
unequal,  to  employ,  as  the  mid.  lat.,  half  the  greater  latitude.     In 

*  The  rule  which  directs  half  the  difference  of  the  latitudes  of  two  places  on  opposite 
sides  of  the  equator  to  be  employed  as  their  middle  latitude,  is  erroneous.  The  error  will 
be  readily  perceived  in  considering  a  casa.  Suppose  a  ship  sails  S.E.  from  lat.  to^N.  toi 
10^  S. ;  it  is  evident  that  her  diff.  long,  will  be  exacUy  the  same  as  if,  on  reaching  the  equa- 
tor, she  returned  to  the  same  N.  lat.,  steering  N.E.,  since  her  course  is  the  same,  and  she 
moves  in  the  same  lats.  in  both  cases.  Thus  the  mid.  lat.,  which  is  the  average  of  all  the 
latitudes  passed  through,  or  the  half  sum  of  the  first  and  last,  and  is  here  5°,  is  independent 
of  the  distinctions  of  N.  and  S.  The  common  rule  gives  o  for  the  mid.  lat. ;  whence  it 
would  follow  that  the  diff.  long,  made  good  by  a  ship  in  ranging  through  all  the  latitudea 
between  10°  N.  and  10^  S.,  or  any  other  equal  latitudes,  however  great,  would  be  the  same 
as  if  she  made  good  her  departure  altogether  on  the  eq|uator  —  a  conclusion  manifestly  erro- 
neous. 
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an  intermediate  case  we  may  combine  the  two  mid.  lats.,  giving  tlie 
greater  weight  to  that  which  corresponds  to  the  greater  latitude. 

Ex.  1.    Knd  the  mid.  lat.  between  30^  N.  and  29^  S. 

The  latB.  being  nearly  equal,  half  of  30^,  or  15°,  may  be  taken  as  the  Mm.  Lat, 

Ex.  2.    Bnd  the  mid.  lat  between  30^  N.  and  2°  S. 

Half  of  30°,  or  15°,  may  be  taken  as  the  Mid.  Lat. 

Ex.  3.    Find  the  mid.  lat.  between  30°  N.  and  15°  S. 

The  N.  mid.  lat.  is  15°,  the  S.  mid.  lat.  is  7°  nearly ;  now  the  mid.  lat.  15°  corresponds 
to  30®  of  lat.,  and  Ihe  other,  or  7°,  to  only  half  as  mudi.  Instead,  therefore,  of  dividing  the 
snni  of  the  two  by  1,  we  gire  to  the  first  double  the  weight  of  the  other,  and  divide  by  3 ; 
Uiiia,  15  +15  •fy*  or  37  divided  by  3,  gives  12^,  the  Mid.  Lat.  required,  nearly. 

Case  I.  Given  the  departure,  to  iind  the  difierence  of  longitude. 

Ex.  L  A  slup  fiom  laL  51^9'N.  sails  S.W.  by  W.  216  miles:  required  her  Lat  in  and 
Diff.  Long. 

315.  By  iTispectian,  Find  the  D.  Lat.  and  Dep.,  and  the  Lat.  in. 
Find  the  Mid.  Lat. ;  then,  with  the  Mid.  Lat.  as  Course,  look  for 
the  Dep.  in  the  D.  Lat.  column^  the  corresponding  Dist.  is  the  D. 
Long,  required. 

By  Case  I.  of  Plane  Sailing,  S.  5  points, 
Dist  216,  give  D.  Lat.  120  and  Dep.  179*6  ; 
henoe  the  Lat.  in  is  49°  9'  N. 

Lat  left        51   9  N. 

100  18         Mid.  Lat  50^ 

316.  By  Computation,  Havine;  found  the  Dep.  and  the  Mid. 
Lat.,  add  together  the  log.  sec.  ofthe  Mid.  Lat.  and  the  log.  of  the 
Dep. ;  the  sum  (rejecting  10)  is  the  log.  of  the  Diff.  Long. 

Ex.  above.    Dep.  179*6  Mid.  Lat  50^9' 

Mid.  Lat.     50''  9' 
Dep.  179-6 

DiTF.  LoMO.  280*3  (4®  4o''3) 


Then  Course  50^  and  Dep.  179*6  in  the 
D.  Lat.  column  give  Dist  279  or  4°  39',  the 
DiFV.  Long,  required. 


log.  sec.  0*1933 
log.  2*2543 


317.  Bv  Construction.    (Ex.  1.)     Lay  off  SCA  the  Course  5 
points,   and    take    CA    the   Dist.  216;  ^^ 

draw  AB  perpendicular  to  CS.  The 
figure  is  thus  far  complete  for  plane 
sailing.  Case  I. 

Lay  off  the  angle  BAL  equal  to  the 
Mid.  Lat.  50°,  and  A  L  meeting  C  S  is 
the  Diff.  Long.  280. 

Ex.  2.  A  ship  from  Lat  29*  40'  N.  sails  E.N.E. 
till  she  makes  72  miles  D.  lat :  required  the  Dist  run 
and  Diff.  Long. 

£jr  IfupeetUm,  By  No.  276,  Course  6  points  and 
D.  Lat  71*9  give  Dep.  173*7;  and  72  miles  northing 
giTe  lat  in  30*  52'  N. 

Lat  left    29''4o'N. 
Lat  in       30  52  N. 


Mid.  Lat 


60  32 
30  16 


Course  30^  (Mid.  Lat.)  and  Dep.  173*7  as  D.  Lat  gire  Diet.  201  or  3°»i',  the  Diyr. 
LoKO.  reqoired. 
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By  Construction.  C  B  A  represents  the 
fig.  for  plane  sailing.    . 

Lay  ofF  B AL  equal  to  the  mid.  lat.  30^; 
and  A  L  is  the  Difi.  Long,  and  measures 
201. 

These  two  examples  of  construction  are 

sufficient  for  the  case. 

c 

Ex.  3.     A  ship  from  lat.  44°  58'N.  runs  230  miles,  and  makes  56  miles  southing :  find 
the  Course  and  Diff.  Long. 

By  Case  IT.  of  Plane  Sailing,  p.  86,  the  Dist.  230  and  D.  lAt.  56  stand  together  over 
the  Course  76^  and  against  the  Dep.  223*2  ;  then  56'  southing  gives  Lat.  in  44^  2  N. 

The  Lat.  left  44^  and  Lat.  in  45°  give  the  Mid.  Lat  44°^  or  44^. 

Course  44°  (Mid.  Lat)  and  Dep.  22*3  in  D.  Lat  column  give  Dist.  31 :  hence  theDiFr 
LoNO.  if  310,  or  5°  10'. 

Case  II.  Given  the  latitudes  and  longitudes  of  two  places,  to  find 
the  departure,  and  thence  the  course  and  distance  between  them. 

Ex.  Find  the  Course  and  Diet  between  C.  Sierra  Leone,  in  lat.  8°  30'  N.,  long.  13°  8'  W., 
and  C.  St  Roque,  lat  5''28'  S.,  long.  35*^  17' W. 

318.  By  Inspection.  Find  the  Mid.  Lat.  and  the  DifF.  Long,  of 
the  places ;  open  the  Traverse  Table  at  the  Mid.  Lat.  as  a  course, 
look  for  the  jDifi^.  Long,  in  the  Dist.  colamn,  and  take  out  the 
D.  Lat.:  this  is  the  Dep.  required. 

The  Dep.  and  given  Difil  Lat.  between  the  places  give  the 
Course  and  Dist.  by  Case  III.  Plane  Sailing,  p.  80. 

C.  Sierra  Leone,  lat.     8°  30'  N.  Long.  1 3°  1 8'  W. 

C.  St  Roque  S   ^^  S.  3s    i?  W. 

D.  Lat     13   58  DiiF.  Long,    ai    59 

Or    838  miles  Or     13 19  miles. 

The  Mid.  Lat  of  8°  30'  is  4°  x  5',  that  of  5**  28'  is  2°  44',  or  4°  and  3°  nearly.  As  4^  cor- 
responds  to  the  greater  lat.,  we  may  adopt  it  as  the  Mid.  Lat.  (Assigning  the  relative  weights 
witn  some  further  precision  gives  3  40'  as  the  Mid.  Lat) 

Course  4*  (Mid.  Lat.)  and  Dist  132  give  131*7  in  the  D.  Lat  col.;  this  as  Dep.,  and 
D.  Lat  83*8,  give  Couksb  57*'4»  Dist.  1570  miles. 

319.  By  Computation.  Find  the  DifF.  Long,  and  the  Mid.  Lat.; 
to  the  log.  COS.  of  the  Mid.  Lat.  add  the  log.  of  the  DitF.  Long. :  the 
sum  is  the  log.  of  the  Dep. 

Ex.  ahove.    D.  Lat.  838,  D.  Long.  13 19,  Mid.  Lat  3^40', 

Mid.  Lat.      3^40'  log.  cos.   9*9991 

Diff.  Long.    13 19  log.   3*1202 

Dbp.  1 3 16  log.   3*1193 

The  Dep.  being  now  found  and  the  D.  Lat.  given,  the  Course  and  Dist.  may  be  found. 
(Ko.  279.) 

Construction.  Construct  the  triangle  for  taming  the  Diff.  Long, 
into  Dep-,  as  in  No.  306  (reading  Mid.  Lat.  for  Lat.).  Then  having 
the  D.  Lat.  and  Dep.  the  process  is  completed  by  drawing  the  figure 
as  for  Case  II L  of  Plane  Sailing,  p.  85. 

320.  When  the  Mid.  Lat.  is  below  5^,  and  Dist.  under  300  miles, 
see  No.  311. 
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Examfjles/or  Exercise, 

Ex.  1.    If  a  ship  from  Tynemouth  Castle,  in  Lat.  55°  i'  N.  and  Long,  i^  25'  W.,  saib  S.E. 
by  S.  296  miles :  what  is  her  present  latitude  and  longitude  ? 

Ans.  Lat.  in  50*  55*  N. ;  Diff.  Long.  a73m. ;  Long,  in,  3''  8'  E. 

.  2.    A  ship  from  Cape  Clear,  in  Lat.  51^  26'  N.  and  Long.  9""  29'  W.,  sails  S.W.  263 
miles !  required  her  Lat.  and  Long. 

Ans.  Lat  48®  20' ;  Diff.  Long.  288-7 ;  whence  the  Long,  in  is  14®  18'  W. 

3.    Find  the  Coarse  and  Distance  between  Tynemouth  and  the  Naze  of  Norway. 

Ans.  Course  N.  57"^  42'  E. ;  Distance,  331*3  miles. 

Kx.  4.    Beqnired  the  Course  and  Distance  from  a  place  A,  in  Lat  51°  25'  N.  and  Long. 
9°  29'  W.,  to  a  place  B,  in  Lat  36°  57'  N.  and  Long  25°  6'  W. 

Ans.  Course  S.  37^  4 s'  ^' »  Distance,  1098  miles. 

Elz«  5.    Beqnired  the  Course  and  Distance  from  a  place  A,  in  Lat  56°  12'  N.  and  Long. 
2*»  36'  W.  to  a  place  B,  in  Lat  57**  58'  N.  and  Long.  7®  3'  B. 

Ans.  Course  N.  71^  23'  £. ;  Distance,  332  miles. 

Ex.  6.    Required  the  Course  and  Distance  from  A  to  B ;  Lat.  of  A  53°  18'  N. ;  Long,  of  A 
0°  55*  E. ;  Lat  of  B,  57°  58'  N.;  Long.  B  f  3'  B- 

Ans.  Course  N.  36°  34'  E. ;  Dbtanoe,  349  miles. 

2.  Mercator' 8  Sailing. 

321.  This  sailing  is  employed  for  exactly  the  same  purposes  afl 
middle  latitude  sailing;  but  it  is  a  perfect  method,  which  the  other 
is  not. 

The  calculations  are  performed  by  the  help  of  a  table  of  Meri- 
dional Parts,  Table  6. 

322.  To  find  the  Meridional  Difference  of  Latitude.  When  the 
latitudes  are  of  the  same  name,  take  the  difference  of  the  meridional 
parts  for  the  two  latitudes ;  when  of  contrary  names,  take  the  sum. 

Case  I.  Given  the  course  between  two  places,  and  their  latitudes, 
to  find  their  difi^erence  of  longitude. 

Ex.  1.    (Lata.  fouM  name.)    A  ship  from  lat  51®  9' N.  sails  8.W.  by  W.  216  miles: 
required  the  Lat.  in  and  Diff.  Long. 

323.  By  Inspection.  Having  found  the  Lat.  in,  take  out  the 
meridional  parts  (Table  6)  for  it,  and  for  the  Lat.  left;  find  the 
Meridional  JOiff.  Lat.  (No.  322). 

With  the  Course,  and  Mer.  D.  Lat.  in  the  D.  Lat.  column,  find 
the  Dep. ;  this  is  the  Diff.  Long. 

By  Case  I.  No.  273,  the  Course  5  points  and  Dist.  116  give  D.  Lat.  lao  and  Dep.  i''9*6 1 
this  D.  Lat.  suhtracted  from  51°  9'  gives  Lat.  in,  49°  9'  N. 

Lat  fai       49*'  9'  N.  Mer.  parts  3396 

Lat.  left     519  3583 

Mer.  D.  Lat.    187 
The  Course  5  pomts  and  D.  Lat.  187  give  0ep.  280,  or  4°  40'  the  Divr.  Lonq, 

324.  By  ComputcUion.  Find  the  Lat.  in,  and  the  Mer,  D.  Lat. 
To  the  log.  tan.  of  the  Course  add  the  log.  of  the  Mer.  D.  Lat. ;  the 
sum  (rejecting  10)  is  the  log.  of  the  D.  Long. 

Ex.  above.     Lats.  49°  9'  and  57°  9',  Course  5  pouits. 

5  points  log.  tan.  10-1751 

Mer.  D.  I-dit.  187  log.     a'«7'8 

Diff.  Long.  179*8,  or  4^  39'- 8  log.     2*4469 
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rThia  is  the  canon  (3)  No.  272.  It  wffl  be  wiffidenUy  nndcntood  by  obMnring  that,  in 
the  fig.  below,  C M  ia  tlie  Mcr.  D.  Lat,  and  M L  the  Diff.  Long.,  and  CM  I  M  L  ::  rad. 
:  tan.  M  C  L  the  course. 

This  example  is  sufficient  for  any  variety  of  the  Case  I, 

325.  By  Construction.  Lay 
off  the  course  M  C  A,  S  5  points 
W. ;  take  C  A  216  the  Dist. ; 
draw  AB  perp.  to  CS:  the  fig. 
CAB  is,  thus  far,  the  case  for 
plane  sailing. 

Now  lay  off  C  M  the  Mer. 
D.  Lat.  187,  and  draw  ML 
parallel  to  A  B  meeting  C  A 
produced :    M  L  is  the  Diff.  ^ 
Long,  and  measures  280. 

This  example  of  construc- 
tion is  sufficient  for  Case  I. 

Ex.  2.    A  ship  from  lat.  29''  40'  N.  sai^  E.N.E.  till  she  makes  72  miks  D.  Lat :  find 
her  Diff.  Long. 

By  Intpection,    Course  6  points  and  D.  Lat  72  giye  Dist.  1S8  miles:  the  Lat.  in  if 
yP  52'. 

Lat  left  29^  40'  Mer.  parts   1865 

Lat  in      30   52  —        1949 

Mer.  D.  I^t.      84 
Course  6  points  and  D.  Lat  84,  giTe  Dep.  203,  or  3°  23',  the  Difv.  Long. 

Case  II.  Given  the  latitudes  and  longitudes  of  two  places  to  find 
the  course  and  distance  between  them. 

Ex.    Find  the  Coarse  and  Distance  between  Ushant,  in  lat  48^  28^  N.  long.  5®  3'  W.« 
a»d  St  Michaers,  Ut  37""  44'  N.  long.  25°  40'  W. 

326.  3y  Inspection,  Take  out  the  mer.  parts  for  the  two  lats. : 
find  the  Mer.  D.  Lat.  and  the  Diff.  Long. 

Enter  the  Traverse  Table  with  the  Mer.  D.  Lat.  as  D.  Lat.  and 
the  D.  Long,  as  Dep. :  this  gives  the  Course. 

Then  with  this  Course  and  the  true  D.  Lat.  find  the  Dist.,  which 
is  the  distance  required. 


Ushant,  kt  48""  28'  N. 
St.  Mich.      37  44 

10  44 


Mer.  parts  3334 

*448 

Mer.  D.  Lat  886 


liong.     5°  3'  W. 
25  40  W. 

20  37 


True  D.  Lat.   644  Diff.  Long.   1237 

llien  88*6  as  D.  Lat  and  Dep.  123*7  give  CouasB  54°;  and  D.  Lat  644  giyes  1095 
mfles,  the  Dist.  required. 

327.  By  Computation.  (1.)  For  the  Course.  Find  the  Mer. 
Diff.  Lat.  and  the  Diff.  Long.  From  the  log.  of  the  Diff.  Long, 
(adding  10  to  the  index  if  necessary)  subtract  the  log.  of  the  Mer.  D. 
Lat. :  the  remainder  is  the  log.  tan.  of  the  Course. 

(2.)  For  the  Distance.  Find  the  course ;  then  to  its  log.  sec.  add 
the  log.  of  the  true  D.  Lat. :  the  sum  is  the  log.  of  the  Distance. 

Ex.  above.     M.  D.  Lat.  886 ;  D.  Long.  1237 ;  tme  D.  Lat  644. 


Diff.  Long.        1237 
Mer.  D.  Dat      886 

Course  S4^h' 


log.   3-0924 
log.  2*9474 

tan.  0*1450 


Coarse    54**  24' 
Tr.  D.  Lat  644 

Dist.  1106 


log.  sec.  0*2350 
log.  2*8089 

log.  3*0439 
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328.  Sy  Construction,  Draw  the  meridian  C  S*  throug^li  one  of 
the  places,  say  Ushant,  and  on  it  lay  off  the  Mer.  D.  Lat.,  886  from 
C  to  M.  Draw  M  L  perpendicular  to  C  S  and  equal  to  the  Diff. 
Long.  1237;  join  CL,  and  SCL  is  the  Course. 

Lay  off  C  B  the  true  D.  Lat.  on  C  S,  draw  B  A  parallel  to  L  M, 
and  CAistheDist.  IIO(i. 

329.  When  the  lat.  is  below  5^  and  the  dist.  less  than  300 in., 
see  No.  332. 

Bxan^U$  for  BxereUe. 


1.    A  ship,  in  Lat  36^  40'  S.  and  Long.  16^  20'  E.,  sails  W.  N.W.  until  she  arriyes  in 
Lat.  33"  10'  S. :  find  the  Diff,  of  Long,  and  also  the  Long,  come  to. 

Ana.  Diff.  Long.  6ao'4W. ;  whence  the  Long,  come  to  is  6**  d'     E. 

Ex.  2.  A  ship  from  Lat  4.2°  25'  N.  and  Long.  15^  6'  W.  sails  N.E.  by  E.  for  several  days, 
and  then  finds  by  observation  she  is  in  Lat.  46°  40'  N. :  find  what  Diff.  of  Long, 
she  has  made ;  also  find  her  Long.  in. 

Ans.  Diff.  Long.  536;  whence  her  Long,  in  is  6^  10'  W. 

Kz.  3.    A  ship,  in  Lat.  42^  30^  N.  and  Long.  58°  51'  W.,  sails  S.E.  by  S.  300  miles  x  find 
the  Diff.  Long.,  and  also  the  Long.  in. 

Ans.  Diff.  Long.  219  miles ;  Long,  in  55^  12'  W 
Bz.  4.    Find  the  Course  and  Distance  between  Tynemouth  and  the  Naze  of  Norway. 

Ans.  Course  N.  $7°  ^'  E. ;  Distance,  331*4  miles. 

Ex.  5.     Required  the  Course  and  Distance  between  Tynemouth  and  Helgoland. 

Ans.  Course  S.  81°  8'  £. ;  Distance,  324     miles. 

Bz.  6.  Required  the  Course  and  Distance  from  Diego  Ramirez,  in  Lat.  $6°  29'  S.,  Long. 
68"* 43'  W.,  and  C.  Lopatka,  in  Lat.  si""  2'  N.,  Long.  156*  46'  E. 

Ans.  Course  N.  46^  21'  E. ;  Distance,  9346  milas. 

3.  Selection  of  Mid,  Lat.  or  Mercator^s  Sailing. 

[1.]  Finding  ike  Dif.  Long. 

330.  The  difference  of  longitude  found  hy  Mid.  Lat.  is  true  at 
the  equator,  and  very  nearly  true  for  short  distances  in  all  latitudes, 
especially  when  the  course  is  nearly  £.  or  W.  In  high  latitudes, 
when  the  distance  is  great  and  the  course  oblique,  the  error  becomes 
considerable ;  but  the  result  may  be  made  as  accurate  as  we  please 
by  subdividing  the  distance  run  into  small  portions,  and  finding  the 
Diff.  Loner,  for  each  portion  separately. 

331.  The  Diff.  Ijong.  deduced  by  Mid.  Lat.  sailing  is  too  small : 
an  estimate  of  the  error  for  places  on  the  same  side  of  the  equator 
may  be  formed  by  the  help  of  a  few  cases.  Suppose  the  course  4 
points  or  45°,  and  the  D.  Lat.  \QP  or  600  miles ;  then  if  this  D.  Lat. 
IS  made  good  in  any  latitude  below  30°  the  error  of  the  D.  Long, 
will  not  exceed  2^;  if  made  good  between  the  parallels  of  40°  and 
50^  the  error  will  be  about  3' ;  and  between  60°  and  70^  about  19^, 
or  ^  of  a  degree.     For  smaller  distances  the  errors  will  be  much 

*  The  figure  in  the  preceding  page  will,  after  the  yarious  examples  giren,  serve  suffi- 
ciently weU  to  illustrate  generally  the  construction  of  this  case.  The  learner  will  merely 
obserre,  that  ii  the  other  place  was  to  the  northward  of  Ushant,  the  Mer.  Diff.  Lat.  C  M 
would  be  laid  off  to  the  northward  of  C.  In  like  manner,  if  the  other  place  was  to  the 
aattward  of  Ushant,  the  D.  Long.  M  L  would  be  laid  off  to  the  eastward,  or  to  the  right  of 
the  meridian. 
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less,,  and  ibr  greater  distances  much  greater,  as  they  vary  in  much 
tnore  rapid  proportion  than  the  distances.* 

&12,  It  is  proper  to  remark  that  when  the  Course  is  large,  thai 
IS,  near  seven  or  eight  pointsi,  the  D.  Lon^.  should  be  found  by 
middle  latitude  in  preference  to  Mercator's Sailing;  because^ although 
the  latter  is  mathematically  correct  in  principle,  yet  a  small  error  in 
the  Course  may,  when  the  Course  is  large,  produce  a  considerable 
error  in  the  Difference  of  Longitude. 

The  reason  of  this  is  easily  shewn.  In  mid.  lat.  sailing  we 
<»>nvert  the  departure  into  D.  Long.  The  process  increases  the  Dep. 
in  a  proportion  which  is  less  than  2  to  1  in  all  latitudes  below  6(J^, 
and  exceeds  3  to  i  in  latitudes  beyond  70®.  The  error  of  the  Dep., 
increased  in  the  same  proportion,  becomes  thus  the  error  of  the  D. 
Long.  Now  when  the  course  is  nearly  E.  or  W.  the  Dep.  is  nearly 
the  same  as  the  distance,  and  an  error  of  some  degrees  in  the  course 
does  not  affect  the  Dep.  sensibly ;  hence  in  this  case  the  error  of  the 
D.  Long,  depends  on  that  of  the  Dist.  alone. 

But  in  Mercator's  Sailing,  on  the  other  hand,  we  convert  tho 
Mer.  Diff.  LaL  into  D.  Long.,  and  the  process,  when  the  Course  is 
large,  converts  a  given  Mer.  Ditf.  Lat.  into  a  D.  Long,  much  groatcr 
than  itself;  and  thus  increases  the  error  of  the  Mer.  Diff.  Lat.  in  th« 
same  proportion.  Thus,  for  example,  at  the  course  8QP  the  D.  Long, 
exceeds  the  Mer.  Diff.  lisit.  in  the  proportion  of  6  to  1 ;  at  the  course 
85®  this  proportion  is  1 1  to  1.  Now  when  the  course  is  large  a  slight 
change  in  it  sensibly  affects  the  D.  Lat.,  and  also  the  Mer.  Diff.  lat., 
which  is  deduced  directly  from  it. 

In  high  latitudes  the  Mer.  parts  vary  rapidly,  and  the  error  of 
the  D.  L(»ng.  is  aggravated  accordingly ;  hence  the  precept  more 
especially  demands  attention  in  high  latitudes. 


[2.]  Fmding  the  Qmne  or  Bearing 

333.  The  bearing  of  the  port  is  truly  deduced  in  low  latitudes 
and  at  short  distances  by  the  method  of  Mid.  Lats. ;  but  the  result 
cannot  be  rendered  accurate  in  high  latitudes  by  subdividing  the 
distance,  which  is  unknown,  into  small  portions:  such  cases  are 
truly  solved  by  Mercator's  sailing. 

W  hen  the  bearing  is  large,  or  near  90^,  the  method  of  Mid.  Lats. 
should  be  preferred  to  Mercator. 

334.  The  course  or  bearing  computed  by  mid.  lat.  sailing  is  to« 
great.  The  error,  however,  in  ordinary  cases,  will  be  much  less  than 
that  to  which  the  ship's  course  itself  is  liable. 

335.  The  Course  as  reduced  by  Traverse  sailing,  from  several 
courses,  does  Qot  afford  accurately  whether  by  Mercator's  or  Middle 
Jjatitude  Sailing,  the  Diff.  Long,  made  good  by  the  ship,  because  the 


*  The  proper  mid.  lat.  to  employ  should  be  somewhat  greater  than  the  meaiB  of  the  lats. 
A  Table  has  been  giyen,  by  Workman  ("Navigation  Improved/'  London,  1805),  shewing  the 
correction  to  be  added  to  the  mean  of  the  latitudes,  in  order  to  obtain  true  results.  Bot 
for  common  purposes  the  usual  method,  of  which  the  recommendation  in  practice  is  its 
great  convenience,  would  seem  to  be  near  enough,  and  when  more  precision  is  required  the 
complete  solution  by  Mercator's  Sailing  is  effected  with  very  little  more  labour.    (See  No.  234.) 


THE  SAILINGS.  105 

Dtff.  Long,  made  good  on  any  Course  depends  entirely  upon  the 
latitude  in  which  the  ship  actually  moves. 

Ex  1.  A  slup  sails  from  Lat.  70^  N. ;  1st,  N.E.  .^joo  nules  to  Lat  74^  43',  then  S.E.  400 
mUes,  when  she  returns  to  the  pareUel  of  70^,  having  made  Dep.  556  miles,  and 
D.Long.  31°  18'. 

Ex.  2.    She  sails  556  miles  on  the  parallel  of  70°,  making  D.  Long.  27^  34'. 

Ex.  3.  Starting  from  70°,  as  abovei  she  sails  S.E.  400  miles  to  Lat.  65°  i/,  then  N.E.  400 
miles  to  70°,  having  made  556  miles  of  Dep.  and  D.  Long.  24^  54'. 

The  1st  and  3d  case,  reducing  the  two  courses  to  one  by  the 
Traverse  Table,  give  the  same  Course  and  Dist.  made  good  as  in 
Case  2,  viz.  East  666  miles,  or  Dep.  666m.,  and  D.  Long.  27^  34', 
which  is  erroneous.  In  Case  1,  this  Dep.  is  made  good  in  the 
average  lat.  of  72°i ;  in  Case  2,  in  70** ;  and  in  Case  3,  in  68^ 

It  may  appear  perplexing  to  the  student  that  the  ship  should 
return  to  the  same  parallel j  after  having  made  a  given  Dep.y  and  yet 
that  her  long.,  that  is,  her  position  in  the  parallel,  should  be  different 
in  different  cases ;  but  he  must  bear  in  mind  that  the  Dep.  has  not 
been  made  good  on  the  parallel^  except  in  Case  2.  If  he  lays  off 
a  case  of  the  kind  on  the  globe,  he  will  perceive  clearly  the  nature 
of  the  question. 

To  obtain  accurately  the  Diff.  Long,  each  course  should  there- 
fore be  separately  considered.  But,  in  general,  except  in  very  high 
lats.,  the  distances  are  not  large  enough  to  introduce  much  error  on 
this  account. 


III.  Great  Circle  Sailing. 

336.  When  the  ship  sails  on  a  rhumb  line  (No.  198),  her  track 
cuts  all  the  meridians  as  she  passes  them  in  succession,  at  the  same 
angle ;  and  thus,  while  steering  a  course,  her  head  is  kept  on  the 
same  point  of  the  compass  until  she  reaches  her  intended  port.  This 
condition,  namely,  keeping  the  course  constant,  is  the  most  con- 
venient in  practice,  and,  besides,  produces  in  all  the  calculations  in 
which  the  place  of  the  ship  is  concerned  the  utmost  simplicity  of 
which  they  are  capable.  But  the  track  on  the  rhumb  line  is  not  the 
shorted  distance  measured  directly  over  the  surface  of  the  sphere 
from  one  place  to  another,  or  the  distance  **  as  the  crow  flies,"  except 
when  the  course  is  due  north  or  south,  or  east  or  west  on  the  equator. 
The  shortest  distance  between  two  points  on  the  surface  of  a  sphere 
is  the  portion  or  arc  which  they  include  of  the  circle  passing  through 
both  the  points  and  the  centre  of  the  sphere.  Such  a  circle  is  called 
a  great  circle^*  as  distinguished  from  other  circles  whose  centres  do 


*  The  great  circle  patting  through  two  places  may  be  found  on  a  globe  by  stretching  a 
thread  evenly  between  them ;  or,  by  turning  the  globe  about  till  the  two  places  fall  on  the 
upper  edge  of  the  wooden  rim,  or  horizon  of  the  globe,  which  thus  marks  the  circle.  The 
dirtanoe  between  the  points  may  be  measured  at  once  by  laying  the  thread  along  the  equator 
of  the  globe.  The  courses  are  found  by  measuring  the  angles  between  the  thread  and  the 
meridians ;  the  most  convenient  instrument  for  wluch  u  the  horn  semicirde,  or  protractor, 
as  it  is  also  called  (No.  108).  In  order  to  compare  the  great  circle  with  the  riiumb  Une  the 
latter  must  be  projected  on  the  globe. 
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not  coincide  with  the  centre  of  .the  sphere;  as,  for  instance,  the 
parallels  of  latitade,  of  which  the  centres  are  in  the  axis  between  the 
centre  and  the  pole,  and  which  are  called  small  circles.  Hene« 
sailing  on  a  circle  of  the  former  kind  is  called  Great  Circle  Sail- 
ing.* On  this  course,  and  on  this  course  alone,  the  ship  steers  for 
her  port  as  if  it  were  in  sight. 

The  three  arcs  joining  two  points  on  the  surface  of  a  sphere  with 
each  other,  and  with  a  third  point,  and  having  for  their  common 
centre  the  centre  of  the  sphere,  constitute  a  Spherical  Triangle.  In 
the  problem  under  consideration  the  two  places  are  the  two  points, 
and  the  third  point  is  the  pole,  and  the  triangle  is  formed  by  the 
distance  between  the  places  and  their  colatitudes.  Some  of  the  rules 
in  this  section  may  be  employed  accordingly  in  other  problems  of 
spherical  trigonometry. 

337.  Great  Circle  Sailing  is  adapted  principally  to  the  second 
only  of  the  two  cases,  No.  270,  or  Shaping  the  Course ;  because  the 
ship,  even  when  moving  on  a  great  circle,  must  necessarily  be  kept 
on  the  same  course  (that  is,  on  a  rhumb  line)  for  a  short  distance  at 
a  time,  and  her  place  may  then  be  deduced  by  the  rules  already 
given  in  the  preceding  section  with  incomparably  greater  con- 
venience than  it  could  by  any  rule  in  which  the  distance  made  good 
was  rigorously  considered  as  described  on  a  circle.  Although  this 
sailing  is  thus  restricted  to  one  case,  we  shall,  for  the  sake  of  clear- 
ness, divide  the  problem  of  finding  the  course  by  Inspection  into  two 
cases,  namely,  Case  I.  in  which  the  places  are  on  the  same  side  of  the 
equator,  and  Case  II.  in  which  they  are  on  opposite  sides.f 

Case  I.  JBi/  Inspection,  (The  places  on  the  same  side  of  the 
equator.) 

(1.)  For  the  Dist.  With  the  two  lats.  enter  the  Spherical  Tra- 
verse Table  (Table  5),  and  take  out  M  and  N. 

With  the  complement  of  the  Diff.  Long,  as  a  Course  and  Dist.  100 
(Table  2),  find  the  Dep.,  and  write  it  under  N. 

When  the  Diff.  Long,  is  less  than  90®  add  this  Dep.  to  N. ;  when 
the  Diff.  Long,  is  greater  than  90®  take  the  diff.  of  the  Dep.  and  N. 

With  this  sum  (or  diff.)  as  D.  Lat.  and  Mas  Dist.  find  the  arc  in 
Table 2:  this  is  the  Distance  required  in  degrees  of  60  miles  each. 

(2.)  For  the  Course.  Having  found  the  Distance.  With  the  lat. 
in,  and  the  compl.  of  the  Dist.  in  degrees,  find  M  and  N.   (Table  5.) 

With  the  lat.  to  as  Course  and  M  as  Dist.  (Table  2),  find  the 
Dep.,  and  write  it  under  N.  When  the  Diff.  Long,  is  less  than  90®, 
take  the  diff.  between  this  Dep.  and  N.  When  the  Diff.  Long, 
exceeds  90^  take  the  sum  of  the  Dep.  and  N. 

With  this  diff.  (or  sum)  as  D.  Lat.  and  Dist.  100  (Table  2),  find 
the  Course. 


*  ParaUel  sailing,  for  a  like  reason,  is  sailing  on  a  tmaU  circle. 

t  A  very  ingenious  method  of  finding  the  course  on  a  great  circle  has  been  devised  by 
Mr.  Towson,  of  Devonport,  and  published  by  the  Hydrographic  Office.  The  method  employs 
a  plate  on  the  principle  of  linear  tables,  called  the  linear  index ;  and  the  table  followmg  it 
gives  at  once,  on  inspection,  aU  the  courses  on  any  given  great  circle  for  each  s°  of  difference 
of  longitude.    (<<  Tables  for  FaciliUting  Great  Circle  Sailing.") 
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The  Course  is  to  be  reckoned  according  to  the  following  i  ule : 


Ditt  lett  than  90°  (or  5400  nules). 

Di8t.  greater  than  90°  (or  5400  mUes.     ^ 

Dq).  kt8  than  N. 

CouTBe  to  be  reckoned 

in  N.  lat  fit>m  N. 
in  S.hit  fromS. 

Coone  to  be  reckoned 

inN.IatfromS. 
in  S.  lat.  from  N. 

Course  to  be  reckoned 

in  N.  lat  from  N. 
in  S.lat.  from  S. 

Ex.  1.  Fmd  the  Distance  between  St.  Helena,  in  lat.  15°  55'  S.,  long.  s''44'^*»  ^^ 
Cape  Uoni,  in  lat.  $5°  59'  S.  and  long.  67°  16'  W.,  and  the  Course  frx)m  rach  place  to  the 
other. 

The  D.  Long,  between  5^44' W.  and  67°  16' W.  is  6x°  32' ;  compl.  ft8°. 

For  the  Distance. 
x6°  and  56°  (the  lata.)  give  M  186*0  N  42*5 


28°  (oo-diff.  long.)  and  Dist.  100  give 
(D.  Long,  less  than  90*.) 


Dep.  46*9 
Sum  89 '4 


The  Dist.  186*0  and  D.  Lat.  89*4  give  6x°  nearly,  or  Dist.  3660  miles.    The  comple* 
mentof  61°  is  29°. 

For  the  Course  from  C.  Horn. 

$6°  (Lat.  ta)  and  co-Dist.  29° 

M  204*5        ^  ^^'* 
16°  (Lat.  to)  and  Dist.204*5         Dep.  56*3 

-W".  »5*9 

Dut.  100  and  D.  Lat.  25*9  give  75°, 
which  is  N.  7S*E.,  the  Course  required, 
because  the  Dist.  is  lett  than  90*,  the  Dep. 
lest  than  N,  and  the  Lat.  is  south. 


For  the  Course  frt>m  St.  Helena. 

16°  (Lat.  t»)  and  co-Dist.  29° 

M  ii8*9        N  15*9 
56°  (Lat.  to)  and  Dist.  118*9        Dep.  98*6 

(D.  Long,  lets  than  90°.)  Dif,  82-7 

Dist.  xoo  and  D.  Lat.  82*7  give  34°, 
which  is  S.  34°  W.,  the  Course  required, 
because  the  Dist.  is  less  than  90°,  the  Dep. 
ffreater  than  N,  and  the  Lat.  is  south. 


Bj  Mercator's  Sailing  the  Course  is  50°  from  either  place  to  the  other,  and  the  Distance 
3740  miles. 

Ex.  2.    Find  the  Distance  between  Madeira,  in  lat.  32°  38' N.,  long.  16^55'W.,  and 
Bermuda,  in  lat.  32^  20' N.,  long.  64°  51' W.,  and  the  Course  from  Madeira. 

The  D.  Long,  is  47°  56' ;  the  oompl.  42^. 
For  the  Distance. 


52°  and  33*^  M  140*6 

42°  (co-D.  Long.)  and  xoo 


N  40-6 
Dep.  66*9 

Sum  107*5 

Dist.  141  and  D.  Lat.  107*5  give  40^,  or 
9400  miles,  the  Dist.  required. 


For  the  Course. 
33''  (Mad.)  and  co-Dist.  50^ 


M  185*5 
32°  (Berm.)  and  185*5 


N  77*4 
Dep.  98*3 

Diff.  20-9 

Dist.  100  and  D.  Lat.  20*9  give  78% 
which  is  N.  78^  W.,  the  Course  required, 
because  the  Dist.  is  less  than  90,  the  Dep. 
greater  than  N,  and  the  Lat.  north. 

Ex.  3.  Find  the  Distance  between  a  point  in  long.  180°  on  the  equator,  and  another  in 
lat.  40^  N.,  long.  140^  W.,  and  the  Courses  between  these  points. 

For  the  Distance.  Lata,  o"*  and  40"*  give  M  130*5  and  N  o.  Then  50°  (the  co-D.  Long.) 
and  Dist.  too  give  Dep.  76*6 ;  the  sum  of  N  and  this  is  76*6,  and  Dist.  130*5  with  D.  Lat« 
76*6  gives  54^,  or  Dxst.  3240  miles. 

For  the  Course  from  Lat.  o^.    o^  and  the  co-Dist.  36^  give  M  123*6,  N  o ;  40°  and  124 
give  Dep.  79*7 ;  Dist.  100  and  D.  Lat.  79*7  give  37*^,  which  is  N.  37°  £.,  the  Coursb 
e^juifed. 

For  the  Course  from  Lat.  40°.  40°  and  36°  give  M  161*4,  N  61*0;  o  and  Dist.  161 
give  Dep.  o ;  Dist  100  and  D.  Lat.  6i'o  give  52^,  which  is  S.  $^^'W,,  the  CouKSS  required 
as  the  Dep.  o  is  leas  than  N. 
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338.  Case  II.  By  Inspection.  (The  places  on  apposite  sides  of  the 
equator.) 

(1.)  For  the  Distance.  With  the  two  lats.  take  out  M  and  N. 
(Table  6.) 

With  the  complement  of  the  D.  liOng.  as  Course  (Table  2),  and 
Dist.  100,  find  the  Dep. 

When  the  D.  Long,  is  less  than  90®,  take  the  difference  between 
this  Dep.  and  N ;  when  the  D.  Long,  is  ^rea^er  than  90^,  take  the 
eum. 

With  this  diflFl  or  sum  as  D.  Lat.  and  M  as  Dist.  find  the  Course 
or  arc  in  Table  2. 

When  the  D.  Long,  is  less  than  90®.  If  the  Dep.  is  greater 
than  N,  this  arc  is  the  Dist.  required ;  if  the  Dep.  is  less  than  N, 
take  the  supplement. 

When  the  D.  Long,  is  greater  than  90®,  take  the  supplement  of 
the  arc. 

(2.)  For  the  Course.  Having  found  the  Distance,  with  the  Lat. 
tn  and  the  complement  of  the  Dist.  to  90®,  find  M  and  N . 

With  the  Lat.  to  as  course  and  M  as  Dist.  (Table  2),  find  the 
Dep. 

When  the  D.  Long,  is  less  than  90®,  take  the  sum  of  this  Dep. 
and  N ;  when  the  D.  Long,  is  greater  than  90®,  take  the  difference. 

With  this  sum  or  difl^  as  D.  Lat.  and  Dist.  100  (Table  2),  find 
the  Course,  which  is  to  be  reckoned  as  follows: — 


Dist  ie88  than  W  (or  5400  mQes.) 

Dist  r'eaUr  than  90''  (or  5400  miles) 

Course  to  be  reckoned 

in  N.  lat.  from  S. 
in  S.  lat  from  N. 

Dep.  leu  than  N. 

Dep.  greater  than  N. 

Course  to  be  reckoned 

in  N.  lat.  from  N. 
in  S.  lat  from  S. 

Course  to  be  reckoned 

in  N.  lat.  from  S. 
in  S.  lat  from  N. 

Ex.1.    Find  the  Distance  between  C.  Palmas,  in  lat.  4^22'N.  long.  7°44'W.,  and 
C.  Frio,  in  lat.  23°  o'  S.  long.  41°  57'  W.,  and  the  Course  from  each  place  to  the  other. 

The  D.  Long,  is  34°  13' ;  the  complement  is  65°. 

For  the  Distance. 

4°  and  23°  (lats.)  give  M  108*9  ^     V^ 

56°  (co-Diff.  Long.)  and  100  Dep.  82-9 

(D.  Long,  leea  than  90°.)  D{S^,  79*9 

Dist.  109  and  D.  Lat.  79*9  give  43°,  or  Dist.  2580  miles ;  the  compl.  is  47°. 

For  the  Course  irom  C.  Frio. 
Frio)  and  47°    M  159*3,  N  45*5 


23*  (C.  Fri 
4J  (C.  Pal. 


For  the  Course  from  C.  Palmas. 

4°  (C.  Pal.)  and  47°     M  i47*o,  N    7*5 
23°  (C.  Frio)  and  147  Dep.  57*4 

(D.  Long,  lets  than  90°.)  Sum  64*9 

Dist.  100  and  D.  Lat.  64*9  give  49°, 
which  is  S.  49°W.,  the  Counss  required, 
beoiuse  the  Dist  is  let$  than  90°  and  the 
Lat.  is  north. 

Ex.  2.  Find  the  Courses  and  Distance  between  Diego  Ramirez,  in  lat.  56°  29'  S.  lone. 
68°43'W.,  and  C.Lopatka,  in  lat  5i*'2'N.  long.  156^46' B.  The  D.  Long,  is  i34°3», 
the  co-D.  Long.  45°. 


)  and  159  Dep.   12  5 

Sum  58*0 

Dist.  TOO  and  D.  Lat  58*0  give  55°, 
which  is  N.  55°  E.,  the  Course  required, 
because  the  Lat.  is  south. 
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'  For  tike  Distance.  51°  and  56}°  give  M  288*0,  N  186-6.  Then  44^°  and  Dfet.  100  giye 
Bep.  70*1 ;  the  9um  of  N.  and  Dep.,  or  256*7  as  D.  Lat,  and  Dist.  z88,  giye  27^  or  DiST. 
153°,  or  9180  miles:  the  co-dist.  is  63°. 

For  the  Conrae  from  Diego  Ramirez.  $6^°  and  63°  give  M  399' i»  N  296*6 ;  51°  and 
399  give  Dep.  310*0 ;  the  dijff^,  13*4  and  Dist.  100  give  82^:  Coursb,  N.  82°  W. 

For  the  Course  firom  C.  Lopatka.  51°  and  63°  give  M  350*0,  N  242*4;  564°  and  350 
give  Dep.  291*8;  the  <^.  49*4  and  Dist.  100  give  60°:  Cou&sb,  S.  60°  E. 

339.  To  find  the  Courses  and  the  Distance  between  the  places 
by  Computation.  Find  the  co-latitudes  of  the  places.  If  the  places 
are  on  different  sides  of  the  equator,  add  90^  to  the  latitude  of  one 
of  them  for  its  co-latitude.     Find  the  D.  Long.,  and  take  half  of  it. 

(1.)  For  the  Courses.  Take  half  the  sum  of  the  colats.  and  half 
their  diff.  Add  together  the  log.  cot.  of  half  the  D.  Long.,  the 
log.  sec.  of  the  half  sum,  and  the  log.  cos.  of  the  half  difference:  the 
sum  (rejecting  tens)  is  the  log.  tang,  of  half  the  sum  of  the  two 
courses. 

When  the  half  sum  of  the  colats.  exceeds  9(P,  take  the  supple- 
ment of  the  resulting  arc  for  the  half  sum  required. 

To  the  same  log.  cot.  add  the  log.  cosec.  of  half  the  sum  of  the 
colats.,  and  the  log.  sine  of  half  their  diff. ;  the  sum  (rejecting  tens) 
18  the  log.  tan.  of  half  the  difference  of  the  two  courses. 

The  sum  of  the  half  sum  and  half  diff.  of  the  two  courses  is  the 
course  from  the  place  in  the  smaller  of  the  two  co-latitudes  to  the 
other ;  the  difference  of  the  said  half  sum  and  half  diff.  is  the  other 
course. 

The  course  is  to  be  reckoned  from  the  N.  point  in  north  latitude, 
and  from  the  S.  point  in  south  latitude. 

Ex.  1.  Find  the  Courses  on  the  great  circle,  between  St.  Helena,  in  lat.  15°  55'  S.  long. 
5«  44'  W.  and  C.  Horn,  in  lat.  55°  59'  S.  long.  67°  16'  W. 

The  D.  Long,  is  61^  32' ;  half  D.  30"^  46'. 

Colat.  34^*1'    (C.  Horn)      30^46'     log.  cot.  0*2252  0*2252 

Colat.  74  5      ( St.  Hel^) 

Sum   108  6           half  sum   54    3  log.  sec.  0*2313  log.  cosec.  0*0918 

Diff.     40  4           half  diff.   20     i  log,  cos.  9*9729  log.  sin.      9*5343 

69^35'  log.  tan.  0*4294  35° »3'  log.  tan.  9*8513 

35   *3 


CouasB,    S.  104  58  E.  from  C.Hom,  or  N.  75°  2' E. 
Course,    S.    34   12  W.  from  St.  Helena. 

Ex.  2.  Find  the  Courses  on  the  great  circle  between  Diego  Ramirez  in  lat.  56°  29'  S., 
long.  68''43' W.,  and  C.  Lopatka,  in  lat.  si*'  2'N.,  long.  156'' 46'  E. 

The  D.  Long,  is  134°  3 1'l  the  co-lats.  33°  31'*  and  141°  2'.  The  half  sum  of  the  required 
oouraea  is  79°  S',  and  the  half  diff.  18^42'.  The  sum  of  these  is  the  Couksb  from  colat. 
33°  31',  or  Diego  Ramirez,  S.  97°  50^  W.,  or  N.  82°  10'  W. ;  the  diff.  is  the  Course  from 
C.  IiO{ntka,  or  S.  60''  26'  £. 

(2.)  For  the  Distance.  Take  the  supplement  of  the  D.  Long,  to 
12''  or  180®.     Add  together  the  two  co-latitudes. 

Add  togetherthe  log.  sine  square  of  the  said  supplement,  and  the 
log.  sines  of  the  co-latitudes :  the  sum  (rejecting  tens)  is  the  log.  sine 
square  of  an  auxiliary  arc  x. 

Write  X  under  the  sum  of  the  colats.,  and  take  the  sum  and 
diflrerence,  and  the  half  sum  and  half  difference. 

Add  together  the  log.  sines  of  the  last  two  terms :  the  sum 
(rejecting  tens)  is  the  log.  sine  square  of  the  Distance  required. 
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Ex.    Find  the  Distance  between  St.  Helena,  in  lat.  xs^'ss'S.  long.  5^44'W.,  and 
C.  Horn,  in  lat.  55°  59'  S.  and  long.  67°  16'  W. 

D.  Long.     61°  32' 

SuppL        n8   28  log.  sin.  sq.  9*8681 

Colat.  34      I  log.  sin.         9*7477 

Colat.  74     4  log.  sin.         9*9830 

Sum  108     5 

Arcjp  78     7  log.  sin.  sq.  9*5989 

Sum  186   12 

Diff.  29   58 

4  Sum        93     6  log.  sin.         9*9994 

4  Diff.         14  59  log.  sin.         9*4125 

DiST.  61^4',  or  3664  miles,     log.  sin.  sq.  9*4119 
The  Distance  by  Mercator's  Sailing  (No.  327)  is  3736  miles,  or  72  more. 

340.  The  course  on  the  rhumb  line,  frona  one  of  two  places  to 
the  other,  is  exactly  the  opposite  of  the  course  to  that  place  from 
the  other;  wliile,  on  the  great  circle,  as  appears  from  the  preceding 
examples,  these  courses  are  very  different.  The  ship,  while  on  the 
rhumb  line,  is  always  changing  the  direction  of  her  head  witli 
respect  to  her  port,  for  which  she  never  steers  exactly  until  it  is  in 
Bight,  because  this  track  cuts  all  the  meridians  at  the  same  angle, 
and  the  meridians  themselves  are  not  parallel  to  each  other;  but  on 
a  great  circle  she  steers  directly  for  her  port,  while,  as  the  angle 
made  by  her  track  with  the  meridians  is  perpetually  varying,  the 
direction  of  her  head  appears  by  the  compass  to  be  continually 
changing.  This  track,  accordingly,  is  the  only  one  on  which  the 
ship  nears  her  port  by  the  whole  amount  of  distance  which  she 
makes  good  from  instant  to  instant. 

Great  circle  sailing  includes  the  case  of  sailing  on  a  meridian  or 
due  N.  and  S.,  and  on  the  equator,  because  the  meridians  and 
equator  are  great  circles. 

341.  While  sailing  at  the  same  rate  on  the  same  rhumb,  the 
ship  always  changes  her  latitude  by  the  same  quantity;  but  while 
sailing  at  the  same  rate  on  the  great  circle  she  may  change  her 
latitude,  not  only  by  unequal  quantities,  but  in  opposite  direction^. 
For  example,  suppose  the  polar  seas  navigable,  tnen  the  shortest 
way  for  the  ship  to  go  from  a  point  in  the  arctic  circle  (or  any  other 
parallel  of  nortn  latitude)  to  another  point  1 80^  of  longitude  from  it, 
and  in  the  same  latitude,  would  be  to  cross  the  pole ;  in  which  case 
she  would  flrst  steer  north  and  then  south,  whereas  on  the  rhumb 
line  she  would  constantly  steer  east  or  west. 

342.  The  track  on  the  great  circle  and  that  on  the  rhumb  line 
differ  most  widely  from  each  other  in  high  latitudes,  and  between 
places  on  nearly  the  same  parallels.  On  the  other  hand,  when  the 
places  are  on  opposite  sides  of  the  equator,  the  great  circle  and 
rhumb  line  intersect  each  other,  and  the  difference  between  them  is 
not  so  conspicuous.  In  low  latitudes,  and  in  all  latitudes  when  the 
course  is  nearly  on  a  meridian,  the  two  curves  nearly  coincide. 

343.  If  the  arc  of  the  great  circle  passing  through  the  two  places 
(not  being  both  on  the  same  meridian  or  on  the  equator)  be  pro- 
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fhtced  beyond  tbem,  and  carried  round  the  globe,  it  will  pass  through 
two  points  diametrically  opposite  in  latitude  and  longitude,  which  we 
have  called  vertexeSy  each  of  them  being  the  highest  point  in  latitude 
N.  and  S.,  passed  through  by  the  circle.  The  vertex  is  90^  from 
the  point  where  the  great  circle  between  the  places  (or  produced 
beyond  them)  cuts  the  equator. 

When  the  course  shaped  on  the  great  circle  from  each  place  is 
less  than  90^  (reckoning  both  courses  from  the  nearest  pole),  the 
vertex  falls  between  the  places.  At  this  point  the  ship,  neither  in- 
creasing nor  diminishing  her  latitude  for  a  time^  steers  E.  or  W. 
But  when  the  course  from  one  of  the  places  exceeds  90®,  the  vertex 
of  the  circle  falls  outside  the  arc  joining  them. 

344.  To  find  the  Latitude  and  Longitude  of  the  Vertex. 

(1.)  For  the  Latitude.  To  the  log.  cos.  of  the  lat.  of  one  of  the 
places  add  the  log.  sine  of  the  course,  on  the  great  circle,  from  this 
place  to  the  other:  the  sum  is  the  log.  cos.  of  the  lat.  required. 

(2.)  For  the  Longitude.  Add  together  the  log.  cosec.  of  the 
latitude  already  employed,  and  the  log.  cot.  of  the  course  already 
employed :  the  sum  is  the  log.  tan.  of  the  D.  Long,  between  the 
vertex  and  the  place  worked  from. 

Ex.  1.     Find  the  vertex  of  the  great  circle  passing  through  Rio  de  Janeiro,  in  lat. 
ai**  55*  S.  long.  43°  9'  W.,  and  the  Cape  of  Good  Hope,  in  lat.  34°  2*'  S.  long.  18°  30'  E. 

The  Course  from  Rio  is  S.  63°  12'  E.,  that  from  the  Cape  S.  80°  44^*  W. ;  each  of  these 
ooorsea,  reckoned  from  S.,  being  less  than  90°,  the  vertex  falls  between  the  places. 


Latitude. 

Rio,  lat.     22°  55'  COS.*  9*9643 

Course       63    12  sin.   9*9506 

Lat.  34^42'  cos.   9*9149 


Longitude. 

22°  55'  cosec.  0*4096 

63    12  cot.      9*7034 

D.  Long.     52°  23'      tan.  0*1130 
Rio  43     9  W. 


Long.       9   14  E. 

Ex.  2.    Find  the  vertex  on  the  great  circle  passing  through  St.  Helena  and  C.  Horn. 

Bj  Ex.  No.  339,  the  Coarse  from  St.  Helena  is  S.  34"^  12' W.,  that  from  C.  Horn  is 
S.  104°  58^  E. ;  since  one  of  these  courses  exceeds  90°,  the  vertex  faUs  without. 

Ans.  Lat.  57°  17' S.;  Long.  85°  10' W. 

345.  When  the  ship  sails  on  a  great  circle  between  two  places 
on  the  same  side  of  the  equator,  she  is  always  in  a  higher  latitude 
than  if  she  had  sailed  on  the  rhumb  line ;  hence,  since  both  tracks 
coincide  at  their  extremities,  there  must  be  a  point  in  the  great 
circle  at  which  its  distance  from  the  rhumb  line,  measured  on  a 
mmdian,  is  greater  than  any  where  else ;  this  point  we  shall  call 
the  point  of  Maximum  Separation  in  Latitude.^ 

When  the  ship  crosses  the  equator,  there  are  two  such  points, 

*  As  none  but  the  logarithmic  sines,  cosines,  &c.  are  employed  in  this  work,  we  shall 
henceforth,  for  brevity,  dispense  with  the  abbreviation  lop.  in  the  examples. 

"f*  The  two  points  on  the  great  circle  to  which  the  above  names  have  been  assigned  are  of 
great  importance  in  practice,  not  only  because  they  convey  a  tolerably  distinct  idea  of  the 
difference  between  the  figure  of  the  great  circle  projected  on  the  chart  and  the  loxodromic 
ouve  (as  the  rhumb  line  is  also  called),  but  because  they  afford  a  rapid  method  of  projecting 
the  great  drde  approximately,  while  the  regular  process,  by  means  of  rectangular  oo-ordi- 
18  an  operation  of  seme  labour. 
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the  one  being  to  the  northward  of  the  rhumb  line  in  north  latitiiac, 
and  the  other  to  the  southward  of  the  rhumb  line  in  south  latitude. 

346.  To  find  the  latitude  and  longitude  of  the  point  of  Mazimuui 
Separation. 

(1.)  For  the  Latitude.  Find  the  position  of  the  vertex,  No.  344, 
then 

To  the  log.  COS.  of  the  lat,  of  the  vertex  add  the  log.  cosec.  of 
the  course  on  the  rhumb  line :  the  sum  is  the  lo^.  cos.  of  the  lat. 
required. 

(2.)  For  the  Longitude.  To  the  log.  cosec.  of  the  lat.  of  the 
vertex  add  the  log.  cos.  of  the  rhumb  course ;  the  sum  is  the  log« 
sine  of  the  diff.  long,  between  the  vertex  and  point  required. 

The  point  of  Max.  Sep.  necessarily  falls  between  the  places; 
when  therefore  the  vertex  tails  without  the  arc  joining  them  there  is 
no  ambiguity  in  the  place  of  the  point  in  question. 

When  the  vertex  falls  between  the  places,  the  point  of  Max.  Sep. 
falls  between  the  vertex  and  the  place  most  distant  from  this  in 
longitude,  that  is,  towards  the  place  in  the  lower  lat.  when  both 
places  are  on  the  same  side  of  ttie  equator.  When  the  latitudes  of 
the  places  are  equal,  the  vertex  and  point  of  Max.  Sep.  coincide,  and 
fall  m  the  middle  long,  between  the  places.* 

Ex.  1.    Find  the  point  of  Maximum  Separation  in  Latitude  between  the  great  drde 
the  rhumb  line,  in  the  voyage  between  St.  Helena  and  Cape  Horn. 

The  Course  by  Mercator  is  49°  57'.    The  Vertex,  in  lat.  57°  1/  S.,  long.  85**  10'  W. 


Latitude. 

Lat.        57°  17'        cos.  9*7328 

Rhumb  Co.  49   57         cosec.  o'ii6i 

Lat.  45° 4'        cos.  9*8489 


Longitude. 

cosec  0*0750 
COS.     9*8085 

D.  Long-       49°  54'     sin.      9*8835 
Long,  of  Vertex  85    lo 

Long.      35   16  W. 


Ex.  2.    Find  the  point  of  Maximum  Separation  in  Latitude  between  the  great  circle  and 
the  rhumb  line,  in  the  voyage  between  the  Cape  of  Good  Hope  and  Monte  Video. 

Rhumb  Course,  89°  31'.    Vertex,  40°  35'  S.,  18°  31'  W. 

Lat 


40°  35' 

COS.     9-8805 

cosec.  0*1867 

89  31 

cosec.  c'oooo 

008.      7-9261 

40°  35* 

COS.     9*8805 

D.  Long.    0°  44' 
Vertex      18   31 

Long.  17  47 

sin.      8*1128 

Ex.  3.    Find  the  point  of  Maximum  Separation  in  South  Latitude  in  the  Toyage  betweea 
Diego  Ramirez  and  C.  Lopatka. 

Rhumb  Course,  46*  21'.    Southern  Vertex,  56°  50'  S.,  59°  21'  W. 

Lat.        56°  50'  COS.     9*7380 

Rhumb  Co.    46  21  cosec.  0*1405 


Lat.  49^53'        COS.     9*8785 


cosec.  0*0772 
COS.      9*8390 

D.Long.     55^32'         sin.      9*9162 
Vertex        59  21 

Long.  114  53 

The  manner  of  projecting  the  track,  and  of  measuring  the  dis- 
tance on  Mercator's  chart,  are  described  in  Chap.  V. 

*  In  the  1st  &  2d  editions  of  this  work  the  rule  for  this  purpose  is  independent  of  the 
vertex ;  bat  it  requires  modification  in  certain  cases,  and  the  process  now  given  is  less 
oomplex. 
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Other  matters  demanding  consideration  when  it  is  proposed  to 
make  a  voyage  on  a  great  circle,  such  as  deducing  the  place  of  the 
ship,  and  snapin^  the  course  afresh  from  time  to  time,  are  treated 
in  the  division  of  the  work  appropriated  to  Navigating  the  Ship. 

The  elements  of  several  tracks  on  a  great  circle  are  collected 
together  in  the  following  Table  for  reference. 


Bcmrada  & 
The 


C.  Clear  & 

St.  John's,  Newf. 

Cape  6.  Hope  & 
Hobarton 

Cape  G.  Hope  & 
C.  Horn 

Cape  G.  Hope  & 
Java  Head 

Cape  G.  Hope  & 
Monte  Video 

Cape  G.  Hope  & 


Diego  Ram.  & 
C.  Lopatka 

EnganOf  C»  & 
Port  SL  ~ 


Helena,  St  & 
C.  Horn 

Hobarton  & 
MaaiFoera 

HOTUf  C*  & 
£.  Cape,  New  Z. 

Valparaiao  & 
aAiIIiaer 


Rhomb 


Couiw 


68^12 

87  II 

85  14 

70  o 

71  I 
89  31 

78  I 
4.6  21 

79  >5 
49  57 
84  59 
76  37 
84  32 


Dist. 


2873 

i75> 
6149 

3792 

5088 

3675 

3309 
9346 

6155 

3736 
6221 

4740 
5417 


Great  Circle 


Couiw 


N49'33'E 
N  88  39  W 

N  80  41  W 
N  65  45  £ 

S  34  47  E 
S40    o  W 


S40 

S72 

8  86 
S56 

S66 
S66 


11  W 
9£ 

12  E 
2  W 

57  W 
8E 


S84  44  W 
S  63  12  E 

\N9%  10  W 
S  60  26  E 


N46 
N59 

S34 
N75 

S38 
S  32 

S49 
S  32 

S43 

S5I 


3  E 
41  W 

12  W 
2E 

oE 

54  W 

50  W 
44E 

52  w 
oE 


DUt. 


2812 
1676 

5384 

3590 
5010 

359^ 

3267 

9185 
5824 
3664 

5504 
4*49 
4995 


Vertex 


Lat 


P.e' 


49*^58 


52   2 


61  54 


57  49 


34  33 


¥>   35 


34  44 

56  50  S 
56  50  N 

46  59 


Long. 


6057'W 


21  19 


87  5 
46  3W 


25  10 


18  3x 

9  X4E 

59  »JW 
120  39  E 

166  7W 


57  17    85  loW 


63  II 

64  42 


54  3» 


151  39W 
112  43W 
>33  44W 


Point  of  Mas.  8«|ih 


Lat. 


46-13' 


51  37 


61  48 
55  a8 


29  25 


40  34 


32  48 

40  53  S 
40  53  N 

46  2 


45  5 
63  4 

63  54 
54  »8 


Lonf. 


35''4f'W 
31  17W 
81  40  E 
22  14W 
46  42  E 
1747W 

12  icW 

114  54W 
176  11  E 

179  7E 
35  »8W 


CHAPTER  IV. 
Taking  Departures. 

I.  By  a  Single  Bearing  and  Distakob.     II.  Determination  of 

Distance.    III.  Methods  bt  the  Chart. 

347.  Determining  the  place  of  the  ship  with  reference  to  a 
point  of  land,  or  other  position  of  known  latitude  and  longitude,  i^ 
called  Taking  a  Departure. 

348.  The  position  of  the  ship  with  respect  to  a  point  of  land  or 
other  fixed  and  conspicuous  object  is  defined  by  the  direction  in 
which  she  lies,  and  her  distance  from  it. 

The  direction  or  bearing  of  the  ship  from  the  land,  being  the 
opposite  of  the  bearing  of  the  land  from  the  ship,  is  furnished  at  once 
by  the  compass,  or  it  may  be  found  by  observation  of  an  Astrono" 
mical  Bearing  ;  but  the  distance  from  the  point,  when  it  cannot  be 
estimated  or  guessed  with  sufiicient  precision,  must  be  deduced  by 
means  of  some  further  observation,  taken  at  the  same  time  as  the 
bearing,  or  after  an  interval. 

When  a  former  position  of  the  ship  herself  is  adopted  as  a  point 
of  departure,  the  direction  (or  course)  and  the  distance  are  deduced 
from  the  reckoning. 


L  Bt  a  Single  Bearing  and  Distance. 

349.  The  object  being  set  by  the  compass,  its  distance  is  esti- 
mated by  the  eye. 

This,  which  is  the  common  method  of  taking  departures,  is  near 
enough  when  the  distance  is  small ;  but  the  error  or  uncertainty  in 
the  estimation  of  the  distance,  which,  perhaps,  may  be  stated  gene- 
rally at  one-fifth  of  the  whole,  becomes  considerable  when  the  dis- 
tance is  great.     Distances  thus  estimated  are  generally  overrated. 


IL    Determination  of  Distance. 

1.  By  two  Bearings  of  the  same  Object. 

360.  When  the  ship*s  path  lies  across  the  line  of  direction  of  the 
object^  the  distance  can  be  obtained  by  two  bearings  and  the  distance 
run  by  the  ship  in  the  interval  of  time  between  them. 
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Take  the  bearing  of  the  object,  and  note  the  number  of  points 
contained  between  it  and  the  ship's  head.  After  the  bearing  has 
altered  not  less  than  two  or  three  points,  note  the  number  of  points 
in  the  same  angle  again. 

NoTB.  The  ship  ia  supposed  to  keep  the  same  course ;  if  not,  the  course  made  good 
most  be  employed,  and  the  local  deviation,  if  considerable,  allowed  for,  as  it  wiU  affect  th* 
different  courses  differently. 

(1.)  To  find  the  distance  when  the  last  bearing  was  taken. 
Enter  Table  7  with  the  first  number  of  points  at  the  top  and  the 
second  number  of  points  at  the  side ;  take  out  the  number  corre- 

rnding,  and  multiply  it  by  the  number  of  miles  made  good  by  the 
p :  the  result  is  the  dist.  in  miles  at  the  time  the  last  bearing  was 
taken.* 

Ex.  The  Eddyttone  bore  N.W.  by  W. ;  after  running  W.  by  S.  8  miles,  it  bore  N.N.E.: 
required  its  Dist  at  this  last  bearing. 

The  number  of  points  between  N.W.  by  W.  and  W.  by  S.  is  4 ;  that  between  N.N.E.  and 
W.by  S.  is  II ;  under  4  at  the  top  and  against  11  at  the  side  stands  0*72,  which  multiplied 
by  8  (miles),  gives  5*8  miles,  the  Dist.  required. 

The  student  can  easily  supply  a  figure. 

(2.)  To  find  the  distance  when  the^r^^  bearing  was  taken. 

Enter  the  ^  Table  with  the  supplement  (or  difference  from  16 
points)  of  the  second  number  of  points  at  the  top,  and  the  supple- 
ment of  the  first  number  of  points  at  the  side  ;  take  out  the  multi- 
plier, and  proceed  as  above  directed. 

Ex.  Find  the  Distance  of  the  Eddystone  at  the  time  the  first  bearing  (or  N.W.  by  W. 
above)  was  taken. 

The  second  number  of  points  is  11,  the  supplement  of  which  is  5  ;  the  first  number  is 
4  points,  the  supplement  of  which  is  12 ;  then  5  at  the  top  and  12  at  the  side  give  the  num- 
ber 0*85,  which  multiplied  by  8  gives  6*8  miles,  the  Dist.  required. 

When  the  number  of  points  between  the  object  and  the  ship's 
head  at  either  observation  is  8,  that  is,  when  the  bearing  is  at  right 
angles  to  the  course,  the  distance  may  be  found  by  the  Traverse 
Table  (Table  1  or  2),  by  entering  the  table  with  the  number  of  points 
at  the  other  observation  as  a  course,  and  the  distance  run  as  D.  Lat.; 
the  corresponding  Dep.  is  the  distance  of  the  object  when  observed 
at  90^  from  the  course. 

351.  Degree  of  Dependence.  As  both  the  bearings  and  the  dis- 
tance run  are  in  all  cases  more  or  less  liable  to  error,  the  resulting 
distance  cannot  be  considered  as  exactly  determined. 

The  degree  of  dependence  may  be  estimated  by  altering  the 
bearings  and  distance  by  small  quantities  equal  in  amount  to  the 
probable  errors,  and  repeating  the  work.     (See  p.  62.) 

Ex.  In  the  example  above,  if  the  first  bearing  be  taken  as  N.W.  |  W.  instead  of  N*  W. 
by  W.,  the  resulting  distance  will  be  6*5.  If,  on  the  other  hand,  the  second  bearing  be 
taJ^en  as  N.by  E.  4  £•  instead  of  N.N-E.,  the  resulting  dist.  will  be  5*9.  Since  thus  an 
tnor  of  4  ^  point  in  rither  bearing  produces  at  most  an  error  of  6*5— 5-8,  or  0*7  of  a  mile, 
the  case  is  a  good  one. 

(1.)  In  general  it  will  be  enough  to  suppose  an  error  in  that 
bearing  which  differs  the  most  from  8  points,  or  90®. 

*  This  Table  was  constructed  at  the  suggestion  of  Sir  F.  Beaufort,  and  first  appeared  in 
the  Nautical  Ma^arina,  vol.  i.  p.  208. 
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(2.)  The  error  of  the  required  distance  produced  by  an  error  in 
the  dist.  run,  is  a  matter  of  simple  proportion.  For  example,  if  the 
dist.  run  be  -^  of  itself  in  error,  the  distance  required  will  also  be 
1^  of  itself  in  error.  Hence  the  dist.  run  should  not  be  much  less 
than  the  distance  required. 

The  case  is  most  favourable  when  the  triangle  is  equilateral. 

2,  By  Found. 

362.  An  excellent  mode  of  determining  the  distance  is  obtained 
by  noting  the  number  of  seconds  elapsed  between  seeing  the  flash  of 
a  gun  and  hearing  the  report.  Sound  travels,  in  a  calm,  about  1 130 
feet  in  one  second  ;  hence  it  is  easy  to  deduce  the  following  approx- 
imate rule. 

Divide  the  seconds  elapsed  by  6,  and  subtract  from  the  quotient 
2^f  of  itself;  the  result  is  the  Dist.  in  miles  very  nearly. 

Ex.  The  mean  of  the  interralfl  giren  bj  4  gone  fired  from  C.  ShiUing  was  14*- it 
reqaired  the  Dut.  of  the  ship. 

S)  '4' I 

2S 
i-twelfthof  2*8    •     '% 

D18T.        i'6 

This  method  is  capable  of  much  prectsion  when  the  gun  and  the 
ear  are  at  the  same  temperature  and  at  the  same  height.*  A  mode* 
rate  breeze  in  the  direction  of  the  sound  causes  a  variation  of  about 
20  feet  a  second  in  the  velocity ;  a  strong  breeze  more, 

3.  jBy  the  Altitude  of  High  Land. 

[1.]  When  the  Object  is  teen  on  the  Sea^Horigtm. 

353.  The  distance  of  the  visible  horizon  from  the  spectator  is 
equal  to  the  true  depression  or  dip  of  the  eye  in  Table  8,  increased 
by  about  ^  of  itself. t  Thus,  if  the  eye  be  twenty  feet  above  the  sea, 
the  horizon  is  distant  five  miles  and  about  half  a  mile  more. 

When,  therefore,  the  sea-horizon  is  seen  beyond  the  object,  the 
distance  of  the  latter  is  less  than  the  depression. 

354.  When  the  summit,  or  anv  other  point  of  known  height  of 
an  object  situated  beyond  the  sea-horizon  is  seen  on  this  line^  its  dis- 
tance is  at  once  known ;  for  since  the  eye,  the  horizon,  and  the  object 
are  in  the  same  straight  line,  the  same  horizon  corresponds  to  both 
the  height  of  the  eye  and  that  of  the  object ;  the  distance,  therefore, 
between  these  two  points  is,  by  No.  205,  the  sum  of  the  depressions 
corresponding  to  the  two  heights. 

Ex.  From  the  mast-head,  87  feet  above  the  Ma,  the  Liiard  light,  the  heij(ht  of  which  li 
223  feet  above  low-water  mark,  ia  seen  on  the  horizon :  required  its  distance. 

The  dip  (Table  8)  to  87  feet  ia  10',  thai  to  213  ia  16' ;  the  snm  a6  increased  bj  A  ^  ^^« 
or  z\  is  a8  miles,  the  Dist.  required. 
.  .■•■ — ■  ' 

*  The  vnoertainty  to  which  this  method  is  liable  (though  not  worth  notice  in  naTigation) 
may,  when  precision  is  required,  be  remoTed,  in  the  ordinary  state  of  the  atmosphere,  by 
firing  a  gun  at  each  extremity  of  the  line,  and  taking  the  mean  of  the  observed  intervals. 

t  In  this  and  the  followmg  rulea  ^^  is  «i8ed  instead  of  </|  (see  No.  207),  because  12  is  an 
easier  divisor  than  14.    The  dmerenoe  is  not  worth  notice^ 
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This  method  will  often  be  useful,  but  from  the  great  uncertainty 
of  terrestrial  refraction  it  is  impossible  to  assign  with  precision  the 
d^ree  of  dependance. 

[2.]  Wheik  the  Oijeet  u  teen  above  the  Sea-HoriMom. 

355.  Case  I.  When  the  height  of  the  summit,  or  other  point  of 
high  land,  is  known,  its  distance  is  found  by  means  of  the  altitude 
observed  above  the  sea-horizon  with  a  quadrant  or  sextant.* 

356.  The  Observation.  Observe  the  altitude  of  the  summit,  and 
estimate  its  distance  in  miles. 

When  the  altitude  exceeds  3®  see  No.  359. 

367.  The  Computation.  Alt.  under  3®.  (1.)  Correct  the  alt.  for 
index  error  (No.  496),  and  subtract  from  it  ^  of  the  estimated 
distance ;  the  remainder  is  the  true  alt. 

When  the  height  of  the  eye  exceeds  30  feet,  add  /y  of  the  cor- 
responding Depression ;  the  sum  is  the  true  altitude. 

(2.)  From  the  true  alt.  subtract  the  true  Depression  to  the  height 
of  the  eye,  Table  8 :  note  the  remainder. 

To  the  square  of  the  Depression  corresponding  to  the  height  of 
the  summit  add  the  square  of  the  remainder  (which  is  found  at  once 
in  the  column  headed  **  Square,"  against  the  remainder  as  a  De- 
pression). Look  for  the  sum  in  the  column  headed  *'  Square,"  and 
take  out  the  Depression  corresponding;  from  this  take  the  remainder: 
the  result  is  the  distance  of  the  summit  in  miles.f 

Ex.  1.    The  alt.  of  a  hOl  looo  feet  high  is  obaeired  56' ;  coir,  for  index  error,  —3' ;  the 
liogfat  of  the  eye,  20  feet ;  estimated  Dist  8  leagaes,  or  24  miles :  required  its  Distance. 

Deducting  -^  of  24,  or  ^*,  and  %'  error,  leaves  tme  alt.  5 1\ 


Traealt.  51' 

Tme  Depr.  to  20  ft.  —  5 

Rem.     46 


Square  of  Depr.  to  2000  ft.  2304 
Ditto  of  Rem.  46'  +21 16 

Depr.     6/  Square  4420 
Rem.  —46 

DiST.  required  21'  or  miles. 


Ex.  2.  April  i9thv  1829,  Mr.  Fisher  observed  from  the  poop  of  H.M.S.  Spartiate,  74, 
the  alt  of  Mount  Etna,  1°  26'  30";  index  corr.  -1- 1'  30" ;  height  of  eye,  30  feet ;  estimated 
dist  20  leagues :  required  its  Distance.    Height  of  Etna,  10900  feet. 


I*'26' 

-3 


^of6o',-5'l 
Ind.  cor.  +  2  j 

Alt  I  23 

True  Dep.  to  30  ft    —  6 


Square  of  Depr.  to  10900  ft  1232 1 
Ditto  of  Rem.  77'  4-  5929 

Depr.     135'  Square  18250 
Rem.   —77 

Dist.  required  58^  or  miles. 


Rem.         I   17  or  77' 
The  distance  by  the  chart  wis  57  miles. 

358.  When  the  distance  is  too  great  for  estimation,  and  the  altitude 
low,  the  computation  must  be  repeated. 

Ex.  Captain  Beediey  observed  from  H.M.R.  Sulphur,  the  Peak  of  Teneriffe  dearly 
defined  against  the  setting  sun ;  mean  of  3  alts,  on  the  arc,  19'  32";  off  the  arc,  19'  50";  the 

"■^^"^"^■""""^^"^        ^~~'^~  '  ,„^,.^_  ^>«^^»««^^«^^^ 

*  In  this  instance,  reference  is  necessarily  made  to  the  use  of  instruments  which  belong 
principally  to  Nautical  Astronomy,  and  are,  therefore,  described  in  that  subject,  Chap.  II. 

t  When  the  height  of  the  eye  exceeds  30  feet,  subtract  from  the  sum  of  the  two  squares 
(abore)  the  square  of  the  corresponding  Depression.  From  the  nature  of  the  observation,  tl 
if  enough  to  work  to  minutes  only. 
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mean,  19'  41";   hofjtA  of  tiis  eye,  x8  feet;   hdgfat  of  the  Peek,  11171  feet:  required  its 
Distance. 


Alt.  10' 

Depr.     —  4. 

Rem.        x6 


Square  of  Depr.  to  iiioo  ft.  X36S9 

Ditto  of  Rem.  16'  -t-  156 

Depr.    118'      Square  13945 
—  16 


D18T.  required  101'  or  miles. 

Unng  this  now  as  an  tiHmattd  distance,  and  repeating  the  work,  giyes  109  miles.  It  was 
found  next  daj  by  the  chronometers  to  hare  been  115  miks. 

359.  When  the  altitude  is  great,  or  above  3®,  the  following  rule 
for  the  computation  is  preferable  to  No.  357  : — 

(1.)  Correct  the  altitude  for  index  error,  subtract  from  it  -^  of 
the  estimated  distance  in  miles,  subtract  further  the  true  Depr.  of 
the  eye  (Table  8),  and  note  the  remainder. 

When  the  height  of  the  eye  exceeds  30  feet,  increase  the  re- 
mainder by  -xV  of  ^he  depression. 

(2.)  Add  the  log.  cos.  of  this  remainder  to  the  log.  cos.  of  the 
Depr.  corresponding  to  the  height  of  the  mountain ;  the  sum  (re- 
jecting 10)  is  the  log.  cos.  of  an  arc.  From  this  arc  take  the  said 
remainder,  this  leaves  the  Dist.  of  the  summit  in  mile'^. 

Ex.  Mr.  ^sher  observed  the  altitade  of  Mount  Etna,  5^  1 5' ;  height  of  the  eye,  30  feet  | 
estimated  distance,  8  leagues,  or  14  miles :  required  its  I^tance. 

Alt.        ^  1^  Etna,  ht.  10900  ft.  Dep.    x*'5i'  oos.  9*999774. 

lileot^     Zri Remainder  5     8  cos.  9'998i55 

5**  17'  COS.  9*998019 

Remainder  5     8 

DxsT*      19  miles. 

360.  Degree  of  Dependcmce,  To  judge  of  this,  repeat  the  com- 
putation, using  a  new  altitude,  varied  from  the  former  by  a  number 
of  minutes  equal  to  the  extent  of  the  probable  uncertainty. 

For  example.  Suppose  in  Ex.  1,  No.  357,  the  altitude  doubtful,  or  in  error,  ^\  repeating 
the  work,  witii  the  altitude  46',  gives  the  distance  13  miles,  instead  of  zx  :  hence  we  infer 
that,  supposing  5'  to  be  in  this  case  the  utmost  probable  uncertainty  in  the  altitude,  the 
distance  may  be  depended  upon  to  1  mUes. 

The  greater  the  altitude  the  more  accurate  is  the  result. 

361.  Case  II.  When  the  height  of  the  land  is  not  knoM^n,  the 
distance  may  be  found  while  standmg  directly  towards  it,  or  from  it, 
by  means  of  two  altitudes,  and  the  distance  run  in  the  interval 
between  them. 

If  the  course  is  not  more  than  two  points  out  of  the  direction  of 
the  object,  the  distance  run  may  be  reduced  tb  the  change  of  distance 
of  the  object  by  means  of  the  Traverse  Table. 

362.  The  Observation.  Observe  the  altitude.  After  a  consider- 
able change  in  the  altitude,  observe  a  second  altitude  at  the  same 
height  of  the  eye.  Note  the  rate  of  sailing.  Estimate  the  distance 
at  each  observation. 

363.  The  Computation.  Find  the  true  altitudes^  No.  357.  (1.) 
Find  from  the  rate  of  sailing  the  dist.  run,  and  reduce  it  when  ne- 
oessary  to  the  change  of  distance  made  good  in  the  direction  of  the 
object,  thus,-—  enter  Table  2  with  the  difference  between  the  ship's 
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eourse  and  the  bearing  of  the  object  as  a  Course,  and  the  Dist.  run  as 
Dist;  the  corresponding  D.  Lat.  is  the  change  of  distance  required. 

To  the  lesser  altitude  add  half  the  change  of  distance,  and  sub- 
tract the  Depr.  corresponding  to  the  height  of  the  eye ;  call  this  the 
first  remainder.  From  the  greater  altitude  subtract  the  lesser  alti- 
tnde,  and  the  change  of  distance ;  call  this  remainder  the  second 
remainder. 

Multiply  the  first  remainder  by  the  change  of  distance,  and  divide 
the  product  by  the  second  remainder ;  the  quotient  is  the  distance  in 
miles  when  the  greater  altitude  was  taken. 

Ex.  1.    ObMired  altitude  of  Mount  Etna,  i^  %^\  estimated  distanoe,  20  leagues.    When 
38  miles  nearer^  obaerred  the  altitude  5°  15';  height  of  the  eje,  30  feet:   required  the 


I*  %Vt  deducting  -^  of  60  miles  or  5',  is  i^  23' ;  5®  15',  deducting  ^  of  22  miles  or  %\  is 
f  13'- 

Greater  Alt  5"*  13' 


Ah.     I**  23' 
4  Dist.  run      -f  19 
Depr.  —  6 

ist  rem.  i   36 

or    96 


Lesser  do.  1^23') 

Dist.           +38)  1__1 

2d  rem.  3   12 

or  192 


then  2 — L-  «  19  miles, 
192  ' 

tiie  Dist.  required. 


Sz.  2.  Obserred  the  altitude  of  Dunnose  41',  estimated  distance  4  leagues  or  12  miles. 
After  running  74  miles  directiy  from  it  obsenred  the  alt.  20'.    Height  of  the  eye,  10  feet. 

Hie  1st  alt.  reduced  u  18';  the  2d,  40'.  The  1st  rem.  is  18*7  s  the  2d,  14*5 :  the  Dist. 
requixed  9*7  miles. 

364.  Degree  of  Dependance.  This  may  be  estimated  by  repeating 
the  work  with  a  new  lesser  alt.,  and  also  with  a  new  change  of  dis- 
tance, differing  from  those  used  before  by  1^  and  comparing  these 
two  results  with  the  first.  If  they  do  not  differ  much,  the  case  is 
evidently  but  little  affected  by  small  errors ;  if,  on  the  contrary,  they 
differ  more  than  V,  it  is  shewn  that  errors  of  observation  are  increased 
in  the  result. 

TkoM  an  error  of  i'  in  the  lesaer  alt.  produces  in  Ex.  1,  aboYe,  only  0*3  of  a  mile  error  in 
the  distanoe  required,  while  in  Ex.  2,  the  latter  error  is  1*2. 

Again,  an  error  of  i  milo  in  the  change  of  distance  produces  in  Ex.  1  only  0*7  of  a  mile 
IB  the  xesolt,  while  in  Ex.  2,  it  produces  2*4  miles. 

In  ordinary  cases  an  error  of  V  or  2'  is  more  likely  to  occur  iu 
an  alt.  than  an  error  of  1  or  2  miles  in  the  change  of  distance ;  and 
as  precision  is  of  less  consequence  in  the  greater  than  in  the  lesser 
alt.  the  value  of  the  result  will  depend  principally  on  the  lesser 
altitude. 

The  less  the  1st  rem.  is  with  respect  to  the  2d,  the  less  is  the  effect 
produced  by  the  above  errors  on  the  result. 

Thus,  in  Ex.  1,  the  Ist  rem.  is  to  the  2d,  or  96  is  to  192,  as  i  to  2  nearly,  and  the  case 
IB  good.  In  Ex.  2,  on  the  contrary,  the  1st  rem.  18*7,  is  greater  than  the  2d,  14*5,  and  the 
renilt  oouU  not  be  depended  upon  within  2  or  3  miles. 

365.  Since  these  rules  suppose  the  object  to  be  referred  to  the 
sea-horizon,  they  apply  to  all  cases  in  wnich  the  observer,  though 
near  the  land,  can  descend  so  near  the  surface  of  the  water  as  to 
obtain  a  perfect  sea-horison. 

On  the  other  hand,  when  the  land  is  very  distant,  or  the  altitude 
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very  small,  the  metliodB  in  this  section  must  not  be  too  confidently 
depended  upon,  especially  in  a  calm,  or  when,  from  heat,  vapour,  or 
other  cause,  there  is  any  thing  unusual  in  the  appearance  of  the 
horizon. 


11 L  Methods  bt  the  Chart. 

1.  Cross  Bearings. 

366.  The  true  bearings  of  two  points  of  land  being  observed, 
draw  lines  through  them  on  the  chart  in  the  directions  of  the  bear- 
ings ;  these  lines  cross  in  the  place  of  the  ship. 

If  precision  is  required,  the  variation  proper  to  the  direction  of 
the  ship's  head  at  the  time  must  be  employed,  in  order  to  allow  for 
local  deviation. 

367.  When  the  difference  of  bearings  is  near  90^  this  is  the  most 
complete  of  all  methods ;  but  if  the  difference  is  small,  as  for  ex- 
ample^ less  than  10^  or  20®,  or  near  180®,  the  ship^s  position  will  be 
uncertain,  because  a  small  error  in  the  bearing  will  then  cause  a 
great  error  in  the  distance. 

2.  By  Two  Angles  between  Three  Objects. 

368.  When  the  ship's  place  is  required  to  considerable  accuracy, 
as,  for  example,  in  recovering  a  lost  anchor,  verifying  the  soundings 
on  the  chart,  or  other  purposes,  it  should  be  determined  by  means  of 
two  angles  observed  between  three  objects  on  shore. 

(1.)  A  convenient  method  of  laying  down  on  the  chart  the  angles 
observed,  is  to  draw  with  a  pencil  on  tracing  or  transparent  paper, 
or  on  paper  oiled  for  the  purpose,  lines  containing  the  observed 
angles.  Then,  laying  this  paper  on  the  chart,  and  moving  it  about 
until  the  lines  drawn  pass  over  the  respective  objects.  The  angular 
point  where  they  meet  will  shew  the  true  place  of  the  observer. 

The  horn  protractor  (No.  108)  may  sometimes  be  conveniently 
employed,  as  lines  may  be  drawn  on  it  with  a  pencil. 

(2.)  Otherwise,  cut  out  of  pasteboard  or  thick  paper  the  two 
observed  angles,  and  then  placing  them  side  by  side,  move  them  till 
the  ed^es  pass  over  the  objects  observed. 

36^.  By  Construction.  The  observer  is  always  on  a  circle  pa'^sing 
through  his  own  place  and  any  two  objects  (No.  103);  also  the  angle 
subtended  by  the  two  objects  is  the  same  at  all  points  of  the  cir- 
cumference on  one  side  of  the  objects  (No.  140).  Hence,  by  ob- 
serving this  angle  and  layine  it  off^  he  can  draw  the  circle  on  which 
he  is,  but  cannot  determine  his  position  upon  it.  If  now  he  adds  a 
third  object,  he  can  draw  a  second  circle  passing  through  this  and 
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either  of  the  other  two,  and  his  place  is  the  intersection  of  the  two 
circles. 

Ex.  1.  Let  ABC  be  three  objects  on 
tbB  chart;  the  angle  between  A  and  B, 
tanaed  at  O,  the  obaerrer,  is  46® ;  that  be- 
tween B  and  C  is  30^. 

JomAB,BC;  lay  off  the  angles  B  A  M, 
ABM,  eBth,  equal  to  the  complement  of 46°, 
or  44^;  then  the  intersection  of  the  lines 
AM,  B  M,  18  the  centre  of  the  circle  ABO. 

In  like  manner  lay  off  B  C  N ,  C  B  N ,  each 
equal  to  the  complement  of  30^,  or  60^;  then 
N  is  the  centre  of  the  circle  C  B  O,  and  O  is 
tine  place  of  the  dbserrer. 

The  drawing  of  the  figure  is  materially  simplified,  in  practice,  by 
the  bearing  of  the  middle  object,  as  this  shews  where  the  lines  must 
fall. 


Ex.  2.  Hie  angle  between  two  objects 
A,  B,  is  47^,  that  between  B  and  C  is  107^. 

Lay  off  ABM,  BAM,  each  eqnal  to  43°; 
M  is  the  centre  of  AB  O. 

Lay  off  CB  N,  B  CN,  each  eqnal  to  the 
complement  of  107^,  or  17°,  then  N  u  the 
centre  ofCBO. 


370.  Demonstration.  Having  laid  off  two  equal  angles  ABM, 
BAM,  and  described  a  circle  from  M  the  point  of  intersection  of 
A  M,  B  M,  bisect  A  B  (fig.  Ex.  1 )  in  m,  and  join  m  N ;  also  take  a  point 
O  any  where  in  the  circumference,  and  join  O  A,  O  B. 

Then  Mm  is  perp.  to  AB  (No.  144),  and  also  bisects  the  angle 
A  M  B  (cor.)  or  A  M  m  is  half  A  M  B.  Also  A  O  B  at  the  circum- 
ference is  half  AMB  at  the  centre  (No.  139);  hence,  AOB  and 
m  M  A  are  equal,  and  m  A  M  the  complement  of  A  M  m  is  also  the 
complement  of  A  OB.  A  circle  thereiore  has  been  described  which 
bas  the  given  angle  at  the  circumference. 

The  same  proof  applies  when  the  angle  at  O  exceeds  90^  Thus,  in  fig.  Ex.  2»  BOC,  io7°» 
Is  measured  by  half  the  arc  B  D  C  (supposing  the  circle  completed,  and  B  D,  D  C,  joined), 
which  is  therefore  214''.  Hence  the  are  B  O  C  is  360^—214°,  or  146°,  and  the  angle  B  D  C 
BDCasored  hj  half  this,  is  73°;  BNC  is  2  x  73*',  or  146°,  and  NBC  (or  NCB  its  equalV 
whidi  is  the  complement  of  half  BNC,  is  90°— 73°,  or  17°,  which  is  the  complement  of  107  . 

371.  It  is  evident  that  the  place  of  O  is  most  distinctly  marked 
when  the  circles  cross  each  other  at  a  considerable  angle ;  and^  on 
the  other  hand,  that  the  result  is  unsatisfactory  when  the  two  circles 
nearly  coincide,  or  when  their  centres  are  near  together.  These 
^nditions  govern  the  choice  of  objects. 

372.  When  the  ship  is  in  a  line  between  any  two  objects  A  and 
B  (the  student  will  easily  supply  a  figure),  the  angle  between  one  of 
these  objects  and  a  third,  C,  fixes  her  position.* 

*  The  difficulty  of  accurately  laying  down  soundings  in  a  direct  line  between  two  points 
led  the  author  to  construct  a  small  optical  instrument,  which,  by  shewing  the  object  behind 
die  qMctator  together  with  that  which  he  is  approadimg,  enables  him  to  keep  the  proposed 
'* —      exactly,  or  at  once  to  recoyer  it  when  lost.    This  instrument,  now  called  a  Dii  ector. 
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For  she  is  on  the  drcumference  of  a  circle  passioff  through  A 
and  C,  or  B  and  C,  and  also  on  a  straight  line  catting  the  circle.* 

3.  J3y  the  Soundings. 

373.  When  the  depth  of  water  is  not  great,  and  also  yariea 
sensibly  with  the  distance  from  the  point  of  land  set,  this  distance 
may  be  found  from  the  chart  by  means  of  the  soundings. 

4.  By  a  Bearing^  and  the  Lat.  or  Long,  of  the  Ship. 

374.  When  the  lat.  of  the  ship  is  known,  the  true  bearing  of  a 
well-fixed  point,  less  than  4  points  from  the  meridian,  or  not  much 
more,  afibrds  a  very  accurate  departure. 

In  like  manner,  when  the  long,  of  the  ship  is  known,  the  bearing 
of  a  given  point  more  than  4  points  from  the  meridian,  or  not  much 
less,  affords  the  departure. 


CHAPTER  V. 

Charts. 

1.  UsB  OF  Mbrcator's  Chart.    II.  Constrtjctiok  of  Mbrcatob's 
Chart.    III.  Propbrties  of  Certain  Projections. 

375.  A  CHART  is  a  map  or  plan  of  a  sea  or  coast.  It  is  con- 
structed for  the  purpose  of  ascertaining  the  position  of  the  ship  with 
reference  to  the  land,  and  of  shaping  a  course  to  any  place. 

376.  In  charts,  generally,  the  upper  part,  as  the  spectator  holds 
it,  is  the  north,  and  that  towards  his  right  hand  the  east,  as  on  the 
compass  card ;  latitude  is  accordingly  measured  between  the  upper 
and  lower  edges,  and  longitude  between  the  right-hand  and  left- 
hand  edges. 

Parallels  of  latitude  and  meridians  are  drawn  at  convenient  di- 
visions of  latitude  and  longitude.  Compasses  are  described,  by 
means  of  which  a  line  can  be  readily  drawn  in  any  proposed  direc* 
tion ;  and  the  variation  is  marked  where  convenient.  The  depth  of 
water  is  denoted,  as  also,  in  some  places,  the  quality  of  the  bottom. 
The  directions  and  velocities  of  currents  are  expressed,  and  on  som^ 
occasions  the  prevailing  winds  are  marked.f 

it  employed  by  the  Hydrograpfaic  OflSoe,  and  has  been  fonnd  uaefiil  by  surveyors.  An  soconnt 
of  its  oonstmctioD,  with  an  inyestigation  of  some  of  its  properties,  will  be  found  in  thfi  United 
Service  Journal,  vol.  ii. 

*  In  certain  cases  the  bearing  (alone^  of  a  point  of  land  may  be  determined  from  the  long* 
by  dironometer.    See  Sumner's  Methoa,  p.  345. 

t  Charts  are  also  oonstmcted  for  special  purposes,  as  variaHfm  ekmrU,  to  exhibit  tiM 
variation,  eurrtnt  ehttrUf  fto* 
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377.  Besides  charts  employed  in  general  naYigation,  plans  of 
harbours,  ports,  islands,  or  small  districts,  are  constructed  on  a  dif- 
ferent scale,  for  reference  when  the  ship  is  close  in  with  the  land. 
On  these  plans  are  inserted,  besides  the  above  particulars,  the  leading 
marks  for  channels  or  for  avoiding  certain  dangers,  anchorages, 
places  convenient  for  landing,  and  for  watering,  with  numerous  other 
details  proper  to  maps. 

Plans  of  these  kinds  are  often  inserted,  for  convenience,  in  a 
corner  of  the  general  chart. 

378.  As  the  surface  of  the  globe  is  round,  while  that  of  the  paper 
is  flat,  every  chart  exhibiting  any  extent  of  surface  is  necessarily  an 
artificial  construction,  or,  as  it  is  Chlied^  projection^  of  the  real  state 
of  things.  The  charts  used  in  navigation  are  those  on  Mercator's 
projection,  because  on  this  alone  the  track  of  a  ship  always  steering 
the  same  course  appears  a  straight  line. 

379.  On  Mercator's  Chart  all  the  meridians  are  parallel,  and  the 
degrees  of  longitude  are  all  equal,  being  the  same  as  those  of  the 
true  difference  of  latitude.  The  degrees  of  latitude  are  unequal, 
being  extended  at  each  latitude  beyond  their  proper  lengths,  in  the 
same  proportion  as  the  degrees  of  longitude  on  ttie  elobe  are  dimi- 
nished ;  tney  are  consequently  greater  as  the  latitude  is  greater. 

For  Ex.  the  degree  of  lat.  6o®,  that  it,  between  59^1  and  60°^,  {•  double  of  i^  at  the 
wqaator,  bting  incrnaed  in  the  ratio  of  the  lec.  lat. :  x. 


L  Use  of  Mercator's  Chart. 

1.  Positions  on  the  Chart. 

380.  To  find  the  latitude  and  longitude  of  a  point  on  the  chart. 

Through  the  given  point  lay  a  ruler  parallel  to  the  nearest  pa- 
rallel of  latitude,  and  look  at  what  degree  and  minute  the  edge  cuts 
the  graduated  meridian  at  the  side,  on  which  the  latitude  is  marked. 
In  hke  manner  lay  the  ruler  parallel  to  the  nearest  meridian,  and 
see  where  the  edge  cuts  the  graduated  parallel  of  latitude  at  the 
upper  or  lower  edge,  on  which  the  longitude  is  marked. 

Or  measure,  by  the  compasses  or  otherwise,  the  distance  of  the 

5iven  point  from  the  nearest  parallel  of  latitude,  and  setting  off  this 
istance  from  the  same  parallel  on  the  graduated  meridian  at  the 
side,  note  the  degree  and  minute  there  expressed. 

In  like  manner,  for  the  longitude,  refer  the  point  to  the  nearest 
meridian,  along  the  graduated  parallel  at  the  upper  or  lower  edge. 

381.  To  find  the  bearing  or  course  on  the  rhumb  line  between 
two  places. 

Lay  the  edge  of  the  ruler  on  the  places,  and  refer  it  to  the 
nearest  compass. 

Or,  hold  the  thread  of  the  horn  protractor  (No.  108)  on  one  of 
the  places,  and  placing  the  centre  and  the  zero  on  a  meridian,  slide 
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it  with  the  other  hand  up  or  down  till  the  thread  covers  both  the 
places ;  the  bearing  then  will  be  read  off  on  the  graduated  edge. 

382.  To  find  the  distance  on  the  rhumb  line  between  two  places. 
(1.)  When  the  places  are  on  the  same  meridian.    Find,  by  means 

of  the  ruler,  where  their  parallels  of  latitude  meet  the  graduated 
meridian  at  the  side :  the  iJiff.  Lat.  they  include  is  the  distance. 

(2.)  When  the  places  are  on  a  parallel  of  latitude.  Take  one  or 
more  divisions  of  the  graduated  meridian  at  the  parallel  in  the 
compasses,  and  measure  with  this  the  distance  of  the  places ;  or 
proceed  as  directed  in  (3). 

(3.)  When  the  places  lie  obliquely.  Take  the  distance  between 
them  by  a  pair  of  compasses,  and  lay  it  on  the  graduated  meridian 
so  as  to  be  middled  by  the  middle  parallel  between  the  places :  the 
D.  Lat.  is  the  distance. 

Of  the  above  modes  of  measuring  distances  on  the  chart  the  first 
is  accurate.  The  other  two  are  only  approximate,  though  near 
enough  for  common  purposes. 

When  precision  is  required,  the  2d  case,  which  is  Case  II.  of 
Parallel  Sailing,  must  be  solved  by  No.  307, 308,  or  309,  as  the  chart 
affords  no  facility.  In  like  manner,  if  the  places  are  nearly  £.  and 
W.,  the  distance  should  be  found  by  Case  II.  of  Mid.  Lat.  Sailing, 
p.  100.  In  the  3d  case,  the  construction  described  in  No.  328 
must  be  employed.  For  this  the  chart  is  particularly  adapted,  as  it 
shews  the  Mer.  D.  Lat.  The  true  D.  Lat.  is  to  be  taken  from  the 
scale  of  longitude. 

383.  To  lay  off  a  point  on  the  chart  in  a  given  lat.  and  long. 
Lay  a  ruler  through  tne  lat.  at  the  side,  and  parallel  to  a  parallel  of 
lat.  draw  a  pencil  line.     Do  the  same  with  the  longitude. 

384.  The  course  and  distance  of  the  ship  on  the  rhumb  line 
beinj^  given  from  any  point,  to  find  her  place  on  the  chart. 

fay  the  ruler  through  the  given  point,  in  the  direction  of  the 
course.  Take  the  given  dist.  in  degrees  and  minutes  from  the 
graduated  meridian,  so  that  the  parallel  of  lat.  which  the  ship  is 
upon  shall  middle  it ;  lay  off  this  distance  along  the  edge  of  the 
ruler  from  the  given  point,  and  the  ship's  place  is  determined. 

385.  To  lay  down  on  the  chart  the  position  of  the  ship  as  given 
by  observation.  Lay  off  the  given  latitude  and  longitude  as  directed. 
No.  383. 

To  lay  down  on  the  chart  the  position  of  the  ship  by  D.  R.,  that 
is,  by  her  course  and  distance  from  a  given  point  of  departure ;  as, 
for  example,  her  place  at  last  noon. 

Lay  off  the  course  and  distance  as  directed  in  No.  384. 

Marking  the  ship's  position  on  the  chart  is  called  pricking  the 
ship  off. 

2.  Projection  of  the  Voyage  on  a  Great  Circle. 

386.  Since  the  course  and  distance  are  liable  to  irregularities  of 
which  the  Dead  Reckoning  can  take  no  account,  a  ship  cannot  be 
kept  for  any  length  of  time  upon  a  prescribed  track ;  and  since^ 
when  she  has  once  deviated  from  the  intended  line,  the  course  must 
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be  shaped  anew,  it  is  evident  that  the  accurate  projection  of  a  pro- 
posed voyage  on  a  great  circle,  even  if  less  tedious  than  it  is,  would 
often  be  waste  of  labour.  It  will  accordingly  be  sufficient,  in  general, 
to  project  the  track  roughly,  thus :  — 

387.  When  the  places  are  on  the  same  side  of  the  equator. 

Find  the  course,  No.  339,  from  each  place  to  the  other,  and  lay 
off  both  these  courses  on  the  chart.  Find  the  point  of  maximum 
separation  in  latitude.  No.  »344,  and  draw  through  this  point  a  line 

Crallel  to  the  line  joining  the  places,  which  is  the  rhumb  line 
tween  them. 
Haying  thus  three  points  in  the  voyage,  and  the  direction  of  the 
track  at  each  of  these  points,  draw  a  curve  line  through  them  by 
hand. 


This  figure  represents  Ex.  1,  No.  337.  The  course  from  St. 
Helena,  as  shewn  laid  off,  is  S.  34^  W.  The  course  from  C.  Horn 
18  S.  105^  £.,  or  N.  75^  E.  The  small  cross  shews  the  point  of 
maximum  separation  in  latitude  in  45^  5'  S.  and  long.  35^  18'  W., 
and  through  it  Is  drawn  the  short  line  parallel  to  the  line  joining 
the  two  places,  which  shews  the  course  by  Mercator  from  either 
place  to  the  other.  The  dotted  line,  representing  the  track  on  the 
great  circle,  is  drawn  by  hand,  with  tne  assistance  of  these  three 
lines.* 

*  This  figure,  wliich  is  dnwn  for  S.  I^at.,  shews  the  great  drcle  altogether  to  the  sovth- 
*inl  of  the  rhmnb-line,  u  stated  in  No.  343.  By  holding  the  paper  inserted  the  figure 
•liiews  Uie  great  circle  between  two  places  in  the  same  northern  latttndes  and  having  62* 
D.  Lone.,  the  circle  being  then  to  Uie  northward. 
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If  tfle  vertex  falls  between  the  places,  find  it  (No.  346) ;  then, 
since  at  this  point  the  course  is  E.  or  W.,  a  fourth  point,  with  the 
direction  of  the  tract  there,  is  given,  to  assist  in  drawing  the  carve 
line. 

388.  When  the  places  are  on  opposite  sides  of  the  equator. 
Find  the  course  from  each  place  to  the  other,  No.  339,  and  the  point 
of  maximum  separation  in  each  latitude.  No.  344.  Proceed,  then, 
to  find  the  longitude  of  the  point  where  the  great  circle  crosses  the 
equator,  and  the  angle  which  it  makes  with  the  meridian  (the 
course)  at  that  point,  thus: — 

For  the  Longitude  of  the  point.  To  the  log.  sine  of  the  Lat.  of 
either  place,  add  the  log.  tan.  of  the  Course  (on  the  great  circle) 
from  that  place  to  the  other :  the  sum  (rejecting  10)  is  the  log.  tan. 
of  the  D.  Long,  of  the  place  and  the  point  required. 

For  the  Course  at  the  point.  Add  together  the  log.  cos.  of  the 
Lat.  and  log.  sine  of  the  Course  (as  already  employed) ;  the  sum 
(rejecting  10)  is  the  log.  sine  of  each  Course  required. 

Ex.     Find  (he  point  where  the  great  circle,  passing  through  Diego  Ramires  and  Cape 
Lopatka,  crosses  the  equstor,  and  the  Course  at  that  point. 


Longitude. 

D.  Ram.  Lat.  56°  29'  sin.    9*9210 

Course  81   17;  tan.  io'868i 

D.  Long.      80^  46'    tan.  10*7891 
Dieg.  R.       68  43 


Course. 

56®  29'  cos.  9*7421 

82   17  sin.   9*9960 

CouBSK  33*  10'  sin.  9*7381 

which   is    evidently    N.    33°    10'  W.,    or 
S.  33°  10'  E. 


Long.     149  29 

In  this  case  there  are  five  points  given,  with  the  direction  of  the 
ship*s  track  at  each  point,  to  project  the  required  curve. 

389.  A  still  shorter  method  is  merely  to  find  the  lat.  and  long, 
of  the  vertex,  and  to  describe  on  the  chart  a  circle  through  this 
point  and  the  two  places.  This  circle  will  coincide,  very  nearly, 
with  the  great  circle  for  a  considerable  distance  on  both  sides  of  the 
vertex,  and  will  therefore  save  the  computation  of  positions  in  that 
region. 

This  method  does  not  always  shew  very  nearly  the  courses  at  the 
extreme  places.  But  as  the  length  of  a  curve  line  is  not  much 
affected  by  a  deviation  in  its  direction,  unless  very  considerable,  the 
circle  so  described  afibrds  a  very  near  approximation  to  the  distance 
on  the  great  circle.* 

3.  Figures  of  Different  Tracks, 

390.  The  track  of  a  ship  by  Mercator's  or  by  Middle  Latitude 
Sailing,  appears,  as  before  stated  (No.  878),  a  straight  line  on  Mer- 
cator's Chart,  on  which  the  meridians  and  parallels  of  latitude  are 
represented  as  straight  lines.  But  on  the  globe  such  a  course  is 
really  a  spiral^  winding  towards  one  of  the  poles,  which  it  can  never 
reach. + 

*  I  am  indebted  for  this  verf  simple  approximate  constroction  to  the  Rer.  George  Fisher. 

t  That  a  ship  always  eteering  any  course,  except  N.  or  S. ,  can  never  reach  the  pole  appears 
thus  :-^Qppo8e  she  steer  N.N.E.,  Uien,  since  the  pole  always  bears  N.  fiom  her,  she  cannot 
reach  it ;  that  is,  the  axis  of  her  keel  cannot  pass  over  it  till  she  altars  her  eoorse  to  N.  to 
•teer  for  it,  whidi  the  condition  does  not  allow  to  be  done. 
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The  track  by  Parallel  Sailing,  on  a  circle  on  which  the  ship 
always  maintains  the  same  distance  from  the  pole,  also  appears  a 
straight  line  upon  the  chart. 

The  track  by  Great  Circle  Sailing,  except  when  on  a  meridian, 
appears  on  Mercator's  Chart  as  a  curve  line.  It  may  at  first  seem 
inconsistent  that  a  curve  line  can,  in  any  case,  represent  a  shorter 
distance  than  a  straight  line ;  but  every  point  of  this  curve  line  is 
nearer  the  pole  than  a  point  in  the  same  longitude  on  the  track  by 
Mercator :  and  accordingly,  if  we  divide  the  curve  into  small  por- 
tions, and  measure  each  portion  as  in  No.  382  (2),  or  (3),  in  its  own 
latitode,  we  shall  find  that  the  whole  distance  measures  absolutely 
leas  than  the  length  of  the  rhumb  line  joining  the  places.* 


II.  Construction  of  Mercator's  Chart. 

391 .  The  following  instructions  are  merely  general :  practice  will 
supply  details. 

In  N.  Lat.  draw  a  line  along  the  foot  of  the  paper  for  the  parallel 
of  lowest  latitude.  In  S.  Lat.  draw  the  line  along  the  top.  Divide 
this  line  into  degrees  and  parts,  as  3(y,  15',  IC,  or  6'.  Draw  at  the 
Mdes  two  perpendiculars  to  this  line,  for  the  graduated  meridians. 
Find,  by  Table  6,  the  Mer.  D.  Lat.  between  the  lowest  parallel  and 
1®,  or  SO',  &c.  above  it.  Take  with  the  compasses  this  Mer.  D.  Lat. 
from  the  equally  divided  parallel,  and  set  it  off  from  this  line  on  the 
meridian  to  be  graduated.  Find,  in  like  manner,  the  Mer.  D.  Lat. 
between  the  said  parallel  and  2^,  or  1^,  &c.  above  it.  In  this  way 
the  meridians  are  graduated. 

Parallels  and  meridians  being  drawn  at  convenient  intervals, 
and  the  points  of  the  coasts  laid  down,  the  coast-line  is  filled  in  by 
hand. 


III.  Properties  of  Certain  Projections. 

392.  Since  a  small  portion  of  a  globular  surface  may  be  con- 
f^iJered,  in  a  practical  sense,  as  a  plane,  charts  of  coasts,  and  maps  of 

*  In  order  to  Terify,  on  a  globe,  the  remits  of  calcolations  relating  to  the  great  circle  and 
tin  riiiimb  Hn<i,  the  latter  must  be  prqjected  on  the  globe.  To  do  this,  note  on  the  chart  the 
ktitade  and  longitude  through  which  the  ihumb  line  passes,  at  each  4°  or  5®,  or  less,  accord- 
faig  to  the  degree  of  predaion  required ;  then  lay  off  these  points  on  the  dobe,  in  their  several 
laU  and  longs,  by  means  of  the  movoible  meridian.  A  cnrve  traced  oy  hand  through  th« 
pomti  laid  off  will  represent  the  rhnmb  line  nearly  enough. 

Ii  the  riiumb  line  between  any  two  places,  differing  considerably  in  latitude  and  loa^ 
tode,  be  produced  on  the  chart,  and  tnasferred  thus  to  the  globe,  its  qpiral  ilgun  will  to 
'irtbictly  perodvcd* 
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districtd  of  limited  extent,  constructed  from  a  scale  of  equal  parts, 
exhibit,  like  the  plan  of  a  building  or  an  estate,  the  relative  diree^ 
tions  and  distances  of  the  places  upon  them  very  nearly.  On  this 
projection,  divisions  of  latitude  and  longitude  may  be  laid  off  in 
their  due  proportions  by  means  of  parallel  and  perpendicular  lines, 
drawn  at  proper  distances.  In  drawing  these  lines  the  minute  or 
mile  of  latitude  is  taken  as  the  unit  of  measure  (Nos.  186, 199),  and 
the  parallels  of  latitude  drawn  through  certain  divisions.  The  length 
of  a  minute  of  longitude  being  to  that  of  a  minute  of  latitude  as  the 
cosine  of  the  latitude  to  the  radius,  is  determined  by  No.  304, 305, 
or  306.  On  a  small  portion  of  the  sur&ce  the  minutes  of  longitude 
are  nearly  equal,  and  the  meridians  are  therefore  drawn  parallel ; 
bat  if  the  extent  of  latitude  be  increased,  the  meridians  will  con- 
verge sensibly  towards  the  polar  side  of  the  chart  (No.  194,  note  *) 
and  the  character  of  the  projection  changes.* 

393.  On  Mercator's  Chart  the  figure  of  each  small  district  or 
portion  of  surface  is  truly  represented,  as  in  No.  392  above ;  but,  as 
the  mile  or  minute  of  latitude,  which  is  the  unit  of  measure,  is  of  a 
different  magnitude  in  every  different  latitude,  if  we  take  a  greater 
extent  of  latitude  we  introduce  a  new  scale  of  measurement.  A 
small  island,  for  example,  near  the  pole,  is  represented,  in  regard  to 
its  shape,  as  truly  as  another  near  the  equator,  but  on  a  larger  scale : 
hence,  though  each  small  portion  is  truly  figured,  portions  in  differ- 
ent latitudes  cannot  be  directly  compared.  The  appearance  of  dis- 
tortion of  the  countries  on  Mercator's  Chart  arises,  therefore,  from 
the  distances  in  each  latitude  being  drawn  to  a  different  scale. 

This  projection  represents,  with  perfect  accuracy,  the  relative 
positions  of  places  as  respects  a  rhumb  line ;  it  does  not,  however, 
exhibit  the  relative  distances  between  places,  which,  when  required 
with  precision,  must  be  found  by  the  proper  construction.  No.  o28. 

The  projections  here  described  become  identical  at  the  equator. 

394.  Every  bearing,  obtained  either  by  means  of  the  magnetic 
needle  or  astronomical  observation,  is  a  horizontal  angle  on  the 
surface  of  the  sphere,  formed  at  the  eye,  and  contained  between  the 
meridian  of  the  observer  and  a  line  drawn  from  the  eye  to  meet  a 
plumb-line  passing  through  the  point  set.  Such  angle  is  the  same 
thing  as  the  course  on  a  great  circle.  Hence  observ^  bearings  are 
never,  unless  due  N.  or  S.,  or  £.  and  W.  on  the  equator,  identical 
with  bearings  taken  from  Mercator's  Chart.  The  difference  is  not» 
indeed,  perceptible  on^common  occasions,  on  account  of  the  small- 
iiess  of  the  portion  of  the  sphere  within  the  view  of  the  spectator ; 
but  in  charts  of  high  latitudes,  graduated  with  much  precision,  it 
becomes  manifest,  and  must  be  taken  into  consideration  when  it  is 

*  In  the  Plane  Ckeri  the  degrees  of  latitade  and  longitude  are  all  made  equal.  Thu 
projection  repreaenta  verj  nearly  the  relatire  directiona  and  diatancea  of  pUoea  near  the 
equator,  and  aenrea  for  plana  of  porta  and  seaa  in  thoae  regiona ;  but  in  hiEher  latitndea  it 
•xhiUta  tmlj  no  directiona  but  a.  and  W.,  N.  and  S.,  and  no  diatancea  but  thoae  on  n 
meridian.  Hence  the  figure  of  every  portion  of  sorfaoe,  howerer  amall,  is  distorted.  Thea« 
charta  are  no  longer  uaed. 
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required  to  employ  the  observed  bearing  of  a  distant  mountain  for 
any  purpose  in  which  precision  is  necessary.* 

A  distant  object  cannot,  accordingly,  be  correctly  laid  down  on 
the  chart,  from  its  observed  bearing  and  distance,  except  in  low  lati- 
tudes ;  it  must  therefore  be  laid  down  in  lat.  and  long,  as  determined 
bv  Spherical  Trigonometry.  .The  line  drawn  from  the  observer's 
place  to  this  position  laid  down  is  then  the  bearing  on  the  chart,^— 
uot  tiie  direction  of  the  object,  but  the  course  which  a  ship  must 
preserve  in  approaching  it  while  crossing  all  the  meridians  at  the 
same  anffle. 

It  foflows,  in  like  manner,  that  three  objects  which  lie  in  the 
same  great  circle  (not  the  merid.  or  the  equator),  and  therefore, 
when  seen  in  a  certain  direction,  appear  in  one,  form,  on  the  chart, 
an  elongated  triangle,  the  middle  object  of  the  three  being  on  the 

elar  side  of  the  line  joining  the  extremes.  Thus  the  summit  of 
ount  Athos,  which  lies  a  little  ((K  39^0  to  the  N.  of  the  great  circle 
passing  through  Mount  Olympus  and  the  summit  of  Imbros,  appears, 
on  the  chart  of  the  Archipelago,  nearly  2'  to  the  N.  of  the  straight 
line  joining  the  two  latter  places. 

395.  The  bearing  of  a  distant  object,  as  taken  from  the  chart  or 
computed  by  Mercator's  or  Mid.  Lat.  Sailing,  mav  be  converted, 
approximately,  into  the  true  azimuth,  as  it  would  be  observed, 
thus : — 

Find  half  the  Diff.  Long,  between  the  place  of  observation  and 
die  object,  and  also  the  Mid.  Lat.  between  tnem. 

To  the  log.  sine  of  half  the  D.  Long,  add  the  log.  sine  of  the 
Mid.  LJBit. ;  the  sum  is  the  log.  sine  of  the  corr.  required.  Apply 
the  corr.  to  the  N.  in  N.  Lat ,  and  to  the  S.  in  S.  Lat. 

Ei.  Tlie  obseirer  in  N.  lat.  40^  2'  sees  a  peak  in  lat.  40^  9'  N.,  and  i^  54'  W.  of  him  : 
required  the  true  azimuth,  as  deduced  from  the  rhomb  conne  ? 

The  Coone  by  Mereator's  Sailing,  is  N.  85^  %6'W. 

D.  Long.  1 14',  half  do.  c/      sin.  8*2196  Rhomb  bearing  85^  26' 

Mid.  Lat.  40^  s'      sin.  9*8088  Sob.  37 


Corr.  37'      sin.  8*0284 
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Sounding. 


396.  Sounding  is  ascertaining  the  depth  of  the  water.    This  is 
eommonly  done  by  a  lead  attached  to  a  line  marked  at  certain 


divisions. 


*  This  point,  and  .also  some  considerations  relative  to  the  projection  of  the  great  circle 
MUercator's  Chart  by  rectangular  oo-ordinates,  are  treated  in  the  "  Trait^  de  Geoddsie  & 
llJage  des  Marins,"  par  P.  B^gat     Paris.  1839. 

K 
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397.  The  soundings  marked  on  the  chart  are  taken  at  low-water 
Bpring-tides ;  the  depth  is  noted  in  fathoms,  and,  in  small  depths,  in 
feet,  and  the  nature  of  the  bottom  is  specified.  The  "  low  water  *  of 
the  charts  is,  generally,  the  average  of  the  spring  low  water.* 

Since  the  ship's  place  on  the  chart  can  tnus  be  determined,  within 
certain  limits,  by  the  soundings,  it  is  always  a  proper  precaution, 
however  correctly  the  reckoning  may  be  kept,  to  sound  on  approach- 
ing the  land,  in  like  manner,  in  a  fog  or  during  the  night,  the 
navigation  is  often  made  to  depend  upon  the  lead  alone. 

398.  Two  leads  are  employed  for  sounding,  the  hand-lead  weigh* 
ing  141bs.  and  attached  to  aboat  25  fathoms  of  line,  and  the  deep-sea 
kaoL,  weighing  281b8.  and  attached  to  100  fathoms  or  more  of  line 
wound  on  a  reel.  A  small  lead  of  five  or  six  pounds  is  sometimes 
used.  The  duality  of  the  bottom  is  ascertained  by  fixing  a  lump  of 
tallow,  called  the  arming^  on  the  lower  end  of  the  lead  before  it  is 
thrown  into  the  sea. 

399.  In  usinff  the  hand-lead,  the  leadsman,  standing  at  the  ves- 
sel's side,  or  in  uie  channels,  throws  the  lead  as  far  forward  as  he 
can,  swin^ng  it  once  or  even  twice  over  his  head  to  give  it  increased 
force,  and  endeavours  to  draw  the  line  ti^ht  from  the  lead  at  the 
instant  the  ship  by  her  progress  places  him  perpendicularly  over 
it.  The  hand-lead  descends  about  10  fathoms  in  the  first  six  seconds, 
according  to  some  trials  made  by  Capt.  Bullock ;  hence,  when  the 
vessel  is  going  fast,  it  is  often  difficult  to  get  soundings. 

The  line  is  marked  at  3,  6,  7,  10,  13,  16,  17,  and  20  fathoms.f 
These  depths  are  called  marks,  and  the  intermediate  ones  deqps; 
for  example,  in  obtaining  10  fathoms  the  leadsman  cries,  with  a 

Seculiar  song, "  By  the  mark  ten ;"  in  9  fathoms  he  cries,  "  By  the 
eep  nine."     On  some  occasions  the  leadsman  describes  the  bottom 
as  hard  or  soft. 

The  only  fractions  of  a  fathom  used  are  a  half  and  a  quarter ; 
thus,  1\  fathoms  are  called,  "  And  a  half  seven ;"  7|  fathoms  are 
called,  "A  quarter  less  eight." 

400.  In  heaving  the  deep-sea  lead,  the  lead  is  carried  to  the  fore 
part  of  the  ship,  as  the  weather  cathead  or  fore-chains,  or  the  lee 
cathead,  if  the  ship  is  making  much  leeway,  the  line  being  passed 
along  outside.  The  ship's  way  being  reduced  when  necessary,  the 
lead  is  dropped  and  the  soundings  are  observed  by  an  experienced 
seaman  at  the  quarter.  The  deep-sea  line  is  marked  at  each  10 
fathoms  by  the  corresponding  number  of  knots,  and  with  a  single 
knot  at  each  five.  The  error  of  the  soundings  is  generally  in  excess, 
because  the  line  can  rarely  be  stretched  straig^ht  from  the  lead. 

401  In  sounding  in  deep  water  in  small  vessels,  which  drift  to 
leeward  rapidly  upon  losing  their  way,  it  is  generally  advisable  to 
drop  the  lead  before  the  headway  ceases,  and  to  cause  the  vessel  tc 

*  As  Uiis  ayerage  height  is  not  indicated  by  natore,  it  wonld  be  better,  perhaps,  for 
ffeneral  practioei  and  for  &e  more  ready  comparison  of  soundings,  to  employ,  instead,  the 
lowest  of  all  the  low  waters. 

t  These  diTisions  require  to  be  measured  or  rectified  from  time  to  time ;  when  this  is 
done,  the  line  should  be  thoroughly  wetted. 
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Sather  stemwlij  so  as  to  pass  over  the  lead,  which  will  thus  have 
escended  through  a  considerable  depth  perpendicularly. 

Sounding  in  very  great  depths  by  the  lead-line  may  be  ex- 
pected, in  general,  to  be  most  successfully  performed  in  steam- 
yessels,  in  which  the  drift  caused  by  the  wind,  or  in  certain  cases 
by  the  current,  can  be  nearly  compensated  by  the  motion  of  the 
paddles. 

402.  The  interruption  to  the  voyage,  and  the  inconvenience  of 
rounding  the  ship  in  order  to  allow  time  for  the  deep-sea  lead  to 
descend  to  the  bottom,*  have  led  to  the  invention  of  instruments  for 
soundingwithout  stopping  the  ship's  way. 

(1.)  JBnrt's  buoy  and  nipper  is  a  simple  and  well-known  instru- 
ment. The  line  being  rove  through  a  spring-catch  in  the  buoy,  the 
lead  is  hove,  and  the  buoy  afterwards  dropped  into  the  water ;  the 
line  then  continues  to  run  through  the  catch  till  the  lead  reaches  the 
bottom,  or  is  checked  by  a  puU,  when  the  catch  firmly  seizes  the 
line,  attaching  the  buoy  to  it  at  the  depth  descended  through  by  the 
lead. 

(2.)  Massey's  lead,  which  registers  the  depth  of  water  descended 
through  by  wheelwork  set  in  motion  by  a  ny,  has  lon^  been  ap- 
proved. In  depths  exceeding  100  fathoms,  the  fly  is  liable  to  be 
crutfbed.i' 

(3.)  Ericesou's  lead  measures  tne  depth  of  water  by  the  space 
into  which  the  air  contained  in  a  glass  tube  and  reservoir  within  the 
lead  is  condensed  by  the  pressure  of  the  water.  The  depth  is  indi- 
cated on  a  graduated  scale  by  the  height  to  which  the  water  rises  in 
the  tube.;]: 

Care  should  be  taken,  in  hauling  up  these  instruments,  that  they 
are  not  suffered  to  descend  again ;  because,  by  raising  and  lowering 
them  alternately,  they  may  be  made  to  shew  an  increased  depth  of 
water.  It  is  also  recommended  to  lower  the  two  latter  gradually  to 
the  surface  of  the  water. 

'— ■ -  „  ■  I  II      !■  ^         ■  I   ■ ■     I  ■■  I U   I  ■    ■  If ■ ^^ 

*  In  an  ezperiment  made  by  Sir  James  C.  Rdes,  "A  Voya^  of  DiaooYeiy,*'  &c., 
vol.  i.  p.  321,  the  deep-iea  lead  deaoended  ihnra§^  the  lint  lOo  fethoma  in  38*;  the  second 
100  in  4$*  i  tiie  third  loo  in  69* ;  and  through  1 540  fiithoma  In  H"  ^9'« 

f  "  Surrey  of  the  Biver  St.  Lawrence,"  by  Capt  Bayfield. 

t  A  description  of  this  highly  ingenious  instrument,  with  an  investiffation  of  some  of  its 
properties,  and  of  the  effects  of  temperature  on  the  soundings  registered,  wiU  be  found  in  the 
SmtUcoi  Magmzime,  vol.  ▼.  p.  191, 
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CHAPTER  VII. 

The  Ship's  Journal. 
L  Keeping  the  Ship  s  Journal.     II.  Thb  Dat*8  Work. 

I.  Keeping  the  Ship's  Journal. 

403.  As  the  keeping  of  the  log  or  journal,  in  the  royal  navy  and 
in  the  merchant  service,  is  a  matter  strictly  professional,  and  as  no 
one  would  be  intrusted  with  it  whose  experience  did  not  qualify  him 
to  know  what  matters  to  insert  and  how  to  express  them,  —  and, 
moreover,  as  the  log-board,  from  which  the  ship's  log  is  copied,  is 
ruled  in  an  establisued  form,  the  following  remarks  are  inserted 
merely  for  reference,  and  not  as  a  complete  description  for  the  in- 
struction of  the  learner,  who  must  acquire  this  knowledge  with  that 
of  the  rest  of  his  duty. 

404.  In  the  navy  the  time  in  the  ship's  log-book  is  reckoned 
from  midnight,  as  civil  or  common  time ;  trie  first  hour  is,  therefore, 
1  o'clock  in  the  morning,  and  the  hours  are  carried  on  to  12,  or 
noon,  and  then  to  12,  or  midnight.  The  log-board,  however,  begins 
and  ends  at  noon. 

In  the  merchant  service  it  is  the  custom  to  begin  the  day  at 
noon,  and  the  hours  are  carried  on  to  12  at  midnight,  and  then 
to  the  next  noon.  Hence,  in  the  last  day  of  harbour-Tog,  it  is  usual 
to  remark,  '*  This  day  contains  twelve  hours  to  commence  the  sea- 

log." 

405.  At  noon,  if  the  ship  is  in  sight  of  land,  a  point  or  object  of 
known  latitude  or  longitude  is  set,  and  its  distance  estimated.  This 
method  of  taking  a  Departure,  which,  from  its  convenience,  is  in 
general  use  (No.  349),  is  sufiBciently  accurate  when  the  ship  is  very 
near  the  land ;  but  when  the  land  is  distant,  or  enveloped  in  haze, 
and  when,  in  consequence,  the  estimation  of  distance  is  liable  to 
great  uncertainty,  some  other  method  should,  if  practicable,  be 
adopted  in  preferenee,  or  at  least  employed  as  a  check.  If  there 
is  no  particular  object  in  sight,  the  extremes  of  the  land  are  set ; 
and  thus,  in  case  of  a  fog  coming  on,  the  ship  is  secured,  by  keeping 
outside  of  the  bearings  of  these  extremes,  from  approaching  the 
land.* 

*  Since,  when  the  ship  is  in  sight  of  land,  her  place  is  determined  with  reference  to  the 
land  alone,  it  is  customary,  during  this  time,  to  disoontinue  heaving  the  log,  and  therefore  to 
omit  the  insertion  of  the  courses  and  distances  on  the  log-board.  It  is  sometimes,  however, 
proper  to  keep  up  the  account  when  in  with  the  land,  as  it  affords  the  means  of  discovering  a 
|iermanent  current,  or  the  direction,  strength,  and  time  of  change  of  the  tide-cnirent. 
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If  the  ship  is  out  of  sight  of  land,  the  Course  and  Distance  made 
good  in  the  last  24  hours,  the  Latitude  and  Longitude  by  Dead 
Keckoning,  as  also  by  Observations  if  they  are  obtained,  are  in- 
serted, together  with  the  Bearings  and  Distance  of  the  port  or  of 
the  land  worked  for. 

406.  It  often  happens,  from  change  of  long.,  that  the  day  of  24^ 
has  expired  before  tne  sun  has  attained  the  meridian.  In  this  case, 
the  hours  having  been  truly  measured,  and  the  hourly  distances 
rightly  a<ssigned,  the  reckoning  is  truly  registered  up  to  the  run- 
ning out  of  the  last  glass,  and  an  increased  distance  must  therefore 
be  marked  against  the  last  hour  or  half-hour. 

In  like  manner  the  day  may  really  have  expired  by  observation 
before  the  24  hours  are  completed.  In  this  case  a  diminished  dis- 
tance must  be  marked  at  the  last  hour  or  half-hour. 

407.  The  Leeway  should  always  be  marked  on  the  log-board, 
since  it  is  impossible  for  any  one  to  know  what  leeway  the  sliip 
may  be  making  in  bad  weather  when  he  is  not  on  deck. 

408.  At  the  end  of  every  watch,  at  the  close  and  dawn  of  day, 
and  at  the  coming  on  of  a  fog,  the  land  b  set ;  so  that,  in  case  of 
losing  sight  of  it,  a  Departure  may  always  be  secured  at  the  latest 
period. 

409.  The  Weather  is  described  at  the  end  of  each  watch,  or 
oftener,  as  occasion  may  suggest.  In  order  to  mark  the  strength  of 
the  wind,  and  the  description  of  the  weather,  with  more  distinctness 
than  the  terms  in  general  use  amon^  seamen  are  capable  of  express- 
ing. Sir  F.  Beaufort  has  proposed  the  following  system  of  numbers 
and  letters,  which  has  been  adopted  by  order  of  the  Lords  Com- 
missioners of  the  Admiralty^  dated  Dec.  28,  1838,  in  Her  Majesty's 
ships : — 

FiouRBS  to  denote  the  Forcb  of  thb  Wind. 
o — Calm. 

I — Light  Air  Or,  jvst  sufficient  to  give  steerage  way. 

%— light  Breeze 1  Or,  that  in  which  a  well-condi-  fi  to  2  knots. 

m     n».fi«  -n I     tioned  man-of-war,  with  all.J .  ^.^     i,     ^ 

J-Gmaa  Bieo.  ...  S    ^  ^,  „a  dean  Ml,  would)  ^  *^  ♦  '"»*^ 

4— Moderate  Breeze  J     go  in  smooth  water  from (.5  to  6  knots. 


•  •••  I 


5 — Fresh  Breeze  .. 

6 — Strong  Breeie 

Or,  ffaaft  to  whidi  she  oonld 
7— Moderate  Gale.... 


just  carry  in  chase,  fall  andc 
°7 


'Tloyals,  &c. 

Single-reefed  topsails  and  to)>- 
gallant  sails. 

Double-reefed  topsails,  jib,  &c. 

Triple-reefed  topsails,  &c. 

^Close-reefed  topsails  and  courses. 


S— Fresh  Gale 

9~StroiigGale  

10— Whole  Gale  Or,  that  frith  which  she  conld  scarcely  bear  dose-reefed  main-top* 

sail  and  reefed  foresail. 

n— Storm  ...^ Or,  that  whidi  woold  reduce  her  to  storm-i 

u— Huricane Or,  that  whidi  no  canTsm  could  witfattand. 
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Lbttbks  to  denote  the  Stats  of  thi  Wbathkb 


of  the 


q — Squally. 

r — Rain;  oontlniied ram 

8 — Snow. 

t— Thunder. 

u — Ugly  threatemng   appeanmoe 

weather. 
Y — Viiibility  of  distant  objects,   whether 

the  sky  be  cloudy  or  not. 
w — Wet  dew. 

. — Under  anr  letter  mdicatea  an  eitnyor- 
dinary  degree. 


b — Blue  sky;  whether  with  dear  or  hazy 

atmoflphere. 
c — Cloudy ;  but  detached  opening  clouds, 
d — Drizzling  rain, 
f— Foggy— f,  Thick  fog. 

— Gloomy  dark  weather. 
— Hafl. 
1 — Lightning, 
m  —  Misty  hazy  atmosphere, 
o — OTercast ;  the  whole  sky  being  ooTered 

with  an  impervious  cloud. 
p — Paasiiig  temporary  showers. 

By  the  combination  of  these  letters,  aU  the  ordinary  phenomena  of  the  weather  may  be 
recorded  with  facility  and  brevity.  Examples: — b  c  m,  Blue  sky,  with  detached  opening 
clouds,  and  a  misty  atmosphere,    g  t,  Gloomy  dark  weather,  but  distant  objects  remarkably 

visible,     q  p  d  1 1,  Very  hard  squalls  with  passing  showers  of  ,drizzle,  and  accompanied  by 
lightning  with  very  heavy  thunder. 

410.  When  a  heavy  sea  is  running,  or  when  a  swell  rises  without 
corresponding  wind,  the  circumstance  is  noted. 

A  swell  is  named  after  the  point  of  the  compass  from  which  the 
waves  proceed,  like  the  wind  that  produces  them.  To  denote,  how- 
ever, a  south-westerly  swell  (for  example)  as  "  a  swell  from  the  S.W." 
removes  all  ambiguity.* 

411.  The  variation  of  the  compass,  when  observed,  is  inserted  in 
the  remarks  ;t  as  also  the  results  of  occasional  observations,  as  the 
latitude  by  double  altitude,  by  the  moon,  planets,  or  stars,  the  longi- 
tude by  lunar,  &c.,  the  exact  time  of  observation  being  specified. 

412.  In  general,  besides  the  details  proper  to  the  particular 
service  on  which  a  vessel  may  be  employed,  all  matters  relating  to 
her  place  are  inserted  in  the  log,  not  only  for  the  safety  or  conve- 
nience of  the  present  voyage,  but  as  matter  of  intelligence  or  of 
evidence  in  the  case  of  future  inquiry.  Hence  the  circumstance  of 
seeing  or  speaking  a  vessel  is  always  noticed. 

413.  The  following  is  the  form  in  which  the  logs  of  her  Majestv's 
ships  are  directed  to  be  kept  by  an  order  of  the  I^ard  of  Admiralty 
in  September  1850. 


*  Captain  Horsburgh  complains,  in  his  "  East  India  Directory,"  that  in  several  journals 
which  he  had  had  occasion  to  consult,  he  found  the  current  and  the  swell  denoted  in 
exactly  the  opposite  manner  from  that  which  had  been  intended,  thereby  producing  utter 
confusion.  It  is  therefore  highly  important  that  seamen,  when  they  note  such  drcum- 
stances,  should  either  scrupulously  adhere  to  established  terms,  or,  to  avoid  ambiguity  of 
language,  write  matters  at  length. 

t  As  the  observed  variation  changes  with  the  direction  of  the  ship's  ht«d  (No.  236),  and 
with  her  inclination  (No.  240),  both  these  elements,  as  they  eiist  at  the  time  of  obserratlon* 
Bhnuld  be  stated ;  the  latter  may  be  noted  thus  :  4^  St.,  implying  4^  to  starbodlhl ;  13^  Po., 
13   to  port. 
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414.  The  steam-vessels  of  Her  Majesty's  fleet  keep  a  log  like 


^ 
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other  vessels,  which  occupies  the  left-hand  page  of  the  log-book, 
and  on  the  right-hand  page  a  further  Register,  as  follows : — 
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415.  The  foUowins  example  of  the  log  of  a  merchant  ship  is 
extracted  from  the  log  of  the  brigantine  Tula,*  John  Biscoe, 
oommandery  kept  by  G.  White,  mate : — 

*  Hie  TvHa,  and  her  oonaort,  the  LiTely,  were  fitted  out  by  Measn.  Enderby  on  a  Toyage 
ef  diaoorery  in  the  Antarctie  regions,  for  the  purpose  of  examining  the  state  of  the  whale  anid 
leil  fisheries.  I  am  indebted  to  those  enterprising  gentlemen  for  the  aboTe  example  of  a 
iof,  which  was  selected  from  numerous  others  on  account  of  its  having  been  kept  with 
ooBsuai  care. 


138 


NAVIGATION. 


H. 

K. 

F. 

Counea. 

Winds. 

L.W. 

Reinarlu.    Monday,  March  10th,  1834. 

I 
« 

3 

4 

5 

6 

7 
8 

9 

7 
8 
8 
8 
8 
8 
8 
8 
8 

6 

4 
4 

N.W.  by  N. 

s.s.w. 

P.M. 

Steady  breezes  and  fine  clear  wr. ;  all 
possible  sail  set  to  advantage. 
4'*  Steady  breezes  and  do.  wr. 

• 

8^  Do.  wr.      Stowed  the  gaff-topsail. 
lo^  Fresh  breezes,  with  passing  clouds. 

lO 

II 
la 

I 
1 

3 
4 
5 

8 
8 

9 

9 

9 

9 

9 
8 

4 
4 

N.N.W. 
N.W.  by  N. 

s.w. 

Midnight.   Increasing  breeze  and  dear 
wr.    2i>  In  t.  g.  sail  and  fore-topmast  stud.- 
sail,     s**  30"*  Passed  an  iceberg. 

4I*    Strong  winds  and  heavy  squalls; 
carried  away  the  jib  boom  and  split  the  saiL 
Took  in  ga^  t.  sail.    In  two  reefs  in  the 
t.  sail  and  mainsaiL 

6 

7 
8 

9 

10 

II 

7 

7 
6 

6 

6 

6 

6 

2 
4. 

S*!  A  little  mod.  and  dear ;  set  the  stav- 
f.sail.  Passed  an  icebeiig.  i^  Took  the 
bonnet  off  the  g.  t.  sail  and  set  it. 

Noon.  Fresh  breezes  and  dear  wr. ;  let 
one  reef  out  of  the  topsail. 

12 

6.; 

Lat.  obs,  46**  3/  S. 

Counc 

»,N.19»W.    DistlSa.    D.Lat.  18*09.    Dep.61-&    D.I<ang.»r.    Ut.D.R.46*4(rS.       1 

L«iig.D.R.M^2yW.                                                               1 

1 

H. 

K. 

F. 

Councs. 

Windi. 

L.W. 

I 

6 

4 

N.byW. 

S.W. 

F.M. 

3 

4 

1 

7 
8 

9 

lO 

II 

12 

I 

% 
X 

^ 

4 

North. 

N.byW. 

North. 

N.byE. 

W.byN. 

• 

Fresh  breeses  and  fine  dearwr.    3^  Set 
the  t.  g.  saiL 

7^  Mod.  and  dear.    Saw  a  large  ice- 
berg N.N.E.     8*^  Xncreasiiig  breeze,  with 
pufi  at  times ;  in  top  galL  aaiL 

Midnight  Fresh  breeaes  and  dear  wr. 
i^  Passed  about  half  a  mile  to  leeward  of 
an  iceberg.    4^  Do.  wr. 

4 

1 

7 
8 

9 

lO 

II 

4 
4 
4 

laUowhalfa 
mile  an  hoar 
for  a  north- 
erly set 

6^  Do.  wr.    mve  icebergs  in  sight. 
8^  Fresh  breezes  and  dear.    Seven  ice- 
Latter  part  mod.  and  dewi  with  a  heavy 

12 

1 

Lat.ob8.  44^'38'a 

COUtN 

•  N.ITB.    DM.  ISO.    I>.Litt.l]9'4.    Dep.88-1.    D.Loiic.48^.    LatD.lU4i*4rS.        1 

Lon^  D.It.fi8*8rW.                                                             | 
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416.  As  different  plans  of  keeping  ships'  logs  have  been  adopted 
from  time  to  time,  we  shall  repeat  here  some  of  the  remarks  on  the 
subject  which  have  appeared  in  the  preceding  editions. 

The  latitude  by  D.R.  and  by  observation,  and  the  longitude  by 
D.R.  and  by  observation  (chronometer),  have  been  inserted  in 
various  ways.  Perhaps  the  most  convenient  method  would  be  to 
contract  the  depth  of  the  horizontal  space  occupied  by  the  headings 
**  Course/'  ^'  Diatance/'  ScCf  and  to  deepen  the  next  space  below 
them,  and  then  to  write  the  Obs.  under  the  D.R.  in  both  latitude 
and  longitude.  In  this  position  they  could  at  once  be  compared, 
and,  if  necessary,  the  differences  taken,  as  for  finding  the  effect  of  a 
eurrent  or  other  purpose.*  The  longitude  by  lunar  would  always 
be  noted  in  the  Remarks,  because  this  cannot  be  a  daily  observation 

Consistency  would  require  the  courses  to  precede  the  columns 
K.  and  F.,  because  the  Course  is  always  spoken  of  before  the  Dis- 
tance ;  but  this  may  be  left  to  convenience  or  to  custom. 

It  certainly  seems  desirable  that  a  systematic  method  of  keeping 
ships'  logs  should  be  universally  adhered  to.  It  appears  a  needless, 
and  is  a  very  perplexing  arrangement,  that  the  forenoon  should  be 
Saturday,  and  the  afternoon  of  the  same  day  Sunday.  The  astrono- 
mical day  (which  is  reckoned  in  this  way)  has,  indeed,  for  its  begin- 
ning, the  sun's  meridian  passage  at  noon,  because  this  is  a  fact  that 
may  be  observed,  and  is  taken  as  a  point  of  departure ;  and  when  we 
have  to  make  astronomical  calculations,  we  of  course  refer  to  the 
banning  of  the  astronomical  day.  But  surely  no  satisfactory 
reason  can  be  given  for  employing  astronomical  time  for  civil  pur- 
paseif  and  thus  perplexing  the  common  transactions  of  life  by  con- 
aideratioiis  which  have  nothing  whatever  to  do  with  them. 

In  merchant-ships  the  log  is  most  commonly  marked  every  two 
hoars  only ;  much  is  thus  left  to  guess-work  in  cases  of  alteration 
of  course  or  wind.  But  this  is  not  the  worst  part  of  the  system ; 
for  instead  of  writing  against  the  hours  the  distance  ntn,  the  rate 
for  the  two  hours  is  written :  so  that,  instead  of  adding  up  distances 
with  a  reasonable  chance  of  some  compensation  of  errors,  the  rates 
are  multiplied,  with  the  certainty  of  doubling  the  errors  of  the 
estimation. 

*  Another  compartment  hai  been  added  by  some  nayigators,  and  appropriated  to  tlie 
efledi  of  the  current,  as  dednced  by  oomparmf  the  ship's  place  by  D.R.  with  that  by  obser- 
v4tion«    The  navy  log  appears  complete  for  ^sse  sereral  pnrposei. 
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^  II.  The  Day's  Wobk. 

417.  This  is  the  process  of  finding  the  plaee  of  tlid  ship,  with 
reference  either  to  her  place  at  yesterday's  noon,  or  to  a  departure 
taken  since,  and  comprises* 

1st,  The  Course  and  Distance  made  good; 

2d,  The  Lat.  and  Long,  in ; 

3d,  The  Bearing  and  Distance  of  some  port,  which  is  either  to 
be  steered  for  directly,  or  is  an  intermediate  point  of  land  with  refer- 
ence to  which  the  course  is  to  be  shaped,  so  as  to  make  it  or  to 
avoid  it. 

418.  To  work  a  day's  work.  (1.)  Take  the  courses,  with  the 
distance  run  on  each,  from  the  log-board. 

When  a  departure  has  been  taken,  consider  it  as  a  course  and 
distance  in  the  opposite  direction. 

If  the  variation  has  changed  more  than  2?  since  the  departure 
was  taken,  correct  each  course  separately.  No.  224 ;  if  not,  defer  this 
correction. 

Every  course  affected  by  leewav  must  be  corrected  accordingly. 
The  quantity,  if  not  marked  on  the  boards  must  be  estimated  from 
the  circumstances. 

When  the  ship  is  on  the  starboard  tack,  allow  the  leeway  to  the 
left;  when  on  tne  port  tack,  allow  it  to  the  rwht^  the  observer 
being  supposed  in  the  centre  of  the  compass.  When  tbe  ship  is 
hove-to,  take  the  middle  point  between  that  to  which  she  comes  up 
and  that  to  which  she  faAs  off,  for  the  compass  course,  and  correct 
this  for  leeway. 

(2.)  Having  corrected  the  Courses  thus  far,  take  out  to  each  the 
D.  Lat.  and  Dep.  from  the  Traverse  Tables  I.  or  II.,  and  find  the 
Course  and  Distance  made  good  by  Traverse  Sailing,  No.  287. 

If  the  variation  has  not  been  allowed  for,  apply  it  to  the  resulting 
course.  No.  224. 

(3.)  Apply  the  D.  Lat.  to  the  Lat.  left :  the  result  is  the  Lat.  in, 
No.  190. 

With  the  Lat.  left  and  Lat.  in,  and  the  Course,  find  the  D.  Long, 
by  Case  I.  of  Mid.  Lat.  or  Mercator's  Sailing  (No.  316  or  323),  unless 
the  Course  is  due  E.  or  W.,  when  proceed  by  Case  I.  of  Parallel 
Sailing,  No.  304. 

Having  the  Long,  left  and  Diff.  Long.,  find  the  Long,  in,  No. 
196. 

(4.)  Having  now  the  Lat.  and  Long,  of  the  ship,  and  those  of 
the  port  to  be  worked  for,  find  its  Bearing  and  Distance ;  if  in  the 
Lat.  of  the  ship,  by  Case  II.  of  Parallel  Sailing,  No.  307  ;  otherwise 
by  Case  II.  of  Mid.  Lat.,  or  Mercator's  Sailing,  No.  318  or  326 ;  or 
find  the  Course  on  a  great  circle,  No.  337  or  338. 

It  is  mere  waste  of  time  to  work  the  Course  nearer  than  to  the 
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vhole  degree ;  for  even  if  the  compass  could  be  depended  upon,  as 
it  cannot  be,  to  1®,  the  ship  cannot  generally  be  stewed  within  twice 
that  quantity. 

Ex.  1.   (See  No.  415,  March  nth.)    Courses,  N.  by  W.  39  miles ;  N.  ai ;  N.  by  E.  62 ; 
TV.  14°  E:  find  the  Lat  and  Long  by  D.R. 


COVM. 

DiSt 

N. 

s. 

r. 

T 

N.iptW. 

North. 

N.  iptE. 

39 

21 
61 

38'! 
22*0 

6o'8 

7-6 

7-6 

i»i*o 

4*5 

U.  Lat.  116 
Lat.  left 

Lat.  D.R. 
Sum  of  Lats. 

Mid.  Ut. 


i*»  56'  N. 
46   37  S. 


44  41  S. 
91    18 


45   39 


D.  Lat.  iiiN.,  and  Dep.  4*5  E.,  give 
CooneN.i^E.,  by  compass,  Dist.  121  miles. 
Allowing  14^  to  the  riffM,  gives  Coussb  N. 
16  E.  true.    True  D.  Lat.  116,  Dep.  33*4. 


Mid.  Lat.  46°,  and  Dep.  ^3*4,  as 
V).  Lat.,  give  Dist.  48,  which  is  the 
D.  Long. 

Long,  left           54'2s'W. 
D.  Long.  48  E. 

LoKO.  D.R.      53   37  W. 


Ex.  2.    The  ship  while  hove  to  for  the  first  two  hours,  with  light  north-easterly  windp, 
mne  op  to  E.,  and  fell  off  S.S.E.  ;  taking  S.E.  by  E.  as  the  middle  course,  allowing  2  pts 
Wnj,  and  3  miles  distance,  gives  S.E.  by  S.  3  miles,  after  which  the  courses  and  dibts. 
follow  as  below.     Lat.  left  29°  26'  N.,  long,  left  127^  42'  E. :  find  the  Lat.  and  Long.  in. 


/     CoanM. 

Dirt. 

N. 

8. 

E. 

w. 

S.E.  by  S. 

3 

»'5 

17 

S.S.E.  ^  E. 

43 

20' 3 

IO-8 

S.S.s* 

49 

453 

i8-8 

S.  by  E.  ^  E. 

44 

23*0 

7'o 

S.  by  E. 

6 

5*9 

1*2 

S.W,  by  S. 

8 

67 

4*4 

S.W. 

7 

4*9 

4*9 

S.W.  by  W. 

7 

3*9 

5« 

W.byN. 

5 

i*o 

4*9 

S.iE. 

6 

6-0 

0-6 

• 

I'O 

118*5 

40*1 

20*0 

i-o 

20'0 

117*5 

20*1 

D.  Lat.  118 


i*>5R'&. 


Lat.  left,  D.R.        29  26  N. 

Lat.  in,  D.R.        27  28  N. 

Lat.  left  29^.  and  LaL  in  27**. 
give  Mid.  Lat.  28^. 

Then  28°  and  D.  Lat. 

14*5  give  Dist.  16' E. 

Long.  Idft  127  41  E. 

Long,  in,  D.R.    127  58  E 


The  D.  Lat.  117*5  >^<1  l^ep.  20' i  give  Course 
by  Compass  S.  io°E.  Dist.  119  miles. 

Applying  3^  (vu.)  to  the  right  gives  Cotjrss 
S.  7°  B.  true.  Then  7°  and  Dist.  119  give 
D.  Lat  118*1,  and  Dep.  14*5. 

Ex.  3.  The  Departure  is  taken  from  the  Eddystone,  bearing  N.N.E.  12  miles.  The 
dup  ran,  on  the  starboard  tack,  S.  by  E.  14  (miles),  S.  by  W.  10,  and  S.W.  by  W.  8. 
Allow  1}  point  leeway,  and  2^  pomts  westerly  variation.  Find  the  Bearing  and  Distance  of 
Udiant. 

The  Departure  gives  a  Course  S.S.W.  (No.  418  (1.)).  Correcting  the  other  Courses  for 
leeway,  S.  by  E.  becomes  S.S.E.  i  E.,  S.  by  W.  becomes  S.  |  E.,  and  S.W.  by  W.  becomes 
S.W.  1  S. 
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COUIMI. 

DIsts. 

N. 

& 

B. 

w. 

S.  2  pta.  W. 

12 

11*1 

4-6 

S.  24  pts.  E. 

H 

ii'3 

6-6 

S.  4  pt.  £. 

lO 

XO'O 

i*o 

S.  3i  ptsW. 

8 

6-1 

5-1 

396 

7-6 

97 

7-6 

• 

2*1 

D.  Lat.  39*6  and  Dep.  a*i  giye  Course 
S.  3®  W.,  DiST.  40.  Applying  ij  pts.  or  25® 
to  the  left,  gives  Course  S.  22°  E.  true.  Then, 
Course  22^  and  Dist.  4J0  give  D.Lat.  37*1,  and 
Dep.  15*0. 


Eddystone  Lat.      50^  1 1'  N. 
D.  Lat.  37  S. 

Lat.  in,  D.R.       49   34  N. 

Lat.  left  50®  and  Lat.  in  49^^ 
give  Mid.  Lat.  50^. 

Then  50°  and  15*0  as  D.  Lat. 
give  Dist.  23',  the  D.  Long. 

Eddystone  Long.    4""  16'  W. 
D.  Long.  23  E. 

Long,  in,  D.R.      3   53  W. 

Lat.  in  49°  34'    Long.  3°  53' 
Uahant  48   29  5     3 

I     J—fis'         I    iO"-7o' 
Mid.  Lat.  49^^ 

Course  49°  and  Dist.  70  give 
D.  Lat.  46;  this,  as  Dep.  and 
D.  Lat.  65,  give  Bbauno  S.  35^ 
W.,  Dist.  80  miles,  and  Course 
to  be  steered  S.  do^'W 


Ex.  4.  A  sh^  from  lat  0°  5'  N.,  and  long.  0°  x/ W.,  sails  S.W.  by  S.  7  miles,  S.by  fi. 
22,  S.S.W.  4  W.  8,  and  N.E.  by  E.  20 :  find  the  Course  and  Distance  to  C.  Palmas.  Var. 
i9*»W. 


Counet. 

DUti. 

N. 

S. 

E. 

w 

S.  3  pts.  W. 

7 

5-8 

39 

S.  I  pt.  £. 

22 

21*6 

4*3 

S.  2|pt8.W. 

8 

7-1 

3-8 

N.  5  pts.  E. 

20 

II*I 

i6-6 

77 

34*5 

20*9 

ii'i 

77 

• 

234 

13*2 

Lai.  from 
D.  Lat. 

liAT.  IN,  D.R. 

o« 
0 

0 

5'N. 
18  S. 

13  S.  , 

Near  the  equator  Dep.  is  Diff. 
Long.,  No.  311 ;  henoe. 

Long,  from 
D.  Long. 

Long,  in,  D.R. 

o« 
0 

0 

i/W. 
20  E. 

3E. 

D.  Lat.  23*4  and  Dep.  13*2  give  Course 
S.  29°  E  ,  Dist.  27  miles,  ^plying  19^  to 
the  left,  gives  CouRSv  S.  48°  E.  true.  Then, 
Course  48°  and  Dist.  27  give  D.  Lat.  18  wod 
Pep.  20. 


Lat. in  o''i3'S.     Long,  o""  3'E. 
C.  Pal.  4  22  N.  7  44  W. 

4  35-175'  7  47-467 

D.  Lat  275  and  Dep.  467  givA 
Course  N.  60°  W.,  and  Dist.  540 
miles ;  and  Coursb  to  be  steeiad 
N.  41*'  W. 
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CHAPTER  I. 


Definitions. 

419.  This  branch  of  the  sabject,  as  already  defined  ander  tho 
liead  Navigation,  No.  179,  relates  to  finding  the  place  of  the  spec- 
tator on  tbe  surface  of  the  earth  by  obseryation  of  the  heavenly 
bodies. 

420.  To  the  spectator  at  the  surface  of  the  earth  the  heavens 
appear  to  form  a  vault,  or  the  upper  half  of  a  hollow  sphere,  of 
which  he  is  the  centre ;  the  earth  itself,  or  the  ground  or  sea  on 
which  he  stands,  occupying  the  lower  half.  Any  two  points  on  the 
apparent  concave  or  celestial  surface,  as  two  stars,  for  example,  may 
be  supposed  to  be  connected  by  an  arc  of  a  circle  drawn  on  that 
surface :  and  thus  the  apparent  celestial  sphere  may  be  conceived  to 
be  marked  with  circles  like  the  terrestrial  globe. 

421.  The  spectator  stands  with  his  feet  towards  the  centre  of  the 
globe ;  that  is,  a  plumb-line,  which  is  vertical,  passes  through  the 
spectator  and  this  centre;*  and  thus  the  spectator  always  conceives 
himself  on  the  summit  of  the  globe.f  Suppose  him  now  to  descend 
the  above  line  to  the  centre,  and  then  suppose  the  upper  half  of  the 
earth  or  globe  to  be  cut  off  horizontally,  that  is,  parallel  to  the 
horizon,  or  perpendicular  to  the  plumb-line.  The  surface  of  the 
lower  half-globe,  or  hemisphere,  so  exposed,  being  produced  on  all 
sides  to  meet  the  concave  celestial  surface,  is  callea  the  Rational 

*  Tlie  earth  u  here  lapposed  to  be  a  globe ;  the  plumb-line  does  not  ezactlj  pati  throvgA 
tiw  centre  of  the  spheroid,  but  the  difference  is  not  worth  notice  here. 

t  TUs  is  the  principle  of  rectifying  the  globe,  or  placing  the  globe  to  shew  the  relatiTe 
position  of  the  spectator  and  the  heavens. 

To  rectify  the  globe,  as,  for  ex.,  for  Greenwich,  in  51°  N.  Lat.  Flace  the  globe  on  a 
level  soHaoe,  so  th^  tiie  broad  rim,  or  horison,  shall  be  horinmtaL  Take  hold  of  the  brass 
meridian,  and  torn  the  globe  round  in  its  stand  (upwards  or  downwards)  until  tiie  N.  pole  is 
Si'^above  the  rim. 

Direct  the  N.  point  of  the  rim  (now  under  the  pole)  to  the  true  north.  Turn  the  globe 
round  its  axis  till  Greenwich  passes  under  the  meridian ;  Greenwich  will  now  be  the  upper- 
aaost  point. 

The  axis  of  the  globe  now  makes  the  same  angle  with  the  wooden  horizon  that  the  axis 
of  the  hesTcns  (or  line  joining  the  centre  and  the  poles)  makes  with  the  horizon  of  the  speo- 
Ifeior. 
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HoBizov.     Every  point  of  the  earth's  surface  has  thus  a  different 
rational  horizon,  but  all  these  horizons  have  the  same  centre. 

422.  It  becomes,  in  general,  necessary,  for  considerations  which 
will  appear  hereafter,  to  reduce  celestial  observations  taken  at  the 
surface  of  the  earth  to  what  they  would  have  been  if  taken  at  the 
centre ;  in  the  following  figures,  therefore,  the  observer  is  supposed 
to  be  at  the  centre  of  the  earth.  The  dimensions  of  the  earth  are  so 
small  in  comparison  with  the  vast  distances  of  the  stars,  that  the 
above  change  of  place  of  the  spectator  from  the  surface  to  the  centre, 
or  to  any  other  point,  would  produce  no  change  whatever  in  the 
apparent  places  or  directions  of  the  stars ;  and,  accordingly,  the 
magnitude  of  the  earth,  in  drawing  figures  for  geueral  purposes,  is 
neglected,  the  earth  itself  being  considered  as  a  mere  point  in  the 
centre  of  the  great  sphere  which  circumscribes  the  stars.  In  the 
case  of  dearer  bodies,  as  the  sun  and  some  others,  and  especially  the 
moon,  which,  when  viewed  with  delicate  instruments,  appear  in 
different  directions  when  seen  from  diffierent  points  of  the  surface  of 
the  earth,  this  apparent  change  of  place  is  allowed  for  by  a  special 
calculation.    (See  Parallax,  No.  435) 

423.  The  Zenith  is  the  point  vertically  over  the  spectator,  and 
distant  9(P  from  the  rational  horizon  at  every  point. 

The  point  opposite  the  zenith,  or  under  the  spectator's  feet,  on 
the  other  side  of  the  centre,  is  called  the  Nadir. 


In  fig.  1,  NWSE  represents  the  Rational  Horizon;  NS,  the 
Meridian  of  the  observer;  N,  S,  E,  W,  the  North,  South,  East,  and 
West  points ;  Z,  the  Zenith,  which  is  seen  directly  over,  or  in  one 
with  the  centre.  This  figure  is  drawn  on  the  plane  of  the  rational 
horizon,  and  shews  the  several  circles  as  they  would  appear  to  an 
eye  looking  down  vertically  from  a  point  at  a  great  distance  above 
the  zenith. 

Fig.  2  is  drawn  on  the  plane  of  the  meridian,  and  shews  the 
several  circles  of  the  upper  or  visible  half  of  the  sphere,  as  they 
would  appear  to  the  eye  situated  at  a  ^reat  distance  due  east  of  the 
sphere.  In  this  figure  the  circle  N  W8 E,  or  the  horizon,  appears 
as  a  straight  line  N  S,  being  seen  edgeways ;  while  the  meridian. 
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which  in  fig.  1  is  the  straight  line  N  S,  appears  here  as  the  semicircle 
N  P  2i  S.     The  E  and  W  points  are  seen  in  one  with  the  centre. 

Of  these  two  figures,  that  one  would  naturally  be  preferred  which 
would  best  illustrate  a  proposed  case.  Fig.  1  may  generally  be 
employed  to  exhibit  the  hour-angle  and  azimuth ;  and  fig.  2  the 
altitude,  when  the  celestial  body  is  near  the  horizon.* 

424.  P,  the  PoLB  of  the  heavens,  is  the  point  which  remains 
fixed,  whilst  the  rest  of  the  celestial  surface  seen  above  the  horizon 
appears  to  revolve. 

The  pole  P  is  here  represented  as  the  North  pole;  the  othei 
extremity  of  the  axis  round  which  the  sphere  appears  to  revolve  is 
the  Soutn  pole,  and  takes  the  place  of  P  when  the  figure  is  drawn 
for  S.  Lat.    This  pole  is  called  the  elevated  pole. 

426.  The  circle  E  M  W,  90**  from  the  pole,  is  the  Celestial 
Equator.  The  plane  of  the  earth's  equator,  E  M  W,  fig.  p.  55, 
No.  180,  being  extended  to  the  heavens,  marks  on  the  sphere  the 
celestial  equator. 

426.  A  Celestial  Meridian  is  a  semicircle  passing  through 
the  pole  of  the  heavens ;  P  Z  S  is  the  celestial  meridian  of  the 
spectator.  The  plane  of  the  terrestrial  meridian  extended  to  the 
heavens  marks  on  the  sphere  the  celestial  meridian. 

427.  Circles  of  Altitude  are  circles  passing  through  the 
zenith,  and  vertical  at  the  place  of  the  spectator.  Thus  Z  A  II  is 
the  circle  of  altitude  passing  through  a  star  A.  Such,  also,  are 
ZMS,  ZPN. 

428.  The  Prime  Vertical  is  the  vertical  circle  E  Z  W  passing 
through  the  E.  and  W.  points.  In  fig.  2,  E  Z  W  does  TU)t  appear, 
being  in  one  with  C  Z,  a  radius  joining  the  centre  and  zemtn. 

When  the  observer  is  on  the  equator,  the  celestial  equator  and 
prime  vertical  coincide. 

429.  Altitude  is  measured  on  a  circle  of  altitude  from  the 
horizon ;  thus  A  H  is  the  altitude  of  A. 

The  arc  A  H  is  the  measure  of  the  angle  A  C  H,  which  would 
be  formed  at  the  centre  by  two  straight  lines^  C  H  and  C  A.  The 
alt.  of  a  body  M  on  the  meridian  is  M  S,  which  is  the  measure  of 
the  angle  MCS. 

430.  ParaUeh  of  Altitude  are  circles  parallel  to  the  horizon. 

431.  Zenith  Distance  is  the  arc  included  between  the  zenith 
and  the  celestial  body,  or  the  angular  distance  of  a  body  from  the 
zenith  of  which  that  arc  is  the  measure.  The  zenith  distance  is, 
therefore,  the  complement  of  the  altitude  to  90^,  as  Z  A. 

432.  The  altitude  of  a  celestial  body,  as  seen  from  the  surface  of 
the  earth,  is  called  the  apparent  altitude ;  as  seen  from  the  centre, 
the  true  altitude. 

A  lay  of  light,  proceeding  from  the  body,  when  not  in  the  zenith, 
to  the  eye,  in  traversing  the  earth's  atmosphere,  which  is  heavier, 
or  denser,  as  it  is  nearer  the  surface,  is  bent  more  and  more  as  it 


*  In  fike  mannar  the  t^pnare  may  be  drawn  in  the  plane  of  tlie  equator  (at  in  Noa.  473. 
478),  in  that  of  the  prime  Tertical,  or  any  other  cirde. 


L 


146 


NAUTICAL  ASTRONOMT. 


approaches  tbe  earth,  towards  the  perpendicular  direction ;  and  as 
the  spectator  sees  any  object,  not  suways  in  its  true  direction,  but 
in  that  direction  in  which  the  light  from  it  finally  enters  his  eye,  a 
celestial  body  appears  higher  than  its  true  place.  Thus,  the  ray 
S  A,  which  proceeds  from  a  star,  is  more 
and  more  bent  towards  the  vertical  line 
A  Z  as  it  approaches  the  surface,  whereby 
the  spectator  sees  the  star  in  the  direc- 
tion A  S^,  and  therefore  higher  than  its 
true  position. 

The  ray  A  Z,  which  traverses  the 
atmosphere  perpendicularly,  undergoes 
no  refraction.  Thus  to  the  eye  supposed 
at  the  centre  all  rays  would  proceed 
without  any  deviation ;  because  lines  drawn  towards  the  centre  of 
the  sphere  are  perpendicular  to  its  circumference,  parallel  to  which 
the  atmosphere  is  disposed. 

433.  This  alteration  in  the  apparent  place  of  a  celestial  body, 
caused  b^^  ^he  atmosphere,  is  called  tbe  Astronomical  Refraction. 

The  astronomical  refraction  is  0  at  the  zenith,  and  about  34'  at 
the  horizon ;  hence  a  celestial  body,  when  really  on  the  horizon, 
appears  elevated  34^ above  it,  and  is  seen  on  the  horizon  when  really 
34^  below  it.  From  the  same  cause  all  the  celestial  bodies  rise 
earlier  and  set  later  than  they  would  were  there  no  atmosphere. 

The  refraction  varies  with  the  density  or  weight  of  the  air,  being 
greater  when  the  barometer  is  high,  or  the  air  cold,  and  less  when 
the  barometer  is  low,  or  the  air  warm.  The  mean  refraction^  or  that 
in  the  averi^e  state  of  the  atmosphere,  is  given  in  Table  31,  and 
corrections  for  different  states  of  the  air  in  Tables  32  and  33. 

Since  refraction  causes  the  object  to  appear  too  htgh^  it  is  to  be  tub- 
traded  from  the  apparent  altitude  in  reaucing  it  to  the  true  altitude. 

434.  Twilight  is  the  effect  of  the  illumination  of  the  upper 
regions  of  the  atmosphere  by  the  sun,  before  he  has  risen  or  aner 
he  has  set,  at  the  place  of  the  spectator.  Twilight  continues,  gene- 
rally, while  the  sun  is  less  than  18^  below  the  horizon. 

435.  Parallax  in  Altitude  is  the  angular  depression  of  a 
celestial  body,  in  consequence  of  its  being  seen  from  the  surface 
instead  of  the  centre  of  the  earth,  thus : 
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The  body  S,  which  is  vertical  to  the  spectator  (who  always  stands 
with  his  feet  towards  the  centre)  at  B,  in  the  line  CS,  appears  at 
T,  being  seen  in  the  direction  C  S  T ;  while  to  a  spectator  at  A  the 
same  body  appears  below  T  at  U,  or  in  the  direction  A  8  U ;  the 
angle  A  S  C,  or  T  S  U,  which  is  equal  to  A  S  C,  No.  1 16,  is  the paraUax 
in  altitude.    (Tables  34  and  45.) 

The  spectator  at  B  sees  S  in  the  same  line  as  if  he  were  at 
the  centre;  that  is,  a  body  in  the  zenith  has  no  parallax.  To  a 
spectator  at  D,  to  whom  8  appears  in  the  horizon,  the  depression, 
or  parallax,  is  greater  than  at  any  other  point. 

The  parallax  at  the  horizon  is  called  the  Horizontal  Parallax. 

Since  parallax  makes  the  object  appear  too  low^  it  is  to  be  added 
to  the  apparent  altitade,  in  reducing  it  to  the  true  altitude. 

436.  It  is  evident,  by  the  fig.  No.  435,  that  the  farther  off  a 
celestial  body  is,  the  less  parallax  it  will  have ;  and  the  nearer,  the 
more.  The  sun  has  about  9^  hor.  par. :  the  moon  has  about  I^. 
Parallax  b  matter  of  actual  observation,  and  determines  definitively 
the  distances  of  the  sun,  moon,  and  planets. 

437.  The  parallax  will  obviously  be  less  if  the  earth's  radius  is 
less.  Now,  the  earth  being  shaped  like  an  orange,  the  radius,  or 
line  from  the  centre  to  the  surface,  in  any  latitude,  is  less  than  at 
the  equator;  hence  the  moon's  hor.  par.  in  the  Nautical  Almanac^ 
which  is  the  equatoreal  hor.  par.,  is  too  great  for  any  latitude.  The 
reduction  is  given  in  Table  41. 

438.  Since  the  apparent  altitude  is  too  great  on  account  of 
refraction,  and  too  small  on  account  of  parallax,  the  diff.  between 
these  quantities  is  the  diff.  between  the  true  and  apparent  altitudes. 
This  difference,  or  the  combined  effect  of  parallax  and  refraction,  is 
called  the  Correction  of  Altitude, 

The  moon's  Corr.  of  Alt.  is  given  in  Table  39 ;  that  of  a  star  is 
merely  its  refraction. 

439.  The  Seiii-diamrtbr  of  a  celestial  body  is  half  the  angle 
subtended  by  the  diameter  of  the  visible  disc. 

Thus  to  a  spectator  at  S  the  semi-diameter  of  the  body  is  half 
the  angle  subtended  by  the  diameter  D  F,  or  contained  between  the 
lines  SD,  8  F,  supposed  to  be  drawn  from  S  to  D  and  F;  the  half 
of  this  angle  is  D  S  C  or  C  S  F,  and  is  called  the  semi-diameter. 

It  is  evident  that  the  semi-diameter  will  be  greater  as  the  body 
is  nearer,  and  smaller  as  it  is  farther  off.  Thus  the  variations  in 
the  semi-diameter  of  the  sun  prove  that  the  distance  between  the 
sun  and  the  earth  varies  at  different  times  of  the  year.     (Table  34.) 

440.  When  the  bodv  8  is  in  the  zenith,  it  is  nearer  to  the  spec- 
tator by  half  the  eartn'^  diameter,  C  B,  than  when  it  is  on  the 
horizon  ;  hence  it  appears  larger  when  in  the  zenith.  This  increase 
of  apparent  dimensions  due  to  increase  of  altitude  is  sensible  in  the 
case  of  the  inoon  only,  and  is  called  her  Augmentation.*  This  is 
given  in  Table  42. 

*  The  apparent  increase  of  the  magnitades  of  the  ran  and  moon  when  near  tiie  horisoB 
b  a  mere  optical  iUusion,  whatever  ezplanation  may  be  giyen  of  it ;  for  the  inatnunenti  bf 
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441.  The  Declination  of  a  celestial  body  is  the  portion  of  tne 
meridian  between  the  equator  and  the  body ;  it  is  reckoned  from  the 
equator,  and  is  either  north  or  south.  Thus,  A  B,  fig.  2,  p.  144,  is 
the  Declin.  of  A,  and  is  north. 

Since  the  declination  is  measared  on  the  celestial  meridians,  these 
are  called  also  declination  circles*. 

442.  Parallels  of  Declination  are  circles  parallel  to  the  equator, 
as  the  dotted  line  through  A,  in  both  figures,  p.  144. 

Thus  declination  is  reckoned  from  the  celestial  equator  as  latitude 
en  the  surface  of  the  earth  is  reckoned  from  the  terrestrial  equator ; 
and  as  both  these  circles  are  in  one  and  the  same  plane,  decimation 
and  terrestrial  latitude  correspond:  that  is,  a  star  in  28^  N.  Dec!, 
passes  every  day  vertically  over  all  places  in  28®  N.  Lat. 

443.  PoLAB  Distance  is  the  arc  of  the  celestial  meridian  between 
a  celestial  body  and  the  pole,  or  the  angular  distance  of  a  body  from 
the  pole.  When  the  Lat.  and  Decl.  are  of  the  same  name,  the  pol. 
dist.  is  the  compL  of  the  Decl.  to  90^,  because  the  distance  from  the 
pole  to  the  equator  is  90^ ;  when  the  lat.  and  decl.  are  of  different 
names,  the  pol.  dist.  is  the  sum  of  the  decl.  and  90^.  Thus  the 
pol.  dist.  of  A  is  PA;  that  of  A'  in  S.  decl.,  fig.  2,  is  P  A^  which 
IS  the  sum  of  90®  and  A'B. 

444.  The  Azimuth  of  a  celestial  body  is  the  angle  at  the  zenith 
contained  between  the  meridian  of  the  place  of  the  spectator  and  the 
circle  of  altitude  passing  through  the  body.  It  is  reckoned  to  begin 
from  that  part  of  the  meridian  which  is  on  the  polar  side  of  the 
zenith,  that  is,  from  the  N.  In  north  latitude ;  thus,  the  angle  P  Z  A 
is  the  azimuth  of  A. 

The  angle  MZA  is  the  supplement  of  the  azimuth  to  180®. 
This  is  often  used  for  convenience ;  thus,  instead  of  N.  132®  £.,  we 
say8.48®E. 

445.  The  angle  NZA  or  PZAis  the  same  thing^  as  an  angle 
N  C  H  on  the  horizontal  plane,  contained  between  the  north  and 
south  line  C  N,  and  a  line  from  the  eye  at  C  to  the  foot  of  the  circle 
of  altitude  H,*  which  is  the  "point  of  the  compass"  on  which  A  is 
seen.  Now  the  angle  NCH  is  measured  by  the  arc  NH;  the 
azimuth,  accordingly,  is  measured  by  the  arc  of  the  horizon  between 
the  meridian  of  the  place  and  the  circle  of  altitude  of  the  body.  The 
ship's  course  is  the  azimuth  of  the  ship's  head  ;  so,  also,  the  bearing 
of  an  object  is  its  azimuth ;  and  difference  of  bearing  is  difference  of 
azimuth. 

When  a  body  is  on  the  prime  vertical,  its  azimuth  is  90®. 
Since  refraction  and  parallax  take  place  vertically,  they  do  not 
affect  the  azimuth  of  a  body.  ^ 

446.  The  Amputudb  is  the  arc  of  the  horizon  between  a  celestial 
body  at  rising  or  setting  and  the  E.  or  W.  point,  and  is  the  com- 

wbidi  the  angles  subtended  by  the  discs  ore  measured  discoTer  no  cfaanae  of  magnitude.  The 
oonateUations,  as  the  Great  Bear,  Orion,  &c.,  appear  in  like  manner,  when  near  the  horison, 
to  ocomy  a  TBst  space  in  the  heavens,  but  when  near  the  lenith  much  less. 

*  lids  cannot  be  'distinctly  represented  to  the  eye  by  figs.  I  and  2,  because  in  fig.  1  the 
points  Z  and  C  coincide,  and  in  fig.  2  the  horison  N  W  S  £  appears  as  a  straight  line. 
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plement  of  the  azimuth ;  thus  E  H  is  the  amplitude  of  a  body  rising 
at  H.  Amplitude  is  reckoned  from  the  E.  or  W. ;  thus,  if  E  H  is 
2r*,  the  amplitude  of  H  is  E.  27®  S. 

(1.)  The  great  refraction  at  the  horizon  affects  sensibly  the  appa- 
rent amplitude.  Thus,  suppose  the  spectator  in  north  lat.  facing  the 
east,  E  Q  part  of  the  equator,  E  Z  part  of  the  prime  vertical.  A'  a 
star  having  north  decl.  then  EA'is  the  apparent  amplitude  at  the 
instant  of  rising ;  but  the  star  is  known  to  be  raised,  that  is,  brought 
into  view,  in  this  case,  by  refraction,  and  therefore  has  not  yet,  in 
its  revolution,  arrived  at  the  horizon  ;  A'  is  consequently  to  the  left 
of  the  place  A,  where  it  would  rise  were  there  no  atmospnere.  Hence 
the  arc  A' A  is  applied  to  the  ri^ht 
of  the  compass-bearing  on  which 
A'  is  observed,  in  order  to  correct 
the  apparent  place  of  the  star  for 
the  effect  of  refraction.  This  quan- 
tity is  riven  in  Table  69  A. 

In  mcin^  the  west  the  line  EQ 
(which  would  become  W  Q)  would 
lie  on  the  other  side  of  the  prime  vertical,  and  the  star  would  be 
seen  to  set  to  the  right  of  its  true  place. 

In  south  lat.  the  ngure  drawn  above  answers  to  setting,  putting 
W.  for  E. 

(2.)  As  the  elevation  of  the  observer  depresses  the  sea-horizon 
while  it  does  not  affect  the  place  of  the  star,  it  produces  a  further 
effect  of  the  same  kind  as  that  of  refraction. 

In  the  case  of  the  moon,  as  her  parallax  exceeds  the  refrac- 
tion, the  opposite  effect  is  produced ;  that  is,  when  she  appears  to 
rise,  she  has  already,  to  an  eye  at  the  centre,  passed  the  rational 
horizon  :  thus  A  would  be  the  apparent  place  of  the  moon  at  rising, 
to  the  right  of  the  true  place  A^. 

447.  The  latitude,  or  distance  of  the  observer  from  the  equator, 
is  measured,  on  the  celestial  sphere,  by  the  distance  of  his  zenith 
from  the  celestial  equator ;  or  i2  M  is  the  measure  of  the  latitude^ 
figs.  p.  144. 

Suppose  now  D,  a  star  of  N.  decl.,  on  the  meridian  at  D.,  then 
M  D  IS  its  decl.  and  Z  D  its  zenith  distance ;  here  Z  M,  the  Lat., 
is  the  9vm  of  the  decl.  and  zen.  dist. 

If  ly  be  a  star  of  S.  decl.,  Z  M  is  the  diff,  of  Z  jy  and  M  IK. 

If  a  star  d  be  between  Z  and  P,  the  lat.  Z  M  is  the  difference  of 
McfandZd. 

448.  When  the  object  is  to  the  south  of  the  observer,  that  is, 
when  his  zenith  is  to  the.  north  of  the  body,  the  zen.  dist.  is  com- 
monly called  N. ;  when  his  zenith  is  to  the  south  of  the  body,  the 
zen.  dist.  is  called  S.  In  fig.  2,  ZD  and  ZD^  are  therefore  called 
North ;  Zdis  called  South. 

It  appears,  hence,  that  when  the  Decl.  and  Zen.  Dist.  are  of  the 
same  name,  their  sum  is  the  latitude ;  when  of  different  names,  their 
difference  is  the  latitude. 

But  when  the  star  is  below  the  pole,  as  at  d',  the  Lat.  Z  M  is 
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the  Diff.  of  M  d'  and  Z  d\  and  M  cT  is  the  sum  of  M  P  and  P  J^ 
or  of  90®,  and  the  coinpl.  of  the  decl. 

449.  M  Z  bein{^  the  lat.,  P  Z  is  the  Colat.,  since  P  M  is  90^. 
Also  Z  N  being  90®,  P  N  is  the  compl.  of  P  Z,  and  therefore  equal 
to  M  Z ;  or  the  elevation  of  the  pole  is  equal  to  the  lat.  of  the 
place. 

450.  The  altitude  of  the  uppermost  point  of  the  equator  on  the 
meridian,  or  MS,  is  equal  to  the  colatitude,  because  ZS  is  90^. 
By  noting  this,  and  also  that  the  equator  passes  through  the  £.  and 
W.  points,  it  is  easy,  in  looking  towards  the  heavens,  to  figure  in 
the  mind,  roughly,  the  position  of  this  circle.     This  is  often  useful. 

451.  In  high  latitudes,  P  in  the  figure  falls  near  Z  ;  in  low  lati- 
tudes, P  falls  near  N.  On  the  equator,  Z  and  M  coincide,  the 
celestial  equator  there  passing  over  the  spectator's  head. 

In  S.  Lat.  the  letters  N  and  S  in  the  figures  are  changed ;  also 
the  direction  of  the  celestial  motions  (whicn  we  in  N.  lat.  consider 
from  left  to  right)  is  there  reversed,  because  in  S.  lat.,  in  looking 
towards  the  equator,  the  £.  is  on  the  right  hand. 

452.  Bjr  the  help  of  the  preceding  considerations  (No.  447  and 
following)  it  is  easy  to  construct  a  ngure,  in  any  case,  to  exhibit 
at  once  the  manner  in  which  the  latitude  is  obtained  from  the  meri- 
dian altitude  and  the  declination. 


Fig  A. 


Fig,  2. 


Fig,Z, 


Ex.  1.    The  Mer.  Alt.  of  the  san,  obeenred  to  the  southward,  U  sS"* ;  his  Ded.  i4*^N. 

Fig.  1.  Draw  a  quadrant  Z  C  S  by  means  of  the  chord  of  6o°  (No.  107).  Lay  off,  by  the 
scale  of  chords,  the  Alt.  S  ©,  58°,  or  the  sen.  dist.  Z  0,  32°.  Lay  off  the  Ded.  14°  to 
the  9ouihward  of  the  sun,  as  0  M,  since  he  is  to  the  northtoard  of  the  equator ;  then  M  is 
on  the  equator,  and  Z  M  is  the  Lat.  nort%,  and  measures  44^. 

Ex.  2.  The  Mer.  Alt.  of  the  sun,  south  of  the  obserrer,  is  29"^;  his  Ded.  iS°  S. 

Fig.  2.  Ly  offS©.  29°,  and  0M,  18°  to  the  N.  of  the  sun;  then  M  is  the  pUoe  of  Uie 
equator,  and  Z  M,  the  Lat.  north,  measures  43®. 

Ex.  3.    The  Mer.  Alt.  of  the  sun,  north  of  the  observer,  is  38** ;  his  Ded.  14°  N. 

Pig.  3.  Lay  off  N0,  the  Mer.  Alt.  38°,  and  0M  the  Decl.  14°  to  the  S.  of  0;  then 
ZM  is  the  Lat.  south,  and  measures  38°. 

These  figures,  which  are  varieties  of  fig.  2,  p.  144,  are  of  the 
simplest  kind.  The  point  Z  being  marked  on  the  quadrant,  the 
place  of  the  sun  at  0,  north  or  south  of  the  observer,  is  given  by 
the  observation  ;  his  declination  ^ives  M  the  place  where  the  equa- 
tor cuts  the  meridian ;  whence  it  is  at  once  seen  whether  Z  is  north 
or  south  of  M,  that  is,  whether  the  Lat.  is  N.  or  8.* 

*  After  a  little  practice  the  observer  will  perceive,  at  the  time  of  observation,  how  to 
dAdnce  the  latitude  from  the  mer.  alt.  and  decl.  independently  of  the  distinctions  of  nam^B 
above  (No.  448),  which  are  adopted  for  the  purpose  of  forming  a  general  rule. 
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453.  The  passage  of  a  celestial  body  over  any  particular  point  or 
circle  is  called  Transit  ;  as  the  transit  of  the  meridian,  or  the  prime 
vertical,  of  a  planet  over  the  sun's  disc,  &c. 

454.  Culmination  is  another  term  for  transit  of  the  meridian. 
The  transit  of  the  meridian  below  the  pole,  whether  above  or  below 
the  spectator's  horizon,  is  called  the  lower  culmination ;  the  other 
transit  is  called  the  upper  culmination. 

455.  Occhltatign  is  the  disappearance  or  hiding  of  a  celestial 
body  by  the  intervention  of  another.  Thus  the  stars  in  the  moon's 
path  are  occulted  by  her,  and  the  satellites  of  a  planet  by  the  body 
of  the  planet. 

456.  EcLiPSB  is  the  disappearance  of  a  celestial  body  in  the 
shadow  of  another.  In  an  eclipse  of  the  moon,  she  disappears 
wholly,  or  partly,  in  the  shadow  of  the  earth,  the  earth  being  then 
in  a  line  between  the  sun  and  moon.  In  an  eclipse  of  the  sun,  the 
moon,  being  then  in  a  line  between  the  sun  and  the  earth,  conceals 
from  us,  for  a  time,  the  whole  or  part  of  the  sun. 

457.  Celestial  bodies  are  said  to  be  in  Conjunction  when  in  a  line 
together,  as  seen  from  the  centre  of  the  earth.  Bodies  having  the 
same  Right  Ascension  are  said  to  be  in  Conjunction  in  Right  Ascen- 
sion (No.  469). 

Two  bodies  are  said  to  be  in  Oppodtion  when  in  diametrically 
opposite  points  of  the  heavens. 

458.  It  will  be  perceived,  on  attending  to  the  circumstance,  that 
stars  which  are  visible  in  the  west  soon  after  sunset,  disappear  after 
some  days  in  the  solar  light;  and,  in  like  manner,  that  stars  which 
are  faintly  seen  in  the  east,  before  sunrise,  become  more  distinct 
from  day  to  day.  Hence  the  sun,  besides  revolving  daily  with  the 
fixed  stars*  from  east  to  west,  has  an  apparent  yearly  motion 
amongst  them  in  the  contrary  direction,  or  jfrom  west  to  east.  com. 
pleting  the  circuit  of  the  heavens  in  the  course  of  a  year. 

459.  The  uath  on  which  the  sun  appears  to  move,  or  the  ^reat 
circle  which  ne  seems  to  describe  in  the  heavens,  is  called  the 
Ecliptic. 

460.  The  ecliptic  is  divided  into  twelve  Signs,  or  portions  of  30^ 
each,  called  the  Signs  of  the  Zodiac,  which  term  originally  meant  a 
space  or  belt  of  8^  wicfe  on  each  side  of  the  ecliptic,  to  which  the 
planetst  are  confined.     The  signs,  taken  in  the  order  in  which  the 

*  Tlie  Stan  are  bodies  which  shine  by  their  own  light,  and  astronomers  conclude,  fit>m 
everj  analogy  yet  detected,  that  they  are  snns.  They  are  called  **  fixed,"  because  to  the 
eye  they  appear  always  in  the  same  relatiye  positions  with  respect  to  each  other.  The 
distance  of  ue  stsrs  is  so  great  that  the  difference  of  angulhr  position,  as  seen  from  opposite 
points  of  the  earth's  orbit,  a  distance  of  a  hundred  and  ninety  millions  of  miles,  has  been 
toond,  in  the  case  of  one  star  only,  to  amount  to  so  large  a  quantity  as  2^,  acoording  to  Mr. 
Henderson's  determination  of  the  parallax  of  a  Centauri.  At  this  star,  therefore,  the  sun, 
whidi  to  us  appears  under  an  angle  of  abore  half  a  degree,  would  subtend  an  angle  of  only 
two  hundredths  of  a  second. 

i*  The  planets  are  bodies  which,  like  the  moon,  shine  by  light  receiTed  from  the  sun  and 
reflected  to  us ;  they  rerolTe  round  the  sun  in  the  same  direction  as  the  earth,  but  in  different 
periods  of  time.  Mereury  (f ,  the  nearest  to  the  sun,  rerolyes  in  88  days ;  Venus  9 1  ^be  next, 
in  22&  days.  These,  moving  in  orbits  inside  that  of  the  Earth,  are  called  inferior  planets. 
Man  ^  rerolvet  in  nearly  2  years;  Jupiter  It ,  in  nearly  12  yean ;  Saturn  Y?,  in  29  years:  and 
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sun  moves  through  them,  that  is,  in  tlie  contrary  direction  to  the 
apparent  diurnal  motion,  are  as  follow: — 

<r  Aries  (the  Ram). 

8  Taurus  (the  Bull). 

n  Gemini  (the  Twins), 

o  Cancer  (the  Crab). 


Si  Leo  (the  Lion). 
m   Virgo  (the  Virgin). 


^  Libra  (the  Balance). 

VI  Scorpio  (the  Scorpion). 

t  Sagittarius  (the  Archer). 

Vf  Capricomus  (the  Goat), 

^r  Aquarius  (Water  Bearer). 

K  Pisces  (the  Fishes). 


461.  Besides  this  perpetual  motion  from  west  to  east,  the  sun 
is  always  changing  his  declination,  which  varies  between  23^  28'  N. 
and  23^  28'  S.  He  crosses  the  equator  twice  in  the  year,  namely, 
about  the  20th  of  March,  in  coming  up  to  us  in  N.  lat.  from  the 
southward,  and  again  about  the  23d  of  Sept.  in  going  to  the  south- 
ward. 

462.  When  the  sun  crosses  the  equator,  he  rises  and  sets  at  six 
o'clock  in  all  parts  of  the  world  ;*  at  these  times,  therefore,  the 
days  and  nights  are  every  where  equal. 

463.  The  two  points  in  which  the  ecliptic,  or  sun's  path,  thus 
cuts  the  equator,  are  called  the  Vernal^  or  spring.  Equinox^  and  the 
Autumnal  Equinox, 

464.  The  sun  attains  his  greatest  N.  decl.  about  June  2l8i,  and 
the  greatest  S.  decl.  about  Dec.  22d.  The  points  at  which  the  sun 
seems  at  these  times  to  be  stationary  in  declination  before  he  dimi* 
nishes  it,  and  at  which  the  ecliptic  and  equator  are  most  widely 
separated,  are  called  the  Summer  and  Winter  Solstices. 

465.  As  the  light  and  heat  received  from  the  sun  at  any  place 
vary  with  his  altitude,  and  the  time  during  which  he  remains  above 
the  horizon,  and  as  both  of  these  depend  on  the  declination,  the 
succession  of  seasons  depends  on  the  changes  of  the  declination  of 
the  sun.  The  common  or  civil  year,  as  most  convenient  for  the 
affairs  of  life,  includes  the  succession  of  the  seasons.  It  is,  therefore, 
the  interval  in  which  the  sun  leaves  any  parallel  of  declination  and 
returns  to  it  arain,  and  is  called  a  tropical  year.  Its  length,  that 
is,  the  average  length  of  a  number  of  such  years,  is  365^  5**  48"*  51**6, 
of  common  or  mean  time.i* 

Henchel  ]p ,  in  82  years.  These  last  are  called  wperior  planets.  Some  of  the  planets  have 
satellites,  or  moons:  Jupiter  has  four,  Saturn  seven,  and  Herschel  six.  Besides  these 
there  are  four  very  small  bodies,  or  planets,  called  Juno,  Ceres,  PaUas,  and  Vesta. 
The  reader  will  find  these  subjects  treated  at  length,  and  with  great  interest,  in  Sir  John 
F.  W.  Herschel's  <«  Astronomy." 

More  recently,  a  very  large  planet,  considerably  Jbeyond  Uranus,  has  been  discovered, 
and  named  Neptune,  as  also  five  very  small  planets,  named  Astnea,  Flora,  Hebe,  Iris,  and 
Metis. 

*  The  observed  times  differ  a  little  from  6^  on  account  of  refraction,  No.  446. 

t  If  the  tropical  year  contained  exactly  365  days,  the  arrangement  of  the  calendar  wonld 
be  perfectly  simple ;  but  the  necessity  of  counting  by  entire  days  in  the  affairs  of  life  has 
introduced  arbitrary  expedients  for  checking  the  errors  accumulatMl  firom  time  to  time,  from 
neglecting  the  excess  over  the  last  complete  day.  For  example,  suppose  the  year  ends  at 
midnight  on  Thursday,  then  new  year's  day  begins  at  the  same  instant,  that  is,  at  0^  on 
Friday  morning,  while  the  old  year  is  really  not  yet  out  by  nearly  6  hours.  Next  year  6 
hours  more  of  the  new  year  will  be  anticipated,  that  is,  new  year's  day  will  be  reckoned 
12  hours  too  soon ;  so  that  at  the  end  of  4  years  the  beginning  of  the  new  year  b  anti- 
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The  period  of  the  comiuencement  of  the  year,  ivhicb  has  been 
adopted  differently  at  different  times,  is  at  present  (as  established  in 
this  country  by  act  of  parliament)  on  January  Ist,  which  is  about  11 
days  after  the  winter  solstice. 

466.  Since  it  is  summer  on  that  side  of  the  eauator  on  which  the 
sun  is,  and  winter  on  that  on  which  he  is  not,  tne  seasons  in  south 
latitude  are  reversed. 

467.  In  the  continual  apparent  revolution  of  the  heavens  round 
the  earth,  the  circles  of  declination  are  perpetually  describing  angles 
^ound  the  ))oles,  which  are  called,  from  the  division  of  time  mto 

hoars,  Houb-Angles. 

468.  An  hour-angle,  or  horary  angle  (sometimes  called  also  Me- 
ridian Distance),  is  the  angle  at  the  pole  contained  between  the 
meridian  of  the  place  and  the  celestial  tkieridian  passing  through  the 
body ;  thus,  Z  P  A  is  the  hour-angle  of  A  (figs.  p.  144).  An  hour- 
angle  is  measured  by  the  arc  of  the  equator  contained  between  tb^ 
meridian  of  the  place  and  that  of  the  body ;  thus  M  B,  fig.  2, 
measures  ZPA. 

The  bour-angle  is  thus  measured  on  the  celestial  equator  in  the 
same  way  as  longitude  is  measured  on  the  terrestrial  equator. 

469.  The  Right  Ascbnsion  of  a  celestial  body  is  the  arc  of  the 
equator  included  between  the  first  point  of  Aries  and  the  celestial 
meridian  of  the  body :  it  is  reckoned  from  west  to  east.  Thus,  if  «r 
be  the  first  point  of  Ariesy  fig.  1,  p.  154,  the  arc  ^r  M  B  is  the  Right 
Ascension  of  the  body  A.  The  360^  of  the  celestial  equator  are 
divided  into  24";  of  R.A. 

Thus  R.A.  is  reckoned  on 'the  celestial  equator  exactly  as  the 
longitude  of  places  on  the  earth  is  reckoned  on  the  terrestrial 
equator.  But  as  the  stars  do  not  preserve  that  constant  position 
with  respect  to  the  meridians  whicn  they  do  with  respect  to  the 
eonator,  there  is  not  that  correspondence  between  R.A.  and  longitude 
wnich  there  is  between  declination  and  latitude. 

470.  The  apparent  revolution  of  the  stars  is  perfectly  regular, 
and  is  the  only  motion  of  the  kind  known. 

One  revolution  of  the  earth  round  its  axis,  or,  which  is  the  same 
thing,  the  return  of  the  same  fixed  star  to  the  meridian  after  com- 
pleting the  circle,  constitutes  a  sidereal  day;  this  day  consists  of 
23^  b&^  4t*  of  common  or  mean  time,  as  measured  by  clocks  and 
watches.  It  is  divided  into  24  hours,  called  sidereal  hours,  and  these 
into  sidereal  minutes  and  seconds.    Thus  a  sidereal  day  is  about  10^ 

cipated  by  a  whole  day.  By  adding  1  day  to  the  fourth  year  thit  error  is  remored,  and  the 
cmnmcnoanent  of  the  calendar  year  is  carried  hack  to  its  true  place  nearly.  Bat  the  excess 
above  3S5^  does  not  amount  to  6^  by  11°*  8*  nearly ;  hence  at  the  end  of  the  fourth  year  an 
error  of  the  eontraiy  kind  is  introduced  of  44"  32",  which  amounts  to  nearly  3  d^s  in  4 
oentnries  This  error  led  to  the  reformation  of  the  calendar  by  Pope  Gregory  XIII.,  in 
15S2,  when  the  Temal  equinox,  which  at  the  Council  of  Nice,  in  325,  had  taken  pUce  on 
the  21st  March,  feU  on  the  lltii.  Hence,  leaving  lo  days  out  of  the  calendar,  which  was 
tsffected  by  caDhig  the  4th  of  October,  1582,  the  15th,  brought  matters  right  again.  The 
error  had  amounted  to  11  days  when  the  change  was  adopted  in  this  country  in  1751. 

Tint  errDT  is  prevented  for  a  long  period  in  ftiture  by  the  act  24  Geo.  II.,  which  directs 
tfks  leap-yean  1800,  1900,  2100,  and  so  on,  to  be  considered  as  common  years,  and  2000, 
S400,  2800  w  leap-years. 
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an  hour  shorter  than  a  common  or  mean  day;  and  the  sidereal 
hours,  minutes,  and  seconds,  in  the  same  proportion. 

The  sidereal  day  being  thus,  in  round  numbers,  4*°  shorter  that 
the  mean  day,  a  star  that  passed  the  meridian  last  night  at  9  p.m 
will  pass  this  ev^ening  at  8^  56"*,  and  so  on,  till  after  a  few  months  it 
will  pass  at  noon.     (See  Table  27.) 

471.  Sidereal  Time  begins  (that  is,  a  sidereal  clock,  regulated 
to  sidereal  time,  shews  0**  0*°  0")  when  the  first  point  of  Aries  is  on 
the  meridian,  and  is  counted  throaeh  24  hours,  till  the  same  pointy 
returns  again ;  the  hour-angle  of  this  point  is  accordingly  sidereal 
time. 

The  hour-angle  of  the  first  point  of  Aries  is  the  right  ascension 
of  the  meridian,  No.  469,  which  is  accordingly  sidereal  time.  Dif- 
ference of  R.A.  may,  in  like  manner,  be  considered  as  a  portion  of 
sidereal  time. 

472.  P  is  the  pole,  the  circle  N  W  M  E 
the  celestial  equator,  to  which  the  mea- 
sures of  all  hour-angles  are  referred. 
The  bent  arrow  shews  the  direction  of 
the  apparent  diurnal  motion  of  the  ce- 
lestial bodied,  reckoned  from  east  to 
west  supposing  the  spectator  to  face  the 
south.     M  N  is  the  observer's  meridian. 

A  is  any  celestial  body,  as  a  star, 
which  has  passed  the  meridian  at  M, 
then  APM  is  the  hour-angle  of  A,  of 
which  the  arc  A  M  is  the  measure.  " 

(1.)  B  is  a  star  to  the  eastward  of  the  meridian,  which  it  has 
passed  at  N ;  its  hour-angle,  reckoned  westwards,  is  measured  by 
MWNB.  We  may,  however,  employ  also  BM,  the  measure  of  the 
hour-angle  reckoned  eastwards.  Thus,  instead  of  M*"  11"  W.  we 
may  call  it  9**  49"  E.  As  in  dealing  with  hour-angles  we  refer  di- 
rectly to  the  number  of  hours  which  they  contain,  and  which  are 
measured  on  the  equator,  it  is  unnecessary  to  form  the  hour-angle  of 
B  by  joining  B  and  the  pole. 

(2.)  Let  the  first  point  or  beginning  of  Aries  be  at  v,  having 
passed  the  meridian  before  the  star  A ;  then  t  M  is  the  right  ascen- 
sion of  the  meridian,  that  is,  sidereal  time.  The  R.  A.  of  A  is  tA  ; 
that  of  B  is  tMB,  reckoned  always  from  west  to  east,  or  opposite 
to  the  diurnal  motion ;  and  <v>  N  B  is  the  supplement  of  the  K.  A.  of 
B  to  24  hours. 

(3.)  The  sidereal  time  t  M  is  the  sum  of  the  arcs  <r  A  and  A  M, 
that  is,  of  the  hour-angle  and  R.A.  of  the  star  A.  Again,  crM  is 
the  difference  between  the  arcs  aM  and  a^r^  that  is,  oetween  the 
hour-angle  of  the  star  a  and  the  supplement  of  its  R.A.  In  the  case 
of  the  star  B,  the  sid.  time  is  the  difference  between  its  R.A.  tMB, 
and  its  hour-angle  M  B. 

Hence  it  is  easy,  when  the  hour-angle  of  a  star  of  known  R.  A.  is 
given,  at  any  instant  of  time,  to  construct  the  figure  to  shew  the 
sidereal  time,  thus: — Having  drawn  a  circle,  with  the  meridian,  lajr 
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off,  by  a  scale  of  chords,  the  star's  liour-angle ;  the  position  of  the 
star  being  now  given,  lay  off  its  R. A.,  reckoning  from  the  star  in  the 
same  directum  as  the  apparent  diurnal  motion  (for  thus  the  R.A. 
reckoned  back  again  from  this  point  ^r  will  agree  with  the  place  of 
the  star).  This  gives  the  place  of  t  ,  tlie  hour-angle  of  whicn,  reck- 
oned westward,  is  the  sid.  time  required.* 

Ex.  1.     The  hour-angle  of  a  star  ia  z^  iS"  W. ;  its  R.A.  3^  47". 

Lay  oflf  2*  a8«,  or  37**,  to  the  W.  of  M,  and  3»»  47",  or  56*»  45*,  ftnibHr  on  towards  the 
west :  then  the  aid.  time  measures  93^  45^,  or  6^  i5", 

Ex.  2.     The  hour-angle  of  the  moon  is  9i>  i3>"  W. ;  her  R.A.  18^  34*. 

Lay  off  6^,  or  90®  (No.  107),  and  ^^  i'^^,  or  48^  15',  from  M,  westwards.    Ilien  ky  off 
3  times  6^y  or  90®,  and  34",  or  %°  2^',  farther :  the  sid.  time  measniet  56®  45',  or  3^  47*. 

Ex.  3.     The  honr-angle  of  a  star  is  14^  iz»  W.,  or  g^  49"  E. ;  its  R.A.  5^  si*. 
Hie  md.  time  is  19^  3i'". 

All  hour-angles,  which  are  differences  of  R.A.  of  the  meridian 
and  a  celestial  body,  may  be  considered  as  portions  of  sidereal  time. 
The  interval  of  time  in  which  a  body  of  variable  R.A.  describes  an 
hour-angle  depends  on  the  rate  at  which  its  R.A.  changes. 

473.  The  earth's  motion  round  its  axis  being  perfectly  uniform, 
becomes  the  real  standard  of  uniform  measures  of  time ;  but  as  any 
Ftar  passes  the  meridian  nearly  4*"  earlier  every  night,  the  beginning 
of  the  sidereal  day  has  no  connexion  with  that  of  the  common  or  civil 
day,  as  determined  by  light  and  darkness. 

474.  The  hour-angle  ofthe  sun,  reckoning  always  westward  from 
the  meridian,  is  Apparent  Time.  Thus,  when  the  sun's  meridian 
has  passed  over  48^  of  the  celestial  equator  to  the  westward  of  the 
meridian  of  the  place,  it  is  said  to  be  3"  12*°  apparent  time.  This  is 
the  time  shewn  by  the  sun-dial. 

475.  The  interval  between  the  sun's  passing  the  meridian  on  one 
day  and  the  next,  or  the  apparent  solar  day,  is  not  always  of  the  same 
length,  the  difference  being  sometimes  half  a  minute  between  one 
day  and  the  next.  Apparent  time  serves  well  enough  in  cases  where 
this  irregularity  does  not  appear,  or  is  of  no  importance ;  as  for  ex- 
ample at  sea,  where,  from  the  continual  change  of  longitude,  the  time 
must  be  obtained  bv  observation :  but  where  account  of  the  time  is 
to  be  kept  by  mechanism  alone,  it  must  necessarily  be  divided  into 
portions  of  invariable  length. 

The  time  for  general  use  must,  accordingly,  unite  the  two  advan- 
tages of  being  regulated  by  the  sun,  and  of  being  perfectly  uniform. 
The  mean  or  average  day  of  24  hours  must  therefore  be  an  average 
taken  of  all  the  days  in  the  year,  that  is,  such  a  day  as  the  sun  would 
regulate  if  he  moved  uniformly  in  R.A.     This  average  day  is  called 

*  In  the  qnesdons  whidi  this  figure  iUostrates,  motion  round  the  pole  only  is  consi- 
dered ;  sboe,  uerefore,  the  place  of  a  celestial  body  on  its  meridian  is  unconnected  with  the 
nodoQ  of  the  meridian  itwlf  round  the  pole,  no  rsf^Brd  is  had  to  declination. 

As  the  spectator  will  naturally  refer  the  hour-angle  of  a  star  to  the  elevated  pole  of  the 
{hee,  in  Boura  latitude  the  figure  will  appear  reversed,  since  the  diurnal  motion  there  appeam 
■ron  right  to  left  in  facing  the  equator.  The  figure,  however,  may  be  drawn  in  that  manner 
which  may  appear  the  clearest,  the  only  point  essential  to  be  kept  in  view,  being  that  the 
R*A.  if  reckoned  the  opposite  way  to  the  apparent  diurnal  motion. 
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the  mean  solar  day^  and  time  thus  regulated  is  called  mean  solar  timCj 
or  Mean  Timb,  wliich  is  that  shewn  by  clocks  and  watches. 

476.  The  sun  being  generally  either  behind  or  in  advance  of  tho 
position  which  he  would  have  occupied  if  he  had  moved  uniformly, 
mean  time  is  in  general  either  fast  or  slow,  on  apparent  time.  The 
correction  for  this  irregularity,  that  is,  the  difierence  between  the 
sun-dial  and  the  mean  solar  clock,  is  called  the  Equation  of  Tii£e. 
Mean  time  is,  therefore,  deduced  from  apparent  time,  by  applying 
the  equation  of  time.  See  the  Nautical  Almanac,  p.  I.  or  ll.,  or 
Table  62. 

477.  The  Sidbrbal  Time  at  Mean  Noon  is  the  right  ascension 
of  the  meridian  at  the  instant  when  the  sun,  if  he  moved  uniformly, 
would  be  on  it. 

It  is  evident  that  this  element,  from  its  nature,  varies  uniformly  ; 
now,  since  the  sun's  R.A.  varies  irregularly,  and  since  the  equation 
of  time,  which  is  the  correction  that  removes  this  irregularity,  must 
also  vary  irregularly,  it  follows  that  the  unequal  variations  of  the 
equation  of  time  and  the  sun's  R.A.  are  togetner  equivalent  to  the 
single  and  uniform  variation  of  the  sid.  time  at  mean  noon ;  and 
herein  consists  the  great  convenience  of  employing  the  sidereal  time 
at  mean  noon,  which  has  been  given  in  the  Nautical  Almanac 
only  since  1834.* 

478.  (1.)  Let  0  DC  the  place  of  the 
sun,  at  about  4  p.m.,  m  the  place  where  he 
would  be  if  he  always  moved  uniformly ; 
then  ©M  is  apparent  time  (No.  474), 
m  M  is  mean  time,  and  m  ©  is  the  equa- 
tion of  time.  The  equation  is  here  ad- 
ditive to  app.  time,  as  is  the  case  from 
January  to  March,  and  from  July  to 
August.     (See  Table  62. ) 

(2.)  Let  nr  be  the  first  point  of  Aries ; 
then,  while  the  sun  and  <r  revolve,  the 
sun  moves  contrary  to  the  diurnal  rota- 
tion, or  is  always  increasing  his  R.A,,  or  the  arc  tNq,  by  nearly 
1®  a-da^.  The  complete  revolution  of  v  constitutes  a  sidereal  day ; 
that  of  ©,  an  apparent  solar  day ;  and  that  of  m,  a  mean  solar 
day. 

After  24  sidereal  hours  the  sun  has  still  to  describe  about  1®,  or 
one  360th  part  of  the  circle  to  complete  it ;  the  time  necessary  for 
which  is  about  one  360th  of  24  sidereal  hours,  or  4  sidereal  minutes. 
Thus  the  solar  day  is  longer  than  the  sidereal  day  by  about  4". 
The  mean  solar  day  being  divided  into  24  hours,  the  sidereal  day  is 
23'*  66"  4»  of  such  a  day. 

(3.)  When  m  is  on  the  meridian  at  M,  the  arc  M  m  t  ,  or  the 


♦  Thi»  element,  which  li  the  R.A.  of  a  mean,  or  imaginarj  son,  U  a  very  different  thin"" 
ftfom  the  R.A.  of  the  ton  a/  mean  noon,  with  which  it  has  been  confounded :  the  latter  can 
differ  only  a  few  aeoonda  from  the  R.  A.  0  at  apparvni  noon,  but  may  differ  from  the  Sidereal 
nm*  ai  mean  noon  by  the  whole  amount  of  the  equation  of  time,  or  sixteen  minutes. 
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ton's  mean  R.A.,  is  the  sidereal  time  at  mean  noon.  When  m  has 
arriYed  at  m  in  the  figure,  this  quantity  has  changed  by  an  amount 
proportional  to  the  mean  time  mm. 

The  0  moves  sometimes  more  quickly,  at  others  more  slowly ; 
the  point  m  (which  is  merely  an  imaginary  situation  of  ©,  deduced 
by  calculation,  from  knowing  the  limits  within  which  the  irregu- 
larities of  its  motion  are  confined)  moves  equably.  Hence  m  0,  tiie 
difierence  of  these  two,  changes  unequally. 

(4.)  By  No.  472  (3)  the  sidereal  time,  or  place  of  the  pomt  <r ,  is 
obtained  from  the  hour-angle  of  any  celestial  body.  By  applying  to 
the  place  of  <r  the  sid.  time  at  mean  noon,  we  obtain  the  place  of  nt, 
or  mean  time. 

Thus  Mean  Time  is  found  from  the  hour-angle  of  a  star. 

479.  Since  the  sun  t»  passes  over  16^  of  the  circle  in  one  mean 
hour,  he  arrives  at  the  meridian  of  a  place  15^  west  of  NM  one  hour 
after  he  has  passed  N  M,  that  is,  at  one  o'clock  of  the  time  at  any 

Clace,  or  all  places,  of  which  N  M  is  the  meridian.  In  like  manner 
e  passes  a  meridian  15^  east  of  M  one  hour  before  he  arrives  at  M, 
that  is,  when  the  time  on  M  is  11  o'clock  in  the  forenoon,  or  23  hours 
after  the  noon  of  the  day  before. 

Thus  the  beginning  of  the  day,  and  therefore  the  hour  or  time  of 
the  day,  at  one  place  differs  from  that  of  another  place  by  the  dif- 
ference of  longitude  of  the  places;  the  time  at  the  easternmost  of  the 
two  being  in  advance  of,  that  is,  greater  than,  the  time  at  the  other. 
Hence  when  the  times  proper  to  two  places  at  the  same  instant  are 
known,  their  diff.  long,  is  determined,  or  the  relative  positions  of 
their  meridians.* 

480.  The  Civil  Day  is  dated  from  midnight,  and  the  twelve 
hours  are  computed  twice  over;  the  Astronomical  Day  is  dated 
from  noon,  and  runs  through  the  twenty-four  hours. 

Ei.  1.    October  3d,  3^  18"  p.m.,  ciTil  time,  is  the  aame  astronomical  dme. 

Ex.  2.  January  3d,  4^  15*  a.m.  dTil  time,  ia  reckoned  Jtmvuuj  id,  x6^  25">  astronomical 
time. 

Ex.  3.    April  ist,  IX  A.M.  18,  astronomioally,  March  3X8t,  23  hoiin. 

481*  The  Gbbbnwich  Datb  is  the  time  at  Greenwich  corre- 
sponding to  any  given  time  elsewhere.f 

*  Hie  diff.  kmg.  is  fbond  as  weU  by  means  of  the  motion  of  a  star  as  of  the  sun,  that  is, 
hy  means  of  a  dock  or  dnmometer  regulated  to  sidereal  time,  as  well  as  by  one  regulated  to 
Mean  time.  For  although  the  absolute  interval  of  time  employed  by  a  star  in  moving  from 
ene  meridian  to  the  o&r  is  less  than  that  employed  by  tiie  sun,  yet  it  is  divided  into  the 
MBe  number  of  hours,  minutes,  and  seconds,  but  which  are  of  smaller  magnitude  and  thus 
tftt  difference  of  time  results,  in  numbers,  the  same. 

t  Here  terminatea  all  requisite  description  of  the  terms  used  in  the  rules  in' the  present 
^olane.  Hie  otiier  terms  which  occur  in  the  Nautical  Almanac  wiU  be  described  in  the 
Theory. 

In  this  diapter  we  have  sometimes  spoken  of  the  earth  as  fixed  and  the  heavens  aa 
Bovable,  although  tiiis  is  contrary  to  fact,  because  the  appearances  alone  ftimish  us  with  the 
■eMurei  of  time,  without  any  regard  to  tiie  actual  state  of  things. 

Again,  we  have  considered  the  earth  as  a  sphere  instead  of  a  spheroid  (No.  180).  The 
^BBwquenoes  of  the  obUteness,  in  an  astronomical  point  of  view,  are  that  the  planes  of  the 
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482.  It  will  be  found  a  useful  exercise  of  what  has  preceded  U> 
verify  the  following  remarks:  — 

(1.)  No  star  of  which  the  pol.  dist.  is  less  than  the  lat.  can  set ; 
and  no  star  of  which  the  pol.  dist.  exceeds  90^  plus  the  colat.  (SM, 
6g.  p.  144)  can  be  visible. 

(2.)  When  the  pol.  dist.  is  less  than  the  lat.  the  star  passes  the 
meridian  both  above  and  below  the  pole. 

(3.)  When  the  pol.  dist.  is  less  than  the  colat.  the  star  passes  the 
meridian  between  the  zenith  and  the  pole,  and  does  not  pass  the 
prime  vertical. 

(4.)  When  the  declin.  is  0,  or  the  pol.  dist.  90^,  the  body  rises 
and  sets  in  the  E.  and  W.  points.  The  hour-angle  at  rising  and 
setting  is  G\  and  the  body  is  seen  raised  on  the  prime  vertical  by  the 
effect  of  refraction ;  unless  it  is  the  moon,  which,  from  her  parallax 
being  greater  than  her  refraction^  is  not  seen  at  the  precise  time  of 
her  rising  and  setting. 

The  object  is  above  the  horizon  for  12  hours,  and  12  hours 
below  it. 

In  this  case  the  amplitude  is  0,  except  from  the  effect  of 
refraction. 

(5.)  When  the  pol.  dist.  exceeds  90*,  the  celestial  body  rises  and 
sets  on  that  side  of  the  E.  and  W.  points  which  is  farthest  from  the 
elevated  pole;  the  hour-angle  at  rising  and  setting  is  less  than  6**: 
the  time  during  which  the  body  is  above  the  horizon  is  less  than 
12  hours,  while  it  is  more  than  12  hours  below  the  horizon.  The 
body  does  not  pass  the  prime  vertical  above  the  horizon ;  and  the 
amplitude  is  reckoned  towards  the  S.  in  N.  lat.,  and  towards  the  N. 
in  S.  lat. 

(6.)  When  the  pol.  dist.  is  less  than  90^,  the  celestial  body  rises 
and  sets  on  the  same  side  of  the  E.  and  W.  points  as  the  elevated 
Dole ;  the  hour-angle  at  rising  and  setting  is  greater  than  6**.  The 
body  is  more  than  f?  Lours  above  the  horizon,  and  less  than  12  hours 
below  it.  The  amplitude  is  reckoned  towards  the  N.  in  N.  Lat.,  and 
towards  the  S.  in  S  Lat. ;  the  body  passes  the  prime  vertical  twice 
The  hour-angle  at  the  passage  of  the  prime  vertical  is  less  than  6^. 
(See  Table  29.) 

(7.)  A  star  having  a  certain  declination  always  rises  and  sets  in 
the  same  points,  and  passes  the  meridian  and  prime  vertical,  or  any 
other  circle  of  altitude  at  the  same  altitude,  without  regard  to  its 
R.A. 


circles  of  altitude  (ezoeptinff  the  meriilian)  du  not  pass  through  the  centrey  and  that  the 
length  of  the  radinsi  or  line  arawn  from  the  centre  to  the  place  of  the  obsenrer,  is  different  in 
different  latitudes.  The  first  of  these  conditions  produces  no  sensible  effect  in  practice,  beoanae 
the  Time  is  not  affected  by  it,  and  the  same  Latitude  (though  differing  from  the  latitude  on  a 
sphere  by  the  quantity  in  TMd  52)  results  alike  from  aU  observations,  of  whatever  kind,  of 
a  body  not  afibrted  by  parallax, — and  thus  the  oblateness,  however  great,  would  always  be 
neglected  in  determining  a  place  by  observation  of  the  stars  or  the  sun.  By  the  second 
condition  the  parallax  of  the  moon  is  affected,  and  a  further  correction  of  her  apparent  place 
becomes  necessary. 

We  have  also  described  the  first  point  of  qp  as  fixed,  whereas  it  has  a  very  slow  motiaa* 
The  stars,  also,  though  called  fixed,  nave  slow  proper  motions.  These  and  other  points  not 
necessary  to  our  present  subject  will  be  treated  more  at  laige  in  the  Theory, 
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(8.)  Ab  the  place  o  f  a  star  or  any  celestial  body  is  determined  by 
its  R.  A.  and  Decl.,  and  as,  at  the  place  of  the  spectator,  the  posi- 
tion of  the  celestial  eqnator,  to  which  both  these  are  referred,  is 
fixed,  it  is  easy  to  know  whereabout  any  star  is  to  be  looked  for  at 
any  time.  When,  as  is  commonly  the  case,  the  time  (mean  or  appa- 
rent) is  given,  the  sun's  hour-angle  is  known ;  and  therefore,  when 
he  is  invisible,  his  place  on  the  equator  may  be  estimated.  By  means 
of  the  sun*s  place,  and  his  R.  A.,  the  place  of  the  first  point  of  Aries 
may  be  estimated ;  then  the  star's  R.  A.  gives  the  place  of  its  meri- 
dian on  the  equator,  and  its  declination  the  place  of  the  star  with 
respect  to  the  equator.  When  the  sidereal  time  is  given,  the  place 
of  the  first  point  of  t  is  at  once  known,  just  as  tne  place  of  the 
sun  is  known  from  the  apparent  time.* 


*  Tike  pontion  of  the  equator,  and  the  relationa  among  the  Latitude  of  the  place,  the 
Time,  and  the  Honr-angle,  Altitude,  and  Azimuth  of  a  celestiBl  hodv,  are  best  illustrated 
br  a  celestial  globe.  The  broad  horizontal  rim  represents  the  Rational  Horizon  (No.  420  (1)). 
The  brass  meridian  of  the  globe  being  laid  N.  and  S.,  and  the  Pole  elevated,  by  the  degrees 
marked  on  it,  to  the  latitu&  (No.  448),  the  globe  represents  the  celestial  sphere  as  shewn  in 
figs.  1,  2,  p.  isO.  The  position  of  the  sun  is  found  oj  marking  the  sun  in  his  place  in  R.  A. 
and  Ded.,  by  the  help  of  the  divisions  on  the  globe,  and  then  setting  the  sun  at  his  proper 
hour-angle  by  means  of  the  hour-drde  near  the  pole.  The  Alt.  or  Zen.  Dist.  is  measured 
by  a  graduated  slip  of  brass,  or  by  a  thread,  as  m  the  note,  p.  144.  It  is  unnecessary  to 
enter  further  into  details,  as  the  reader  who  well  understands  the  definitions  above  will 
find  no  difficulty  in  solving  any  useful  "problem  on  the  globe"  which  can  be  proposed, 
without  burdening  his  memory  with  tedmical  rules. 

In  the  absence  of  a  globe,  distinct  ideas  may  be  obtained  of  the  actual  positions  of 
the  cdestial  bodies  by  a  circular  card,  as  a  compass-card,  having  the  hours  marked  on  the 
edge,  and  an  axis,  as  a  pendl,  put  through  the  centre  perpendicular  to  the  card.  If  this  axis 
be  laid  N.  and  S.,  and  the  north  end  (in  north  lat.)  raised  up  till  it  is  inclined  to  the 
horizon  at  an  angle  equal  to  the  latitude,  it  will  represent  the  polar  axis  round  which  the 
celestial  bodies  revolve,  the  card  representing  the  equator.  The  0^  being  brought  up  to  the 
meridian,  the  hour  of  the  day  at  the  edge  will  shew  the  place  of  the  sun's  meridian  at  the 
time.  If  the  0**  be  made  the  first  point  of  T,  the  hours  become  hours  of  R.A. ;  if,  then, 
the  0  be  marked  on  the  edge,  on  its  proper  R.A.,  and  then  turned  round  to  the  position 
proper  to  the  hour  of  the  day,  the  place  of  the  first  point  of  T  is  seen. 

Suppose,  now,  a  small  telescope  were  placed  on  the  axis  making  an  angle  with  the 
plane  of  the  equator,  or  the  card,  equal  to  the  declination  of  some  star,  then,  while  this 
star  revolves  parallel  to  the  equator,  the  telescope,  kept  at  the  same  angle,  could  at  any 
tiine  be  directed  towards  the  star  by  merdy  turning  the  axis  round  A  large  instrument  is 
eoDStracted  on  this  prindple,  and  is  called  an  BquaioreaU 
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Instruments  of  Nautical  Astronomy. 

I.  Th£  Reflecting  Instruments. 
II.  The  ABTiprciAL  Horizon.     III.  The  CHRONOMRTfiH. 

I.  The  Reflecting  Instruments. 

483.  These  are  instrument?  for  measuring  angles  between  two 
objects,  by  bringing  the  reflected  image  of  one  of  them  to  coincide 
with  the  other  seen  directly.  They  are  necessary  for  observing  alti- 
tudes of  the  heavenly  bodies  at  sea^  where  the  spectator  has  no  fixed 

i>oint  of  reference  except  in  the  horizon.     On  shore,  and  often  on  a 
ield  of  ice,  the  fixed  point  required  in  observing  altitudes  is  obtained 
by  means  of  the  artificial  horizon. 

484.  The  instruments  of  this  class  which  are  in  most  common 
use  are  the  quadrant,  sextant,  and  reflecting-circle.  For  conve- 
nience, we  shall  describe  the  adjustments  generally  under  the  two 
former ;  and  as  every  person  in  possession  of  an  instrument  will  be 
instructed  by  the  maker  or  some  expert  person  in  the  names  of  the 
different  parts,  and  also  in  the  mode  of  handling  it,  and  packing  it 
in  the  case  without  danger  of  distortion,  we  shall  confine  ourselves 
merely  to  matters  of  general  reference. 

1.   The  Quadrant  and  Sextant. 

485.  The  quadrant  contains  an  arc  of  more  than  45^,  and  mea- 
sures a  few  degrees  more  than  QO^;**  it  is  usually  made  of  wood, 
and  the  graduated  arc,  which  is  ivory,  reads  to  minutes,  and  some- 
times to  3(y'.  The  sextant  measures  a  few  degrees  more  than  120^ ; 
it  is  made  of  brass,  and  sometimes  reads  to  I(K'.  The  quadrant 
serves  for  common  purposes  at  sea,  but  the  sextant  is  required  for 
taking  a  lunar  observation. 

The  observer  should  be  in  the  habit  of  employing  good  instru- 
ments of  their  kind,  as  inferior  instruments  naturally  induce  careless 
and  imperfect  observation. 

486.  The  sextant  made  of  a  very  small  size,  and  thence  called  the 
Pocket  Sextant,  is  adapted  to  the  use  of  surveyors,  travellers,  and 
others,  on  occasions  in  which  minute  accuracy  is  not  necessary. 

*  This  depends  on  the  properties  of  lifht,  which  will  be  considered  in  the  "  Theory." 
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[1.]  Manner  (^  Utmg, 

487.  To  take  the  sun's  altitude  at  sea*  Set  the  index  at  0,  put 
down  a  screen  before  the  central  mirror,  hold  the  instrument  in  a 
vertical  position,  and  direct  the  sight,  through  the  sight-vane  and 
horizon-glass,  to  that  part  of  the  horizon  which  is  exactly  under  the 
sun.  Now  move  the  index  on  with  the  left  hand,  and  the  image  of 
the  sun  will  appear  to  descend  towards  the  horizon.  Vibrate  the 
instrument  round  the  line  of  sight,  and  make  the  lower  limb  touch 
the  horizon :  this  gives  the  observed  altitude  of  the  lower  limb, 

488.  This  last  altitude  is  sometimes  near  enough ;  but  for  accu- 
racy, having  made  a.  rough  contact  as  above,  put  in  the  telescope, 
previously  set  to  distinct  vision  by  looking  through  it  at  the  horizon; 
the  image  being  now  magnified,  the  contact  is  made  more  correctly. 
In  general  the  telescope  should  not  be  fixed  till  a  rough  contact  has 
been  made,  because  it  narrows  the  field  of  view,  and  increases  the 
difficulty  of  bringing  the  images  together. 

The  contact  must  be  made  in  the  centre  of  the  field  :  if  it  is  too 
near  the  plane  of  the  instrument,  or  too  far  from  it,  the  angle  will 
be  too  great  by  the  quantity  in  Table  64.* 

489.  When  there  is  a  tangent-screw,  clamp  the  index,  and  make 
the  contact  perfect  by  turning  the  screw, — some  further  remarks  on 
i?hich  will  be  ra'ade  in  the  proper  places. 

The  tangent-screw  should  be  kept  nearly  middled  when  not  in 
use. 

490.  To  take  the  altitude  of  a  star.  Set  the  index  to  0,  direct 
the  sight  to  the  star,  hold  the  instrument  vertically,  and  move  the 
index  onwards :  the  image  of  the  star  will  be  seen  to  descend.  This 
method  is  proper  to  avoid  bringing  down  the  wrong  star,  but  should 
not  be  practised  with  the  sun,  as  it  exposes  the  eye  to  an  intense 
light,  wnich  may  derange  it  for  the  whole  observation. 

491.  The  shades,  or  coloured  glasses,  placed  before  the  two 
mirrors,  tend  to  equalise  the  brightness  of  the  object  and  the  image, 
and  sometimes  distinguish  one  from  the  other  bv  the  difference  oi 
colour.  The  shades  require  to  be  particularly  well  ground,  because, 
if  the  surfaces  are  not  strictly  parallel,  the  rays  in  passing  through 
the  glass  are  turned  out  of  their  former  direction :  hence,  when  a 
defective  shade  is  placed  before  each  of  the  mirrors,  the  angle  is 
affected  by  the  sum  or  the  difference  of  the  errors  due  to  the  shades. 
It  is  advisable,  therefore,  in  general,  to  employ  a  dark  glass  at  the 
eve-end  of  the  telescope,  by  which  the  shade  before  one  or  both  of 
the  mirrors  may  be  dispensed  with.  Also,  if  this  glass  is  not  per- 
fect, the  rays  from  the  object  and  the  image  are  affected  alike,  and 
the  angle  between  them  remains  unchanged. 

A  card  screen,  to  slip  over  the  eye-end  of  the  telescope,  is  useful 
in  protecting  the  eye  from  accidental  giare. 

492.  The  observer  acquires,  by  attention,  the  power  of  estimating 

*  Mr.  Hartnup,  director  of  the  observatorj  at  liTerpool,  acquaints  me  that  he  has  con- 
itanUj  found  sextant  observations  to  come  out  more  accurately  ir  proportion  as  he  narroweil 
Uie  field  by  elosing  the  wires. 
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the  proper  angle  at  which  to  set  the  index  for  a  rough  contact,  and 
thus  saTes  time.  II  also  effects  some  saving  of  time  to  have  the 
tubes  of  the  telescope  marked  at  the  observer's  focus. 

493.  When  the  aneular  distance  between  two  objects  is  to  be 
measured,  the  plane  of  the  instrument  is  held  in  the  line  joining 
them,  and  the  sight  is  directed  to  the  fainter  of  the  two.  When, 
therefore,  the  brighter  object  is  to  the  right,  the  instrument  is  held 
face  upwards,  and  the  image  of  the  ri^ht-hand  object  brought  to 
touch  the  left-hand  object  seen  directly ;  but  when  the  brighter 
object  is  to  the  left  (as  in  observing  the  distance  between  the  sun 
and  moon  in  high  north  latitudes  in  the  forenoon),  the  instrument 
must  be  held  face  downwards,  the  sight  being  directed  to  the  right- 
hand  object.  The  contact  must  be  made  in  the  centre  of  the  field, 
as  directed  above. 

[2.]  Reading  off  the  AngU, 

494.  The  angle  having  been  observed,  its  measure  is  to  be  read 
off.  The  arc  being  divided  into  degrees,  and  these  subdivided  into 
halves,  thirds,  &c.,  the  smallest  division  contains  several  minutes, 
and  the  angle  can  thus  be  read,  but  roughly,  from  the  arc  itself. 

In  order  to  read  to  1',  or  a  fraction  of  1',  a  scale  called  a  vernier 
is  applied  to  the  arc ;  this  is  a  portion  of  an  arc  having  the  same 
centre,  and  divided  into  oTie  part  more  than  an  equal  portion  of  the 
arc  itself.  The  manner  in  which  a  more  minute  reading  is  obtained 
may  easily  be  understood  from  the  following  example : — Suppose  a 
division  on  the  arc  to  be  •}-  of  1^,  or  2(y,  and  the  vernier  to  be  equal 
in  length  to  19  divisions,  or  6^  2(/,  but  divided  into  20  equal  parts ; 
then  each  of  the  divisions  on  the  vernier  is  -^  of  6^  20'  or  38Cr,  that 
is  19^,  and  therefore  the  difference  between  one  division  on  the  are 
and  one  on  the  vernier  is  1'. 

Suppose  the  beginning  of  the  vernier  and  that  of  the  arc  to  coincide,  as  in  Fig.  1 ;  then 
(he  first  of  the  dividing  lines  of  the  vernier  foils  short  of  the  first  dividing  line  of  Uie  aic  by 
i';  therefore,  if  we  make  these  lines  coincide,  we  advance  the  vernier  i .  Again,  to  make 
the  second  dividing  lines  of  each  coincide,  we  must  move  the  vemier  through  %\  and  so  on. 

In  Fig.  2  the  o  of  the  vemier  stands  between  lo'  and  40'  after  the  division  at  3**,  and  the 
first  ooinddenoe  is  at  9 ;  hence  the  arc  measored  is  3^  29'. 
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Wlien  the  index  is  moved  the  contnoy  way,  the  o  of  the  Temier  goes  off  the  arc,  as  seen 
In  Fig.  3.  As  the  20  of  the  Ternier  stands  at  6^  ao'  when  the  two  aeros  coincide,  if  we  move 
It  1'  to  the  right,  the  coinddence  will  occur  at  19,  and  at  18  if  we  more  it  a',  and  so  on. 
Heoce,  to  measore  an  angle  qfike  ore,  we  must  read  from  the  end  of  the  vernier.  The  are 
shewn  b  32' off  tiie  arc 

[3.]  A^utiments, 

495.  (1.)  The  Index-Glass,  or  central  mirror,  must  be  perpen* 
dicular  to  the  plane  of  the  instrument. 

Set  the  index  about  60^ ;  then,  if  the  image  of  the  arc  in  the 
mirror  appear  in  perfect  continuation  with  the  arc  itself,  the  adjust- 
ment is  perfect ;  if  the  reflection  seem  to  droop  from  the  arc  itself, 
the  mirror  leans  back  ;  if  it  rise  upward,  the  mirror  leans  forward. 
The  position  is  rectified  (in  quadrants  only)  by  the  screws  on  the 
back.  This  adjustment  generally  rests  with  the  maker,  but  it  should 
be  occasionally  yerified  by  the  observer. 

(2.)  The  Horizon-Glass,  or  fixed  mirror,  must.be  perpendicular  to 
the  plane  of  the  instrument. 

Set  the  index  to  0,  hold  the  instrument  horizontally,  look  through 
the  glass  at  the  sea-horizon,  or  other  distant  object,  and  ^ivc  the 
instrument  a  small  nodding  motion:  then  if  the  reflected  image 
appear  neither  above  nor  below  the  real  object,  the  adjustment  is 
perfect;  if  the  image  be  the  lower  ^  the  glass  stoops  ^/i>rti;ar£2;  if  it  be 
the  higher^  the  glass  leans  backward.  The  position  is  rectified  by  the 
screws. 

(3.)  The  line  of  sight  of  the  telescope  must  be  parallel  to  the 
plane  of  the  instrument  in  which  the  index  moves. 

Place  the  two  wires  of  the  telescope  parallel  to  the  plane  of  the 
instrument.  Select  two  distant  objects  trom  100®  to  120®  apart,  as 
two  stars,  or  the  sun  and  moon,  and  make  an  exact  contact  at  the 
lower  wire,  or  that  nearest  the  instrument.  Now  move  the  instru- 
ment so  as  to  throw  the  images  in  contact  upon  the  upper  wire ;  if 
the  contact  is  still  perfect  (the  images  having  overlapped  in  the 
middle  of  the  field),  tne  adjustment  is  perfect;  if  they  have  separated, 
the  object-end  of  the  telescope  droops ;  if  they  overlap,  it  rises.  The 
position  is  rectified  by  the  screws  in  the  collar.  When  this  adjust- 
ment IS  defective,  the  observed  angle  is  always  too  great.  (See 
Table  54.) 

[4.]  Index-Error. 

496.  The  graduation  of  the  arc  should  commence  at  a  certain 
point ;  when  this  is  not  the  case,  the  Index-Error,  as  it  is  called, 
must  be  measured. 

The  point  at  which  the  graduation  of  the  are  is  supposed  to  begin, 
is  that  at  which  the  index  stands  when  the  mirrors  are  parallel,  as 
is  the  case  when  the  image  of  a  distant  object  is  seen  to  coincide  with 
the  object  itself.  The  index-error,  therefore,  is  merely  the  error  of 
the  place  of  the  beginning  of  the  divisions,  and  afiects  all  angles 
alike. 

To  find  the  Index-Error.  (1.)  By  the  Horizon.   Hold  the  instru 
nient  vertically,  and  make  the  image  of  the  horizon  coincide  with 
the  horizon  itself  as  accurately  as  possible.     If  the  0,  or  zero  of  the 
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index,  now  stand  at  0,  there  is  no  index-error ;  if  it  stand  on  the 
arc,  the  index-correction  is  so  much  subtractive ;  ^^hen  off  the  arc, 
additive.'* 

£z.  The  horizon  and  its  image  being  made  to  coincide,  the  reading  la  3' on  the  arc  Then 
3^  is  the  Index  Cobabction  to  be  iubtractBd  from  every  angle  observed. 

Any  distant  object,  or  a  bright  star,  answers  the  purpose. 

(2.)  By  the  Sun.  Measure  the  suns  horizontal  diameter,t 
moving  the  index  forward  on  the  divisions;  read  off  the  measure 
which  will  be  on  the  arc ;  then  cause  the  images  to  change  sides  by 
moving  the  index  back ;  take  the  measure  again,  and  read  off;  this 
reading  will  be  off  the  arc :  half  the  difference  of  the  two  readings 
is  the  index-correction. 

When  the  diameter  on  the  arc  is  the  greater^  the  correction  is 
subtractive;  when  the  lesser^  additive.X 

Ez.l. 


On  the  arc 
Off 

3a'  10'' 
29   50 

2   so 

Ex.  2.    On  the  arc 
Off 

Ind.  Couu  add. 

30'  iqT 
33  40 
3   30 

&R.  tubtraet 

I    10 

I  45 

In  consequence  of  the  spring  or  elasticity  of  the  index-bar,  the 
STTor  will  be  different  for  the  onward  and  for  the  backward  motion 
of  the  index.  It  has  been  recommended,  therefore,  to  turn  the 
tangent-screw  right  and  left  alternately,  in  making;  successive  con- 
tacts, by  which  a  partial  compensation  is  obtained.  This  source  of 
discrepancy  is,  however,  effectually  removed  by  taking  all  observa- 
tions, including  that  for  index-error,  with  the  same  motion  of  the 
index-bar.  The  onward  motion  being  adopted  as  the  most  natural, 
the  tangent-screw  is  always  employed  to  close  the  object  and  the 
reflected  ima^e,  and  is  thus  always  turned  in  the  same  direction. § 

One-fourtn  of  the  sum  of  the  Wo  readings  should  be  equal  to  the 
8un*s  semi-diameter  in  the  Nautical  Almanac.  This  affords  a  test  of 
the  accuracy  with  which  the  observation  has  been  made. 

497.  The  adjusting  screws  are  never  to  be  touched  except  from 


*  When  the  mirrors  are  parallel,  a  very  distant  object  is  exactly  covered  by  its  image ; 
bvt  at  a  near  object  the  distance  between  the  mirrors  subtends  a  sensible  angle,  or  has 
sensible  parallax,  and  this  coincidence  does  not  take  place.  The  parallax  of  a  12-inch  sextant 
at  half  a  mile  distance  is  about  21",  and  is  smaller  for  smaller  dimensions  and  greater  dis- 
tances,  in  simple  proportion.  Hence,  for  the  purposes  of  adjustment)  distances  exceeding 
this  should  be  employed. 

Captain  Beechey  suggests  a  method  of  adjustment  by  parallel  rays.  Naut.  Mag.  1844, 
p.  505. 

t  As  the  refraction  increases  towards  the  horizon,  the  lower  limb  is  more  raised  than 
the  upper  limb,  and  the  vertical  diameter  is  shortened.  This,  at  very  low  altitudes,  produces 
a  flattened  or  oval  form  in  the  sun  and  moon. 

X  If  both  readings  are  on  the  arc,  which  can  only  occur  when  the  index-error  is  nearly 
half  a  degree,  the  ind.  corr.  is  the  mean,  and  subtractive ;  if  off,  additive. 

$  Sir  F.  Beaufort,  to  whom  I  am  indebted  for  the  suggestion,  acquaints  me,  that  from 
the  sensible  influence  of  the  spring  of  the  index-bar  in  nice  observation  hetmiformly  adhered 
to  this  plan,  and  caused  it  to  be  followed  by  his  officers. 

The  late  Captain  Basil  Hall  informed  me  that  he  made  it  his  practice  to  obtain  the 
index-error  both  for  the  onward  and  the  backward  motion  of  the  index,  employing  the 
former  error  in  all  observations  by  the  onward  motion,  swch  as  the  lunar  distance  when 
increasing,  and  the  latter  in  observations  by  the  reverse  motion,  as  for  the  lunar  distance 
when  decreasing. 
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nivessityy  and  then  with  the  greatest  possible  caution.*  When  two 
screws  work  against  each  other,  care  must  be  taken,  in  tightening 
one,  to  loosen  the  other  if  necessary. 

498.  Besides  errors  from  these  causes,  tiiere  are  others  which 
are  neither  detected  nor  remedied  so  easily :  the  divisions  on  the  arc 
are  liable  (though  in  these  days  in  a  very  slight  degree)  to  inaccu- 
racy, and  the  centering  of  the  arc  is  not  always  perfect.f 

In  order  to  test  the  accuracy  of  the  arc  in  either  of  these 
respects,  in  different  places,  it  has  been  proposed  to  measure  the 
distance  of  two  stars,  comparing  the  distance  with  that  shewn  by  a 
circle,  or  by  an  approvea  sextant,  or  deduced  from  calculation,  j; 
The  absolute  error  being  thus  found  for  certain  places  on  the  arc, 
the  correction  for  any  angle  may  be  inferred  by  proportion. 

499.  As  the  two  sides  of  the  coloured  glasses  are  not  always 
exactly  parallel,  the  shades  may  vitiate  the  angle.  (No-.  491.)  Some 
observers  find,  by  actual  trial,  the  error  due  to  any  shade  or  com- 
bination of  shades*  The  shade  in  the  eye-piece,  as  before  stated,  has 
not  this  defect;  but  an  image-shade  is  generally  indispensable  in 
taking  a  lunar  observation. 

[5.  J  Methods  qflncretutng  the  Efficiency  qfihe  Sbxtani. 

500.  The  necessity,  under  certain  circumstances,  of  observing 
lar^e  angles,  and  the  difficulty  of  measuring  them,  arising  from  the 
obliquity  with  which  the  rays  of  light,  in  such  cases,  rail  on  the 
central  mirror,  have  led  to  the  suggestion  of  various  plans  for 
extending  the  powers  of  the  sextant.  § 

Capt.  Fitzroy  has  employed  an  additional  fixed  horizon-glass, 
placed  at  a  constant  angle  with  the  ordinary  one,  by  means  of  which 
the  image  of  an  object  above,  or  to  the  right-hand  of  another  in  the 

*  Particalar  attention  is  called  to  this  point,  because  it  is  a  common  foiling  of  "  oyer- 
bandj  gentlemen"  (to  use  Troughton's  language)  to  "torment"  their  instruments.  It  is 
better  that  error  should  exist,  provided  that  it  is  allowed  for  nearly,  than  that  mischief  should 
ensme  to  the  instrummt  from  ignorant  attempts  at  a  perfect  adjustment;  and  the  skilftil 
observer,  instead  of  implicitly  depending  upon  the  supposed  perfection  of  his  instrument,  will 
endeavour  to  avaQ  himself  of  tiiose  cases  in  which  errors,  if  they  exist,  will  destroy  each 
other. 

f  It  ie  also  nece^ary  that  the  two  surfaces  of  the  central  mirror  should  be  exactly 
paralleiL  This  parallelism  can  be  tested  only  by  observing  an  angle  between  two  objects 
120*^  or  130°  apart,  and  then  repeating  the  observation  with  the  mirror  in  a  reversed  position. 
Half  the  difference,  if  there  is  any,  between  the  two  results  is  the  angle  between  the  sur- 
feoes.  As  in  the  best  instruments  the  mirror  is  fixed,  this  cannot  be  put  in  practice,  and 
the  consideration  is  therefore  omitted  from  the  adjustments  in  the  text.  This  error,  how- 
ever, when  it  exists,  is  obviated  by  the  method  described  in  the  next  sentence  of  the  text. 

X  The  stars  for  this  purpose  must  be  taken  from  the  Nautical  Almanac,  as  the  places  are 
required  with  precision.  The  true  distance  may  then  be  computed  by  the  rule  No.  339  (2), 
using  the  Diif.  of  the  stars'  right  ascensions  for  D.Long.,  and  their  polar  distances  for  tho 
coladtudes.  The  true  distance  may  then  be  reduced  to  the  apparent  (which  is  that  mea- 
cured  by  the  instmment),  by  No.  842,  substituting  one  of  the  stars  for  the  moon,  omitting 
the  second  corr.,  and  applying  the  other  star's  correction  the  opposite  way  to  that  laid  down 
in  the  tabulated  directions  for  the  star. 

§  A  second  fixed  horizon-glass  is  usually  attached  to  quadrants,  for  the  purpose  of  refrr . 
ring  the  sun's  image,  when  the  horizon  under  it  is  concealed  by  the  land,  to  the  opposite 
point.  As  the  back  observation ^  however,  as  this  is  termed,  is  exceedingly  inconvenient,  and 
in  consequence  scarcely  ever  employed,  it  is  omitted  in  the  text. 
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line  of  siffht,  is  seen  in  the  field  when  the  index  is  at  0,  and  thob  a 
portion  of  the  angle  is  measured  in  addition  to  that  on  the  are. 

501.  Admiral  Beechey  had  a  sextant  constructed  with  a  second 
central  mirror  over  the  usual  one,  and  working  on  the  same  pivot, 
the  arc  of  which,  being  concentric  with  the  usual  arc,  is  divided  by 
the  same  stroke.  Both  indez-glasses  are  adapted  to  the  same 
horizon-glass.* 

Any  angle  is  measured  by  putting  one  index  forward  upon  the 
arc  to  any  convenient  number  of  degrees,  and  moving  the  other  until 
both  reflected  images  are  seen  in  the  horizon-glass. 

EaclT  arc  has  its  proper  index-error. 

502.  Mr.  C.  George,  R.N.,  has  constructed  a  double  pocket- 
sextant,  by  joining  two  small  sextants  by  the  face.  This  instrument, 
which  scarcely  exceeds  the  box-sextant  in  size,  possesses,  for  various 
approximate  purposes,  and  for  surveying,  tlie  advantages  of  the 
double  sextant.t 

603.  The  double  sextant  has  some  important  advantages;  it 
affords  two  alts,  of  the  same  or  different  celestial  bodies  in  quick 
succession:  this  is  a  point  of  much  consequence  when  the  body 
appears  for  short  intervals  only,  as  between  flying  clouds,  and  also 
in  observing  at  night,  as  it  saves  the  disturbance  to  the  eye  caused 
by  reading  off;  it  measures  the  angular  distance  between  opposite 
points  of  the  horizon,  j:  and  thus  serves  as  a  dip  sector ;  it  measures 
two  terrestrial  angles  at  the  same  instant,  and  thus  serves  as  a 
director. 

The  index-error  of  a  compound  angle  measured  by  a  double 
sextant  is  composed  of  the  errors  proper  to  each  arc. 

The  error  of  parallelism  (No.  496)  in  a  compound  angle  is  mate- 
rially reduced,  since  in  practice  each  portion  is  less  than  90^. 

604.  In  observing  altitudes  at  sea  by  the  double  sextant,  set  any 
angle  on  the  upper  sextant ;  then,  facing  that  part  of  the  horizon 
which  is  opposite  the  sun,  And  his  image,  and  bring  up  the  horizon 
to  the  lower  limb,  by  moving  the  lower  index :  the  sum  of  the  two 
readings  is  the  suppl.  of  the  alt.  of  the  upper  limb,  affected  by  the 
dip  and  the  index-error. 

Now  unclamp  the  indexes,  set  the  upper  one  to  an  angle  less 
than  the  alt.,  find  the  image  under  the  sun,  and  bring  up  the  horizon 
to  the  lower  limb :  the  sum  of  the  readings  is  the  alt.  of  the  lower 
limb,  affected  by  the  dip  and  the  index-error. 
•  Half  the  difference  of  the  two  sums  is  the  app.  zen.  dist.  cleared 
of  the  dip,  semi-diameter,  and  index-error. 

*  Adnunl  Beechey  acquainted  me  that  he  constructed  this  sextant  for  the  purpose  of 
obtaining  the  measni-es  of  the  angles  between  two  terrestrial  objects  at  the  same  instant  and  br 
one  obstfver :  a  point  of  considerable  importance  in  sorreying,  or  in  laying  down  souidings, 
while  the  observer  himself  is  in  motion.  A  further  advantage  aiforded  by  the  construction  la, 
Uiat  when  the  right-hand  object  is  too  faint  to  be  reflected,  the  sextant  does  not  reqnlfe  to 
be  inverted.    The  instrument  is  constructed  by  Carey. 

f  Made  by  Carey. 

t  The  difference  between  this  angle  and  i8o^  is  twice  the  apparent  dip.  Thus,  if  tikit 
angle,  measured  downwards,  is  179*^48' 30",  the  apparent  or  actual  dip  is  5^45".  The  dip 
sector,  being  inoontauent  and  litUe  uised,  is  not  described  in  tiie  text. 
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2.  The  Repeatimg  Reflecting  Circle^ 

605.  On  this  circle  the  measure  of  the  angle  observed  by  reflec- 
tion, as  in  a  sextant,  is  carried  over  any  part  or  the  whole  of  the 
circumference :  this  b  effected  by  making  the  horizon-glass  itself 
movable  round  the  centre,  and  attaching  to  it  a  vernier.  By  thus 
rq^eaHmg  the  same  angle  on  different  parts  of  the  divided  edge,  the 
errors  of  the  index,  of  the  coloured  shades,  and  of  the  centerinj^,  are 
nearly,  if  not  altogether,  removed ;  also,  since  the  indexes  follow 
each  otker  round  the  circle  (each  mirror  alternately  acting  the  part 
of  the  fixed  hori^n^dass),  the  angle  finally  registered  is  the  sum 
total  of  all  the  repetitions ;  and  thus  one  reading  alone  contains  the 
result  of  any  number,  however  great,  of  separate  observations.  The 
arc  read  off,  divided  by  the  number  of  observations,  gives  the  mea- 
sure of  the  required  angle. 

506,  When  the  angle  changes  during  the  observation,  the  are 
finally  registered  is  not  the  mere  repetition  of  the  same  angle,  but 
the  sum  total  of  different  angles  ;  it  is  therefore  necessary  to  under- 
stand how  the  time  is  to  be  noted. 

Suppofle,  Ibr  example,  at  5^  20*  the  angle  is  4S^»  and  at  5*  a6"  H  is  46°  (neither  being 
read  off)  $  now,  at  5**  lo"  the  fint  index  wonld  i^ew  45^,  and  at  5^  26">  the  second  index 
would  Aew  the  sum  of  4$^  and  46^,  or  91^,  haffot  which,  or  45°  30 ,  in  this  case  obnously 
corresponds  to  the  $mddU  time,  5^  ^l^, 


The  same  appears  generally  thus :  the  last  arc  read  off  measures 
the  first  angle,  the  repetition  ot  the  same  angle,  and  the  change  upon 
it  during  the  interval  of  the  two  observations ;  therefore  half  the  arc 
measures  the  angle,  and  half  the  change  upon  it,  supposed  uniform, 
which  corresponds  to  the  middle  time. 

If,  now,  a  second  pair  of  angles,  as  before,  be  observed,  a  second 
angle  with  its  time  is  obtained,  and  so  on ;  hence,  as  long  as  the 
change  of  the  angle  is  uniform^  the  arc  read  off,  bein^  divided  by  the 
number  of  observations,  corresponds  accurately  to  the  mean  of  the 
times. 

The  time  is  therefore  to  be  noted  at  each  contact. 

£07.  The  Circle  is  made  in  various  forms :  we  shall  confine  our- 
selves here  to  the  description  and  use  of  those  known  by  the  names 
of  Borda's  and  DoUond's  Circles.*  Figures  are  purposely  omitted, 
and  the  general  description  will  be  easdy  followea  with  the  instru- 
ment itseu; 

In  using  the  circle,  care  must  be  taken  to  push  the  crooked 
handle  out  of  the  way  of  the  telescope. 

*  TVooghton's  Beflecdng  Cirde,  which  does  not  repeat,  is  capable  of  great  precision ;  but 
H  does  not  seem  so  wdl  adapted  to  general  practice,  espedaUy  at  sea,  as  the  repeating  circle  z 
Ibr  the  three  indexes  aggravate  the  inconvenienoe  and  tedionsness  of  reading  off;  and  the 
instrament,  instead  of  fiicilitating,  like  the  repeating  drde,  the  mnltiplication  of  observations, 
affords  merely  a  correct  measnre  of  an  angle  whiui,  from  the  motion  of  the  ship,  is  itself 
ohservvd  inaocoratelj. 
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[1.]  Borda*9  Circle. 

608.  In  Borda's  Circle,  the  horizon-^lass  and  telescope  rcvolva 
together  round  the  centre,  like  the  central  mirror,  carrying  a  vernier, 
which  we  shall  call  A. 

Sometimes  another  vernier  is  placed  opposite  to  A»  and  moves 
with  it.  The  central  mirror  carries,  like  a  sextant,  a  vernier,  which 
we  shall  call  B.     The  circle  is  divided  into  720^. 

The  horizon-glass  and  telescope  are  attached  to  an  inner  circular 
arc  divided  to  degrees,  which  is  called  the  finder^  as  it  enables  the 
mirrors  to  be  set  to  contain  any  angle,  and  the  objects  can  thus  be 
at  once  brought  into  contact  roughly.  When  B  is  set  to  0  at  the 
middle  of  the  finder,  the  mirrors  are  parallel.  The  divisions  on  the 
finder  are  reckoned  in  both  directions  from  the  0. 

609.  To  use  the  circle  as  a  sextant.  Before  this  can  be  done  we 
must  know  the  reading  of  B  when  the  mirrors  are  parallel.  To 
find  this,  set  A  accurately  to  720*^,*  and  clamp  it.  Set  B  to  0  on 
the  finder,  nearly,  and  measure  the  sun's  horizontal  diameter :  read 
off.  Cross  the  reflected  image  to  the  other  side  of  the  sun,  and  read 
off:  the  mean  of  the  two  readings  is  the  constant  angle  required,  and 
is  clear  of  index-error. 

To  observe,  move  B  as  in  a  sextant. 

After  observation,  examine  the  setting  of  A,  as  any  error  in  this 
is  so  much  index-error. 

510.  By  moving  the  index  opposite  ways,  observations  may  be 
taken  backwards  and  forwards,  from  the  same  point  on  the  arc ;  but 
the  real  efficiency  of  the  repeating  circle  consists  in  what  is  called 
the  cross-observation^  to  which  we  shall  now  proceed. 

To  observe  an  Altitude  by  the  cross-observation.  Set  Af  accu- 
rately at  720®  (or  at  360®);  set  B  to  0  on  the  finder  roughly ;  observe 
the  alt.  with  B  as  with  a  sextant;  read  off  B  roughly  on  the  finder; 
unclamp  A,  and  move  it  on  the  finder,  in  the  order  of  the  divisions 
on  the  circle,  till  the  0  on  the  other  side  of  B  stands  at  the  angle 
read  off.  Turn  the  circle  over,  hold  it  in  the  other  hand,  and  com- 
plete the  contact  by  turning  the  tangent-screw  of  A. 

The  vernier  A  now  registers  the  first  patr^  or  double  the  altitude 
required. 

To  proceed  with  the  repetition.  Unclamp  B,  set  it  on  the  finder 
at  the  same  angle  as  before;  hold  the  instrument  as  for  the  first 
observation ;  complete  the  contact.  (Jnclamp  A,  move  it  onwards 
as  before  till  the  0  stands  at  the  angle  read  off;  complete  the  con- 
tact.    This  is  the  second  pair,  or  four  times  the  required  altitude. 


*  This  index  wiU,  in  some  circles,  stand  at  360^,  and  may  require  to  be  moved  back- 
wards ;  360°  wonld  then  be  subtracted  from  erery  angle  measured  by  this  index  alone.  The 
above  instructions  will,  with  a  trial  or  two,  be  found  sufficiently  intelligible. 

t  It  is  usual  to  fix  first  the  index  called  here  B,  as  directed  by  Borda  himself,  and 
repeated  by  other  writers ;  but  it  is  immaterial  which  index  is  first  fixed,  or  at  what  part  of 
the  circle,  provided  the  vernier  be  read  off.  The  index  A  is  recommended  here  in  order  to 
assimilate  as  much  as  possible  the  use  of  the  circle  to  that  of  the  instruments  with  which 
we  are  already  more  familiar.  Inaccuracy  in 'this  setting  is  diminished  as  the  number  of 
rcpetitiona  is  increased. 
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Tbe  next  reading  of  A  will  be  six  times  the  required  altitude,  and 
so  on. 

511.  To  observe  Angular  Distance  by  the  cross-observation* 
Proceed  as  directed  above,  reading  distance  for  altitude. 

512.  If  there  is  not  light  enough  to  read  the  finder,  the  reflected 
image  must  be  actually  carried  across  the  other  object  by  moving 
the  index  through  twice  the  angle  first  measured. 

513.  The  last  pair  completed  being  registered  bv  the  vernier  A, 
the  disturbing  of  B  at  any  time  is  immaterial,  since  it  does  not  affect 
the  reading  of  A ;  but  if  A  is  moved,  and  the  observation  is  inter- 
rupted beiore  the  new  pair  is  completed,  the  whole  is  lost. 

514.  Two  altitudes,  of  the  same  or  different  bodies,  may  be 
obtained  by  reading  both  verniers;*  thus,  set  A  to  720^,  observe 
one  alt.  v^ith  B,  as  in  No.  509.  Unclamp  A,  move  it  to  0  on  the 
finder,  hold  the  circle  in  the  other  hand,  and  observe  the  other 
altitude. 

Read  off  B,  and  subtract  from  it  the  constant  angle :   the  re 
mainder  is  the  first  alt.     For  the  second  alt.  subtract  the  first  alt. 
from  A. 

Ex.    B  252°  2';  A  98°  11';  const.  213°  35'.    The  Fust  Alt.  is  38^  27';  the  Skoond 
»  59^  44'- 

515.  We  shall  now  consider  the  effects  of  errors.  The  index- 
error  is  obviously  removed  by  measuring  the  same  angle,  either  on 
opposite  sides  of  a  fixed  zero,  or  between  any  two  points  on  the  arc. 
^ow,  after  B  has  been  clamped,  and  the  angle  is  to  be  repeated  by 
moving  A,  the  horizon-glass  passes  from  one  side  of  the  perpen- 
dicular upon  the  central  mirror  through  the  same  angle  on  the 
other  side ;  the  angle,  therefore,  is  measured  by  the  motion  of  A 
from  one  point  of  the  arc  to  another,  and  the  exact  point  720^  is 
assumed  merely  for  convenience  in  reading. 

When  a  coloured  shade  is  defective,  it  breaks  the  direct  course 
of  the  ray  from  the  central  mirror  to  the  horizon-glass,  and  the 
broken  part  inclines  towards  the  same  side  of  the  horizon-glass, 
whether  the  circle  is  inverted  or  not.  Therefore,  if  the  angle 
formed  on  one  side  of  the  perpendicular  on  the  fixed  mirror  is  too 
great,  the  angle  formed  on  the  other  side  will  be  too  "mall,  by  the 
same  quantity,  and  this  error  disappears. 

The  inclination  of  the  line  of  siglit  upon  the  plane  of  the  circle, 
No.  495  (3),  produces  the  same  effect  upon  the  angle  formed  upon 
either  side  of  the  perpendicular  to  the  central  mirror;  this  error 
therefore  renfains. 

Tbe  error  of  the  eye,  and  therefore  the  personal  equation 
(No.  175),  likewise  remains. 

The  error  of  centering  is  removed  by  carrying  the  angle  round 
the  whole  circumference. 

*  This  maj  be  found  convenient  in  taking  a  lunar  at  night,  since  the  lamp  would  be 
required  bat  three  times  for  reading,  in  obtaining  the  four  altitudes  required  and  the  sereral 
p«i»  of  distances.  Rules  might  easily  be  given  for  repeating  both  altitudes  to  anf  extent, 
bat  an  allowance  would  be  necessary  for  the  motion  in  altitude  of  the  second  body  obsenre«L 
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[2.]  DoWmda  Circle. 

616.  DoIlond*s  Circle  consists  of  two  concentric  circles,  the  inner 
one  of  which,  in  revolving  within  the  other,  carries  the  horizon  glass 
and  telescope,  and  a  vernier  called  A,  of  which  the  clamp  and 
tangent  screw  are  attached  near  the  telescope.  The  inner  circle 
is  cut  to  degrees  only ;  the  central  mirror  carries  a  vernier  called  B, 
as  in  a  sextant. 

The  inner  circle  answers  the  purpose  of  the  finder  above  de- 
scribed. From  the  position  of  the  telescope,  this  circle  is  held,  in 
taking  altitudes,  exactly  like  a  sextant,  which  is  a  convenience. 
From  the  general  resemblance  between  the  two  instruments,  it  is 
unnecessary  to  enter  into  further  details.* 


IL  The  Artificial  Horizon. 

617.  The  Artificial  Horizon  is  a  small  shallow  trough,  a  few 
inches  in  length,  containing  quicksilver  or  any  other  fluid,  the 
surface  of  which  affords  a  reflected  image  of  a  celestial  body.  The 
fluid  is  protected  from  the  disturbing  effects  of  the  air  by  a  roof,  of 
which  the  two  opposite  sides  contain  plate-glass.  This  roof  is  often 
made  to  fold  up  for  the  sake  of  portability.  The  trough  should  be 
so  thick  as  to  raise  the  quicksilver  to  a  level  with  the  lower  edges  of 
the  glasses. 

A  piece  of  talc,  which  substance  splits  into  thin  parallel  plates, 
may  be  laid  on  the  trough  as  a  substitute  for  the  roof.  In  some 
oases  a  piece  of  thin  cloth,  as  muslin,  sufficiently  transparent  to 
allow  a  bright  object  to  be  seen  through  it,  protects  the  fluid  from 
the  wind. 

618.  The  image  of  a  celestial  object  reflected  from  the  surface  of 
a  fluid  at  rest  appears  as  much  below  the  true  horizontal  line  as 
the  object  itself  appears  above  it ;  the  angular  distance  measured 
between  the  object  and  its  image  is  therefore  double  the  altitude. 
An  advantage  resulting  from  this  is  that  in  halving  the  angle  shewn 
by  the  instrument  we  halve,  at  the  same  time,  all  the  errors  of  ob- 
servation. The  reflected  image  in  the  fluid  is  always  less  bright 
than  the  object,  but  as  it  is  perfectly  formed,  and  as  the  surface  is 
truly  horizontal,  the  artificial  horizon,  when  it  can  be  employed,  is 
always  to  be  preferred  to  the  sea-horizon. 

*  It  is  the  opinion  of  some  competent  judges  that  circles  should  be  made  much  smaller, 
for  the  sake  of  lightness  and  portability,  and  that  thej  should  accordingly  be  cut  to  minutes 
only,  as  Borda's  Circle  formerly  was ;  because,  by  repetition,  the  minute  or  nearest  half- 
minute  read  off  is  speedily  reduced  to  quantities  smaller  than  can  be  measured  in  the 
observation. 

The  case  of  a  sextant,  or  cirde,  should  be  made  to  reodve  the  instrument  permanently 
with  the  index  in  any  position,  as  the  reading  off,  which  is  always  difficult  in  defective  light, 
might  thus  be  deferred  to  a  more  (avounible  opportunity.  It  would  also  be  useful  for 
reference  in  cases  of  error  or  doubt  in  the  readmg,  especially  at  night,  to  leave  the  index 
■ndiitnibed  till  (he  result  had  been  worked  out. 
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Wheu  the  altitude  exceeds  60^,  the  altitude  by  reflection  ex- 
eeeding  120^  falls  without  the  limits  of  the  sextant.  In  low  lati- 
tudes, therefore,  it  is  often  impossible  to  observe  with  the  quicksilver 
except  by  a  sextant  with  a^Uitional  powers.*  On  the  other  hand, 
when  the  altitude  is  low,  the  observer  is  obliged  to  increase  his 
distance  from  the  quicksilver,  by  which  it  becomes  difficult  to  keep 
sight  of  the  image  reflected  in  the  fluid ;  and  for  altitudes  less  than 
12^  or  16®  the  observation^is  generally  impracticable. 

519.  The  roof  should  generally  be  placed  upon  a  sheet  of  some 
thin  material,  impervious  to  vapour,  which,  condensing  on  the  glass, 
obscures  the  image.  A  leaden  stand  about  the  size  of  an  octavo 
volume,  on  three  legs,  and  covered  with  cloth,  into  which  the  roof 
sinks  and  excludes  the  external  air,  is  convenient. 

520*  The  film,  or  scum,  which  forms  on  the  quicksilver,  is  pre- 
yented  from  running  into  the  trough  by  holding  the  bottle  inverted 
while  it  is  poured  out.  A  wooden  scraper,  fitting  close  to  the  inner 
breadth  of  the  troug^h,  has  been  found  to  remove  the  scum,  which 
adheres  to  the  wood. 

621.  The  fluid  proper  for  the  purposes  must  possess  the  qualities 
of  giving  a  bright  image,  and  of  quickly  subsiding  to  a  perfect  level 
after  bemg  disturbed,  such  as  quicksilver,  water,  spirit,  and  others. 

Oil  has  on  some  occasions  been  used  with  success,  but  on  others 
it  has  given  bad  results.  Treacle  has  also  been  recommended,  and 
is  said  to  be  improved  by  a  mixture  of  spirit.  These  viscid  sub- 
stances, from  not  bein^  sensible  to  minute  vibrations,  may  perhaps 
be  serviceable  in  a  uniform  temperature ;  but  when  exposed  to  the 
strong  heat  of  the  sun,  the  fluidity  varies,  and  the  vessel  itself  may 
likewise,  by  unequal  expansion,  alter  its  form.  Also  the  surface, 
af^r  disturbance  of  whatever  kind,  recovers  itself  the  more  slowly 
as  it  tends  to  the  true  level ;  and  this  mechanical  condition  must,  in 
cases  where  precision  is  aimed  at,  throw  a  doubt  over  all  results 
obtained  from  any  fluid  whose  constitution  is  not  that  of  extreme 
fluidity. 

When  the  air  is  calm,  a  piece  of  water,  or  a  puddle  large  enough 
merely  to  exhibit  the  image,  is  often  a  complete  substitute  for  the 
quicksilver  .f 

622.  As  the  celestial  bodies  are  sometimes  distinctly  visible  when 
the  sea-horizon  is  enveloped  in  mist, j;  attempts  have  been  made  to 

^  To  remedy  ttaa  defect,  it  has  oeen  proposed  to  use  a  reflecting  surface,  inclined  at  a 
coBttant  angle  to  the  horiion,  movable  on  a  level  surface  or  floating  in  quicksilver.  Also,  a 
f^««*  has  been  fixed,  with  its  plane  vertical,  to  a  pillar  taming  on  an  upright  axis,  and  tiie 
tdesoope  laid  nearly  horizontal  by  a  spirit-level,  the  image  of  tiie  body  being  brought  down 
to  a  borisontal  wire  in  the  telescope. 

t  A  small  piece  of  plate-glass  levelled  by  a  babble  is  sometimes  used,  but  the  performance 
d  this  instmment  is  not  always  satisfiu^ry. 

t  Capt  Scoresby  (''  Jounial  of  a  Voyage  to  the  Northern  Whale  Fiahery,''  p.  159),  re- 
mains, that  fogs  often  cover  the  sea  in  the  polar  regions  to  the  depth  only  of  150  or  200  feet, 
while  the  sky  is  perfectly  clear. 

Her  Majesty  8  sloop  Zebra  was  a  week  without  interruption  in  a  dense  fog,  to  the  south- 
ward of  the  Snares,  daring  the  whole  of  which  time  no  observation  could  be  taken,  though 
the  son  often  shone  brightly  (Naut  Mag.  1S44).  The  like  drcomstancet  occar  in  '*  & 
Smokes,"  on  the  coast  of  Africa. 
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obtain  an  artificial  horizon  adapted  to  be  used  on  board  ship,  by 
means  of  the  surface  of  a  viscid  fluid,  and  a  mirror  attached  to  a 
pendulum,  which,  by  its  weight,  hangs  vertically.* 

The  objections  to  the  first  of  these  have  already  been  stated. 
With  regard  to  the  motion  of  a  pendulum,  it  is  important  to  observe 
that  when  the  ship  comes  to  the  end  of  her  roll  or  lurch,  it  does  not 
at  once  rest  in  the  vertical  position,  but  continues  to  move  onwards, 
or  to  swing,  with  the  velocity  which  it  had  before  the  ship's  motion 
was  destroyed ;  hence  the  pendulum  moves  through  greater  angles 
than  the  ship.  By  combming,  however,  the  viscid  fluid  and  the 
pendulum.  Commander  Becher  has  obtained  a  method  of  measuring 
altitudes  at  sea,  independently  of  the  horizon,  which  appears,  from 
the  reports  made  upon  it,  to  aflbrd  sufficient  accuracy  for  common 
purposes,  when  the  motion  of  the  ship  is  not  very  great.+  Outside 
the  horizon-glass  of  the  sextant  is  a  small  pendulum,  an  inch  and  a 
half  long,  suspended  in  oil ;  to  this  is  attached  a  horizontal  arm 
carrying  at  the  inner  end  a  slip  of  metal,  the  upper  edge  of  which, 
when  seen  in  a  certain  position,  is  the  true  horizon. 

The  error  b  determined  by  observation  of  a  known  altitude,  or 
by  the  help  of  another  sextant,  and  is  the  same  for  all  altitudes.  It 
should  be  frequently  examined. 

A  lamp  is  attached  for  observing  at  night. 

623.  Admiral  Beechey  fitted,  within  the  telescope  of  the  sex- 
tant, a  balance  carrying  a  glass  vane,  one  half  of  which  is  coloured 
blue,  to  represent  the  sea-horizon,  and  to  which  the  celestial  object  is 
brought  down.  The  amount  of  oscillation  above  and  below  the 
level  is  indicated  by  divisions  on  the  glass,  the  values  of  which  are 
determined  by  the  maker. 

The  instructions  for  using  this  instrument  are  as  follows: — Bring 
down  the  object,  as  the  sun's  limb,  to  the  edge  of  the  blue  and  leave 
it  there.  As  the  ship  rolls,  catch  with  the  eye  the  upper  and  lower 
divisions  reached  by  the  object,  and  call  them  out  to  an  assistant, 
who  writes  them  down  with  the  time  against  each.  When  two  or 
more  such  readings  have  been  taken,  read  off  the  alt.  and  write  it 
down.  Take  the  mean  of  the  readings  of  the  vane  and  turn  it  into 
arc  according  to  the  scale  furnished.  When  the  mean  is  above  the 
edge,  add  it,  when  below^  subtract  it.  Apply  the  maker's  index-error* 
the  result  is  the  apparent  alt.  being  clear  of  dip. 

Ex.     Took  an  alt.,  and  readings  as  follows:  the  divisions  12'  eachs— 

h    «     .       Divis.  o    '     " 

10  50    o  (+1)    above  \  Obserr.  Alt.  ao  25  ao 

SO  30  (- 1 4)  below      ^   ^^        ,  Mean  of  Dir.  -6 

50  50  f  +  li)  above  I  "»  10  19  20 

51  20  (-2)    below  ;  Maker's  Ind.  Corr.       -  40 
Mean  10  50  40  (— i),  2 J  above,  3 J  below;  diff.  I  App.  Alt  ao  18  40 

^e/on;/  the  half  is}  of  12' or  6' to  be  M^. 

*  It  has  also  been  attempted,  but  without  success,  to  employ  the  principle  upon  which  a 
top  while  spinning  tends  to  preserve  a  vertical  position,  by  balancing  a  horizontal  mirror  on  a 
pivot,  and  causing  it  to  revolve  with  great  velocity. 

t  See  Naut  Mag.  1S44,  p.  291.  Several  reports,  with  observations  made  by  this  instm- 
nent,  will  be  found  in  the  Naut.  Mag.  of  1839,  1842,  1844,  &c. 
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Care  is  to  be  taken  to  obserye  as  near  the  centre  of  the  field  as 
possible,  and  exactly  under  the  sun  ;  the  elbow  should  rest  on  some 
firm  support. 

With  practice  the  instrument  affords  considerable  accuracy  ;  and 
in  smooth  water  the  mean  of  some  alts,  will  be  within  2^. 

A  lamp  illuminates  the  telescope  at  night.* 

524.  An  instrument  for  this  purpose,  indispensable  when  the 
horizon  cannot  be  seen,  will  also  be  of  g:reat  service  as  a  check, 
when  haze  or  fog,  by  its  partial  distribution,  produces  the  appear- 
ance of  the  horizon  where  it  is  not.t  The  same  applies  to  the 
uncertainty  in  the  place  of  the  sea-horizon  which  is  often  expe- 
rienced in  moonlight  nights. 

These  instruments  are  very  convenient  on  shore. 


III.  The  Chronometer. 

625.  The  chronometer  is  a  superior  kind  of  watch,  furnished 
with  an  apparatus  by  which  the  changes  in  the  rate  arising  from  the 
expansion  or  contraction  of  the  materials  by  heat  and  cold  are  nearly 
obviated . 

Chronometers  should  be  kept  near  the  centre  of  gravity  of  the 
ship,  which  is  a  little  below  the  water-line,  and  not  far  from  the 
middle  of  the  length,  not  so  much  because  the  motion  here  is  less 
than  elsewhere,  as  because  the  temperature  below  is  not  liable  to 
sudden  changes.  In  ships  in  which  great  attention  is  paid  to  the 
chronometers,  they  are  usually  kept  in  a  small  apartment  abaft  the 
mainmast,  on  a  table,  in  cases  lined  with  cushions  of  soft  wool,  which 
defend  theiu  from  the  Jerks  and  vibrations  of  the  ship.  The  table  is 
secured  to  a  beam  of  tne  deck  below,  and  in  small  vessels  sometimes 
rests  on  a  stanchion  rising  from  the  kelson.  Large  chronometers 
are  placed  in  jimbals,  in  order  to  preserve  a  horizontal  position,  as 
inclining  a  watch  from  this  position  affects  its  rate.  They  have  also 
been  hung,  perhaps  with  the  view  of  obtaining  both  these  objects 
together,  m  swing  trays ;  but  as  this  method  is  found  to  be  very 
unfavourable,  it  has  been  discontinued.! 

The  chronometer- table  has  been  itself  placed  in  jimbals.  It  has 
also  been  supported  by  springs  to  diminish  still  further  the  effect  of 
chocks. 

526.  When  a  chronometer  is  placed  on  board  it  should  always 
remain  in  the  same  position,  that  is,  with  the  XII  towards  the  same 


*  Made  by  Carey. 

f  Adm.  Bayfield  acquaints  me  that  he  has  been  completely  decefyed  in  the  place  of  the 
horiion  at  the  coming  on  of  a  fog. 

X  Mr.  Fitfher  acquaints  me  that  he  has  found  va  acceleration  of  seven  seconds  a -day 
produced  by  suspending  a  chronometer  in  a  cot  with  five  inches'  swing. 
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Eart  of  the  8hi|i,  since  it  has  been  found  that  distarbing  the  positions 
as  altered  their  rates.* 

When  a  chronometer  is  transported  from  one  place  to  another,  it 
€houId  be  compared,  before  and  after  moving,  with  another  chrono- 
meter or  a  good  watch,  in  order  to  ascertain  whether  its  regularity 
has  been  disturbed. 

627.  A  chronometer  should  be  wound  up  at  regular  intervals,  in 
order  that  the  same  parts  of  the  machine  may  undergo  the  same 
constant  action  ;  it  should,  therefore,  be  wound  up  at  the  same  hour 
every  day.  In  winding,  the  key  should  be  turned  steadily,  and 
about  half  a  turn  taken  each  time,  and  the  watch  should  be  wound 
close  up.  After  winding,  the  chronometer  should  be  examined,  to 
ascertain  that  it  has  not  stopped. 

In  winding  up  a  watch,  the  key  alone  should  be  moved,  as  to 
turn  the  watch  itself  is  to  increase  the  velocity  of  winding. 

When  a  chronometer  is  wound  up  after  running  down,  it  is  set 
a-going  by  giving  it  a  small  horizontal  circular  motion. 

When  a  chronometer  stops,  it  generally  alters  its  rate. 

528.  It  seems  generally  admitted  that  the  principal  cause  of  the 
variation  of  the  rates  of  chronometers  is  change  oi  temperature,t 
and  accordingly,  in  some  ships,  the  temperature  of  the  chronometer- 
room  has  been  regulated  by  lamps. 

When  the  ship  changes  her  climate,  the  rates  do  not  change  at 
the  same  time  witn  the  temperature,  but  some  time  afterwards,  f 

529.  It  has  been  found  that  magnetism  affects  the  rates  of  chro- 
nometers (see  a  paper  by  Mr.  Fisher,  Nautical  Magazine,  1837). 
Hence  it  follows,  that  the  local  attraction  of  the  vessel  may  produce 
similar  effects.  It  does  not  appear  that  decisive  experiments  have 
been  made  upon  this  point. 

530.  Chronometers  are  generally  found  to  perform  best  at  the 

*  This  depends,  howerer,  chiefly  on  the  pontion  of  the  arm  of  the  balance. 

t  Captain  R.  Owen,  while  employed  in  snrreying  in  the  West  Indies,  found  a  fall  of  14^ 
in  Fahrenheit's  thermometer  (from  S2°  to  68°)  accelerated  the  rates  1**5  a>day,  and  a  fall  of 
20^  (from  82®  to  62°)  accelerated  them  two  seconds  a-day. 

X  Admiral  Fitzroy,  who  employed  in  his  sureys  of  South  America  the  imiisiial  nomber 
of  twenty-two  chronometers,  observes,  that  the  ordinary  motions  to  which  chronometers  arc 
subjected,  both  from  the  incessant  action  of  the  sea  and  in  transferring  them  from  one  vessel 
to  another,  scarcely  affect  the  rates  of  good  watches ;  and  that,  in  general,  tempenture  is  the 
only  cause  of  the  slteretion  of  rate.    (Journal  of  the  Royal  Geographical  Society,  vol.  vi.) 

Sir  E.  Belcher,  however,  when  engaged  in  the  survey  of  the  west  coasts  of  North  Ame- 
rica, found  the  chronometers  of  H.M.S.  Sulphur  very  materially  deranged  by  the  jerking 
produced  by  a  looseness  about  the  rudder-head  and  from  towing  the  Starling,  her  tender ;  and 
observes,  that  when  these  causes  were  removed  the  watches  performed  admirably. 

In  the  Instruction  R6glementaire  pour  les  B&timents  de  U  Marine  Royale,  &c  (An- 
nales  Maritimes,  1840),  it  is  recommended  that  the  chronometers  should  be  held  in  the  hand 
during  the  firing  of  guns,  and  that  in  transporting  a  watch  from  one  place  to  another  it  should 
be  carried  in  both  hands,  in  order  to  avoid  giving  it  suddenly  a  drcnUr  motion,  which  may  be 
communicated  by  taking  it  up  by  a  handle,  or  becket,  at  the  top  of  the  case. 

M.  Givry  considers  that  the  rates  of  the  chronometers  of  La  Coquille  frigate,  commanded 
by  M.  Duperrey  on  a  scientific  expedition,  were  altered  by  the  severe  thunder-storms  expe- 
rienced on  the  coast  of  Timor,  in  August  1823. — M^moire  sur  TEmploi  des  Chronomdtres  a 
la  Mer,  par  A.  P.  Givry,  extracted  from  the  Annales  Maritimes,  Paris,  1840. 

It  has  been  surmised  that  the  hot  and  moist  climate  of  the  coast  of  Africa  has  speedily 
disturbed  the  rates  of  chronometers ;  but  Adm.  Vidal  and  Sir  E.  fieldier,  in  several  yearr 
experience,  have  recognised  no  such  eiSect. 


TAKING  OBSIRVATIONB.  175 

beginning  of  a  voyage  ;*  many  subsequently  become  useless  from 
irregularity,  and  some  fail  altogether.  They  are  liable,  also,  to 
change  their  rates  suddenly,  and  then  to  reassume  the  former  rates 
in  a  tew  days.-f- 

531.  Since  there  seems  no  reason  why  any  cause  which  alters 
the  rate  of  one  chronometer  should  not  alter  the  rate  of  another  in 
the  same  manner,  the  agreement  of  any  number  of  chronometers, 
however  great,  cannot  be  unreservedly  aidmitted  as  evidence  for  the 
truth  of  the  time  which  they  shew.  Their  irregularities,  however,  in 
this  respect  contribute  to  the  security  of  navigation ;  for  since  one 
chronometer  often  gains  while  another,  under  exactly  the  same  cir- 
cumstances, loses,  the  discrepancies  prevent  the  danger  of  trusting 
too  confidently  to  any  single  result. 


CHAPTER  III. 
Taking  Observations, 

I.  Obserting  Altitudes.  II.  Observations  with  and  without 
Assistants.  III.  Employment  of  the  Hack  Watch.  IV. 
Finding  the  Stars. 

532.  In  treating  of  observations  with  reflecting  instruments  we 
shall  refer  chiefly  to  altitudes,  as  most  convenient  for  the  purposes  of 
illostration.  If,  however,  for  the  horizoriy  we  substitute  a  celestial 
body  or  any  other  point,  what  is  said  of  altitudes  will  apply,  with 
certain  obvious  exceptions,  to  anralar  distance  generally.  The 
details  proper  to  the  particular  observations  will  be  found  under 
their  respective  heads. 

I.  Observing  Altitudes. 

633.  The  observer  will  do  well  to  accustom  himself  to  obtam  a 
single  sight  with  accuracy,  and  not  to  depend  upon  the  accidental 
eompensation  of  errors  due  to  want  of  care.  It  sometimes  happens 
that  a  single  sight  only  can  be  obtained,  and  no  good  estimate  of  its 

*  AdTutige  was  taken  of  thii  oircanutuioe  in  the  late  nirrey  of  part  of  the  west  ooaat  of 
Africa  by  Admiral  Vldal,  who,  by  direction  of  the  Hydrog^phei,  proceeded  at  ence  to  nm 
down  the  ooaat  from  Sierra  Leone  to  Coriaco  Bay,  and  returned  to  Sierra  Leone  as  quickly 
«  poisible.  Ilie  whole  Diflf.  Long,  between  these  points,  as  measured  in  both  nms,  agreed 
mtUnl*. 

t  Captain  R.  Owen  remarks,  that  most  of  his  duonometera  took  thus  a  jump  of  one  or 
bro  seconds  in  the  daiW  rate,  more  than  onoe  during  his  surreys  in  the  West  Indies.  Oth« 
oflicen  have  made  nmuar  remarks. 
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value  can  obviously  be  formed  if  the  observer  knot's  his  observation.^ 
by  their  general  result  only. 

1.  At  Sea. 

[1.]  Above  the  Sea  Horizon, 

534.  The  instrument  must  be  vibrated  or  swung,  so  that  the 
image  may  skim  the  horizon,  for  the  altitude  must  be  measured  to 
the  point  vertically  under  the  body,*  No.  487, 

636.  When  the  altitude  is  above  60°,  it  may  be  observed  both 
from  the  opposite  point  of  the  horizon  and  from  that  under  it,  by 
the  common  sextant.  Half  the  difference  of  the  two  readings  is  the 
apparent  zen.  dist.  No.  432.  By  this  means  the  dip,  with  the  un- 
certciinty  to  which  it  is  liable,  and  the  index  error,  are  removed. 
As  the  apparent  dip  is  always  uncertain,  and  as  the  rules  given  in 
No.  208,  though  generally  true,  do  not  always  hold  good  for  small 
differences  of  temperature,  it  will  be  advisable,  whenever  precision  is 
required,  to  attend  to  this  consideration. 

636.  It  is,  in  general,  taken  for  granted  that  the  dip  is  in  the 
same  state  all  round  the  horizon. 

This  supposition  M.  Arago,  in  discussing  the  observations  made 
by  Sir  E.  Parry  in  his  first  polar  voyage,  l3y  Capt.  B.  Hall  in  the 
Cfhina  Sea,  and  by  M.  Gauttier  in  the  Mediterranean  and  Black  Seas, 
thinks  there  is  no  reason  to  doubt.     ("  Conn,  des  Tems,"  1827.) 

Capt.  Pitzroy  found  however  a  difference  of  1 6'  on  one  occasion  ; 
and  Capt.  Bayfield  informs  me  that  he  has  often  observed  the  dip 
not  to  be  the  same  all  round  the  horizon,  more  particularly  on  the 
coast  of  Labrador  and  in  the  Straits  of  Belleisle,  where  currents  of 
unequal  temperature  prevail.     See  also  note  *,  p.  178. 

When  circumstances  allow,  alts,  should  accordingly  be  observed 
at  opposite  points  of  the  horizon.  The  mean  of  two  alts,  in  such 
cases  may  not,  indeed,  be  exactly  true,  but  it  is  probably  nearer  the 
truth  than  one  of  them  alone  might  be.  For  the  same  reason  it  is 
advisable  to  select  stars  on  opposite  bearings. 

When  both  the  alt.  and  its  supplement  are  thus  measured,  and 
the  alt.  is  in  a  state  of  change  (as  will  always  be  the  case  except 
when  the  object  is  on  the  meridian),  the  time  must  be  noted  at  each 
of  the  two  contacts ;  and  the  half  difierence  of  the  alt.  and  its  suppL 
is  the  apparent  zenith  distance  of  the  centre  corresponding  to  the 
mean  of  the  times. 

When  the  altitude  is  below  60^  a  sextant  of  additional  powers,  or 
a  circle,  is  in  general  necessary  for  this  observation.   (See  No.  604.) 

637.  When  the  altitude  of  a  body  is  near  90®,  it  is  proper,  before 
attempting  to  bring  down  the  reflected  image,  to  ascertain,  by  re- 

*  When  the  4th  Adjustment,  No.  495  (3),  b  not  perfect,  we  look  at  a  |>oint  of  the 
horizon  not  directly  under  the  snn.  Hence  a  tube  should  be  used  to  insure  the  eye  and  the 
contact  of  the  images  being  at  equal  distances  from  the  plane  of  the  instrument.  On  the 
same  ground,  Dr.  Maskelyne  recommends  the  observer,  when  without  a  tube,  to  turn  on  lus 
heel  while  causing  tlie  image  to  skim  the  horizon.     (Nautical  Almanac,  1774.) 
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fereaoe  to  the  zenith,  or  the  compass,  the  precise  point  over  which 
the  body  is  vertical. 

538.  When  fog  obscures  the  sea-horizon  from  the  deck,  a  new 
borizon  may  often  be  obtained  by  descending  the  ship  s  side,  or  from 
a  boat.     See  No.  550,  note. 

539.  When  the  limbs  of  the  sun  or  moon  are  indistinct,  altitudes 
of  the  centre  are  obtained  by  bisecting  the  hazy  or  cloudy  disc  upon 
the  horizon.* 

640.  In  obserring  the  moon's  altitude  there  is  a  choice  of  the 
upper  or  lower  limb  when  she  is  at  the  full,  and  also  when  the  line 
of  cnsps,  or  horns,  is  vertical.  At  other  times  her  illuminated  limb, 
whether  it  be  the  upper  or  lower  one,  must  be  brought  down  to  the 
horizon. 

Mistakes  may  arise  in  observing  the  moon's  altitude  at  sea  by 
night.  When  the  sky  under  the  moon  is  unclouded,  the  upper  edge 
of  the  illuminated  part  of  the  sea  is  the  horizon ;  but  at  other  times, 
long  dark  shadows  are  projected  on  the  water,  which  render  it  dif- 
ficiilt,  and  sometimes  impossible,  to  discern  the  horizon. 

When  the  moon's  alt.  and  its  supplement  are  both  measured,  if 
she  is  full,  or  if  the  line  of  cusps  is  vertical,  her  alt.  mav  be  observed 
as  directed  in  No.  535.  But  m  other  cases  the  same  limb  must  be 
referred  to  the  point  of  the  horizon  under  her  and  to  that  opposite ; 
half  the  difference  is  then  the  app.  zen.  dist.  of  the  limb  observed, 
and  the  semidiameter  must  be  applied  accordingly. 

When  the  horizon  under  the  moon  is  unfavourable  for  observa- 
tion, and  the  supplement  of  the  alt.  alone  is  employed,  correct  the 
angle  observed  for  index-error  and  dip,  take  the  suppl.  of  the  result 
to  180^,  and  apply  the  semidiameter  as  to  the  alt.  taken  directlv. 

541.  The  obscurity  of  the  sea-horizon  in  a  dark  night  renders  it 
difficult  to  observe  the  altitudes  of  stars  or  planets ;  but  in  the  twi- 
light, when  the  sky  is  clear,  the  boundary  of  the  sea  exhibits  a  stronfi^ 
dark  edge,  most  favourable  for  observation. 

The  chief  obstacle  to  observing  at  night  is,  however,  the  difficulty 
of  reading  off,  which  is,  in  general,  at  sea,  excessively  troublesome. 

When  the  alt.  of  a  star  or  a  planet  is  measured  both  from  the 
horizon  under  it  and  opposite  to  it,  half  the  diff.  of  the  two  angles  is 
the  app.  zen.  dist.  If  the  supplementary  arc  alone  is  empToved, 
correct  it  for  index-error  and  dip ;  the  supplement  of  the  result  is 
the  apparent  altitude. 

542.  When  a  telescope  is  used  the  unemployed  eye  must  be 
dosed,  but  \vhen  the  plain  tube  is  used  it  should,  when  convenient, 
be  kept  open,  because  the  image  being  seen  by  both  eyes  under  the 
tame  magnitude,  one  assists  the  other. 

This  should  be  practised  in  observing  stars  at  night. 

La  Caille  recommends  keeping  the  eye  some  minutes  in  complete 

^  Ml.  Fisher  teUs  me  that  he  has  repeatedly  employed,  with  complete  success,  altitudes 
e#  the  soo  ftdndy  seen  throogh  watery  donds,  when  those  who  had  beoi  used  to  depend 
solely  upon  the  perfectly  defined  d\$e  had  despaired  of  an  ohtervation  altogether.  In  snch 
cases  the  altitudes  have  not  greatly  differed  from  each  other,  and  the  mran  of  sereral  has  been 
quitr  equal  to  an  ordinary  ohserration  of  the  Umb. 
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darkness  before  observiDg  stars  at  night.  (Gn^pratte,  **  Probldmes 
d'Astron.  Naut."  &c.,  torn.  i.  p.  20,  18:^9.) 

64*3.  Different  powers  suit  different  eyes.  Too  low  a  power 
does  not  magnify  enough ;  too  high  a  one  makes  it  difficult  to  keep 
the  object  in  the  field  on  the  least  motion  of  the  instrument.  The 
observer,  therefore,  will  employ  those  powers  only  in  which  the 
advantage  gained  by  a  larger  image  exceeds  the  disadvantage  of 
increased  unsteadiness. 

A  plain  tube,  however,  should  be  used  in  all  other  cases,  both  for 
directing  the  sight  to  the  proper  point  of  observation,  and  for  defence 
against  disturbing  lights. 

544.  All  observed  angles  are  vitiated  by  the  errors  of  the  instru- 
ment enumerated  in  the  last  Chapter,  Nos.  495,  498,  and  499. 
Again,  each  observer  has  in  general  some  peculiarity  in  the  manner 
of  observing,  or  in  the  quality  of  the  eye  itself,  which  gives  rise 
to  a  personal  error,  the  correction  for  which  is  called  the  personal 
equation.     No.  175. 

545.  Besides  these  errors,  altitudes  tak-^ti  at  sea  are  subject  also 
to  others  which  change  with  circumstances. 

1st.  The  running  of  the  waves  causes  the  horizon  to  be  in  con- 
tinual motion ;  2d.  The  rise  and  fall  of  the  observer,  both  from  the 
lifting  of  the  vessel  by  the  waves,  and  by  her  rolling,  cause  the  dip 
to  be  in  continual  change. 

The  effects  of  these  alternating  motions  will,  in  taking  two  or 
three  altitudes,  in  part  disappear. 

dd.  The  place  of  the  visible  horizon  changes  with  the  tempera- 
ture of  the  sea  and  the  air.  See  No.  208.*  Also,  since  the  sea- 
horizon  is  formed  by  the  eminences  of  the  waves,  it  should  be  higher 
in  bad  weatherf 

Besides  these  distinct  causes  of  error,  the  motion  of  the  ship 
disturbs  the  attention  and  efforts  of  the  observer. 

546.  The  height  of  the  eye  should  be  ascertained  with  sonic 

Srecision,  that  is,  within  two  or  three  feet,  because  an  error  in  the 
ip  causes  an  error  of  the  same  amount  in  the  altitude.  This  is  of 
most  importance  when  the  observer  is  very  near  the  water,  as  the 
dip  thei  changes  most  rapidly ;  thus,  it  appears  in  Table  30,  that  a 
change  of  three  feet  in  the  height  produces,  near  the  beginning  of 
the  table,  a  change  of  more  than  1'  in  the  dip,  but  near  the  end  only 

*  M.  Givry  obienFes  (*<Mteoire  snr  I'Emploi  des  Chronomitret/'  p.  23),  that  when 
the  sea  IB  shoal  near  the  horiaon,  the  relation  of  the  temperatures  of  the  sea  and  tiie  air  being 
diflerent  from  that  at  places  where  the  water  is  deeper,  may  produce  extraordinary  refraction: 
and  he  attributes  to  tms  cause  errors  amounting  to  8*  in  the  time  deduced  from  some  altitudes 
taken  near  the  month  of  the  J^mi,  in  ISIS,  although  circumstances  appeared  at  the  time  in 
every  respect  faTonrable  for  observation. 

M.  Girry  remarks,  ftirther,  that  extraordinary  refraction  sometimes  takes  pkoe  in  the 
ndghbourhood  of  sandy  plains,  the  heated  air  of  wiiich,  passing  over  the  sea,  produces  partial 
inequalities  of  temperature ;  and  he  adds,  that  small  undulations  in  the  horison  are  ahraya 
indicative  of  irregular  refraction. 

t  It  is  stated,  **  Voyage  antonr  du  Monde,"  1840,  by  M.  Du  Ftotit  Thenars,  in  Che 
Venus  French  frigate,  that  the  observations  shewed  this.  It  is  probable,  however,  that  the 
errors  of  observation  due  to  the  motion  would,  in  general,  fkr  exceed  that  due  to  the  above 
cause. 
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4".  An  altitude  observed  at  the  top  of  a  heavy  sea  will  differ  consi- 
derably from  another  taken  at  or  below  the  mean  level.* 

If  the  altitude  be  observed  above  the  deck,  as  in  the  top  for 
instance,  the  horizon  will  appear  better  defined,  and  the  variations 
of  the  dip  by  the  ship's  motion  will  be  less  sensible ;  also  the  dif- 
ference of  temperature  of  the  sea  and  the  air  appears  to  affect  the 
place  of  the  visible  horizon  less  as  the  observer  is  more  elevated. 
Hence  it  would  appear  that  altitudes  should  be  taken  from  aloft  when 
convenient. 

647.  Some  observations  on  the  heiehts,  distances,  and  velocities 
of  waves  have  been  put  on  record  of  late  years.  Sir  G.  6rey,t  in 
his  voyage  home  from  Australia  in  1837-8,  obtained  numerous 
measures  of  the  distance  and  velocity  of  waves,  amongst  which  are 
the  following : — 


IMflt  IS  I  ft.  Yd.  14I  Naut.  iiulef« 
178  187 

201  12*5 

205  20'6 


Diet.  211  ft.  Yd.  19*5  miles. 
234  20*5 

326  22 

338  28 


Lieut.  Wilkes  C^U.S.  Exploring  Expedition")  found  the  highest 
waves  in  a  heavy  sea  off  Madeira  from  14  to  26  feet  high,  and  their 
velocity  23  miles  an  hour ;  and  at  another  time  and  place,  with  a 
remarkably  high  and  regular  sea,  32  feet,  with  a  velocitv  of  26  miles. 

The  highest  waves  observed  by  Sir  Jas.  C.  Ross,  in  the  North 
Atlantic,  were  36  feet  high.  The  highest  sea  seen  by  M.  Lazarev,  in 
the  Russian  Expedition  of  Admiral  Bellingshausen,  1819,  was  in 
56^  S.  and  103^  E.,  but  he  does  not  state  the  height. 

In  the  Kaut.  Mag.  1848,  p.  228,  are  the  following  observations 
taken  near  the  Cape  of  Good  Hope : — 

Height  17  f.      Dist.  35    &th.     Yd.  22  miles. 
20  43  to  50  24 

22  55  to  57  26  to  27 

648.  When  the  spectator  nears  or  recedes  from  the  celestial 
bodv»  by  the  progress  of  the  ship,  the  effect  produced  on  the  altitude 
js  the  same  as  that  of  a  motion  in  the  body  itself,  since  exactly  the 
same  appearances  result  from  the  motion  of  either  while  the  other 
remains  fixed.  Accordingly,  in  all  observations,  in  which,  from  the 
sensible  change  of  altitude,  the  time  reauires  to  be  noted  at  each 
sight,  the  progress  of  the  ship  is  included  in  the  observed  change  of 
altitude;  and  the  plcux  to  which  the  observation  corresponds  is  that 
at  which  the  ship  was  at  the  mean  of  the  times. 

*■  Hie  height  of  wwres  is  aseertained  by  placing  one's  self  at  such  a  height  on  the  Teasel, 
or  her  rigging,  that  the  tops  of  the  high^  waves  which  pass  near  the  ship  may  be  seen  on 
with  the  distant  well-defined  bnrison,  at  the  instant  when  the  ship  is  at  the  bottom  of  the 
hollow  between  two  heavy  seas.  The  height  of  a  wave  thus  observed,  that  is,  the  diflfiqrenoa 
of  level  between  the  summit  and  the  bottom  of  the  hollow  (which  difference  is  i%oiee  the 
he%ht  of  the  summit  above  the  mmn  lev€l)t  is  very  nearly  the  height  of  the  eye  above  the 
bottom  of  the  same  hollow,  the  ship  at  the  instant  of  observation  being  upright.  The  dis- 
tance is  measured,  when  before  the  wind,  by  a  line  with  marks  on  it. 

t  Governor  of  New  Zealand.  I  am  indebted  to  the  author  for  these  observations,  of 
whiHi  I  find  a  few  only  reduced  for  the  course  and  rate  of  sailing  of  the  ship. 
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[2.]  AUiiudei  above  the  Shore  Hori»m* 

649.  It  often  happens  that  the  horizon  is  concealed  by  the  inter- 
vention of  land,  while  the  level  surface  of  the  water  marks  on  the 
sliore  a  distinct  horizontal  line,  which  is  a  substitute  for  the  sea- 
horizon,  and  is  called  a  shore- horizon. 

When  the  distance  of  the  shore-horizon  is  known,  cTiter  Table  36 
with  this  distance  and  the  heiglit  of  the  eye,  and  use  the  correction 
therein  instead  of  the  dip  in  Table  30. 


Ex.  From  the  height  lo  feet,  ohserred 
a  merid.  alt.  28^  18',  ahove  a  shore-horizon, 
1  miles  and  a  quarter  distant. 


Alt  i8  18' 

Corr.  —  7 


Alt.  corrected  for  dip        a8    xi 

650.  When  the  distance  of  the  shore-horizon,  or  water-line,  is 
not  correctly  known,  it  may  be  found  by  means  of  two  altitudes,  the 
one  being  observed  from  the  deck,  and  the  other  as  high  as  possible, 
at  the  same  time. 

Divide  the  difference  of  the  heights  in  feet  by  the  number  of 
minutes  in  the  diff.  of  alts. ;  the  quotient  is  the  number  of  feet  sub- 
tending an  angle  of  1'  at  that  distance.  Look  in  Table  9  for  this 
number  of  feet,  and  the  corresponding  distance  is  the  dbtance 
required. 

Ex.  An  ohserrer,  at  the  height  of  91  feet  above  the  sea,  obsenred  the  sun's  alt.  41^  3/ 
aboTe  the  water-line  of  the  sea ;  another  observer,  at  the  height  of  11  feet,  obeerred  it  41^  25': 
find  the  distance  of  the  water-line,  and  correct  the  alt.  for  dip. 

The  diif.  of  the  heights,  69  feet,  divided  by  i%  (the  minutes  in  the  diff.  of  alts.),  gives 
5*7  feet,  which  answers,  in  Table  9,  to  3  miles,  the  Dtst.  required.  Tlien  the  cor.  in 
Table  35  tu  3  miles,  and  height  22  feet,  is  $',  which  subtracted  from  the  alt.  taken  at  2a  feet, 
gives  41®  20',  the  Alt.  corrbctsd  fok  Dip. 

But  as  this  result,  like  the  preceding,  becomes  uncertain  when 
the  distance  is  very  small,  it  is  always  advisable  in  such  cases  to  en- 
deavour to  find,  by  descending,  a  natural  horizon.* 

2.   Observing  Altitudes  on  Shore 

651.  Altitudes  are  well  observed  above  the  sea-horizon  from  a 
hill  or  cliff  of  known  height.  Nos.  544,  &c.  apply,  with  certain 
obvious  exceptions,  to  altitudes  of  this  kind  taken  on  shore. 

652.  In  taking  the  altitude  of  the  lower  limb  in  the  quicksilver, 
the  loxoer  limb  of  the  object  is  made  to  touch  the  uyper  limb  of  the 
image  in  the  Quicksilver,  as  reflection  inverts  the  object.  In  taking 
the  altitude  or  the  upper  limb,  the  image  of  the  body  is  in  like 
manner  brought  below  the  quicksilver  image  altogether.  Hence, 
when  the  sun  is  rising^  and  the  lotoer  limb  is  observed,  the  images 
are  continually  separating;  but  when  the  upper  limb  is  observed, 
they  are  continually  overlapping ;  and  the  contrary  when  the  sun  is 
falling. 

It  is  useful  to  attend  to  this,  as  it  is  sometimes  doubtful,  especially 
with  the  inverting  telescope,  which  limb  was  observed. 


*  This  is  the  practice  recommended,  on  his  own  experience  hj  Dr.  Scoresbj,  "  Voyage 
to  the  Northern  Whale  Fishery,  1822,  London,"  p.  441 
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6S3.  It  18  advisable,  whea  circumstances  permit,  to  move  the 
index  a  little  too  much,  whether  forwards  or  backwards,  and  clamp- 
iBg  it,  to  wait  the  iastant  of  contact  while  the  instrument  is  in  a  state 
of  repose,  in  preference  to  making  the  contact  by  moving  the  tangenl 
screw  up  to  the  instant  of  observation,  because  the  material  always 
springs  more  or  less.  Again,  moving  the  tangent  screw  diverts  a 
portion  of  the  attention  which  should  be  devoted  to  the  contact  alone. 
At  sea  this  is  rarely  practicable  in  any  observation  on  account  of  tbe 
motion  of  the  ship. 

554.  Tbe  roof  of  the  quicksilver  should  be  reversed  at  each  set  of 
three  or  five  altitudes,  in  order  to  remove  the  effects  of  errors  in  the 
glasses;  one  face  is  accordingly  marked  A  and  the  other  B,  and 
these  letters  marked  against  the  altitudes. 

The  roof  should  obviously  be  used  only  when  it  cannot  be 
dispensed  with. 

655.  A  stand  for  the  sextant  or  circle,  on  shore,  is  a  great  con- 
venience, and  allows  a  higher  power  to  be  used ;  practice  is,  however^ 
necessary,  in  order  to  derive  the  full  advantage  from  it. 

566.  The  accuracy  with  which  a  set  of  altitudes  has  been  ob- 
served may,  in  part,  be  inferred  from  their  agreement  with  each 
other.  For  since  the  change  of  altitude  in  small  intervals  of  time  is 
nearly  proportional  to  the  intervals  (unless  the  object  is  near  the 
meridian),  any  considerable  irregularity  must  be  a  consequence  of  an 
error  of  observation. 

The  comparison  of  the  differences  of  altitude,  with  their  respective 
intervals,  may  easily  be  made  by  means  of  tbe  Traverse  Table,  ar  in 
the  following  example : — 


Ex.    Obsonred  altitndeB  of  Arctnras  in  the  artUkial  borixon* 


Time     lo*    5"  43* 
10      8    17 
10    II    29 
10     14    ftO 


Diff. 
a"  34» 

3    « 
%    51 


Alt.     78®  59'  20' 

78    14  30 

77    17  30 

76    33  40 


45' 

57 

44 


In  Tkble  2,  2"  34",  or  154",  as  D.  Lat.,  correspoads  to  44  as  Dep.  at  i6^  On  the  same 
page  3"  12*,  or  192*,  as  D.  Lat,  corresponds  to  55  as  Dep.,  which  is  near  enough.  2"  51*, 
or  171*,  as  D.  LaL,  corresponds  to  Dep.  49,  the  Diff.  44'  is  therefore  in  error,  and  the  3d 
alt.  about  5'  too  great. 

557.  Several  altitudes  are  taken  in  immediate  succession,  on  the 
supposition  that  they  are  liable  to  errors  of  opposite  kinds ;  for,  in 
this  case,  if  one  altitude  be  observed  a  little  too  great,  and  another  a 
little  too  small,  the  mean  of  the  two  will  be  nearer  the  truth  than 
either  of  them  separately;  and  thus,  by  increasing  their  number, 
the  effects  of  irregularities  of  observation  will  be  much  diminished 
in  the  general  result. 

558.  But  if  the  portion  of  time  during  which  the  altitudes  are 
taken  be  too  long,  an  error  of  a  new  kind  will  arise  from  the 
nnequal  yariation  of  the  altitude  itself,  which  never,  strictly  speak- 
ing, varies  at  the  same  rate  at  the  beginning,  middle,  and  end  of  an 
interval. 

If  a  scries  of  alts.,  at  observed  equal  intervals  of  time,  be  cleared 
of  eTTOTB^  anJ  the  differences  between  them  be  taken  in  succes- 
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sioD,  these  differences  will  generally  afford,  in  like  manner,  differ- 
ences among  themselves,  which  are  called  second  differenee$  ;  and  if 
the  observations  be  prolonged,  third  differences  will  appear,  and  so 
on.  When  the  2d  diff.  is  insensible,  \  the  snm  of  2  alts.,  or  \  the 
sum  of  3  alts.,  or  }  the  sum  of  6  alts.,  corresponds  exactly  to  the 
middle  of  the  time  occupied  in  the  observation ;  but  when  the  2d 
diff.  is  considerable,  the  arithmetical  mean  is  in  error  by  a  quantity 
which  is  as  follows : — 

The  half  sum  of  two  alts,  at  the  beginning  and  end  of  the  interval 
differ  from  the  alt.  proper  to  the  middle  instant  of  the  interval  by  \ 
of  the  2d  diff.  proper  to  the  whole  intervaL  The  third  of  the  sum 
of  the  three  alts,  at  the  beginning,  middle,  and  end  of  the  interval, 
differs  from  the  same  alt.  by  ^^  of  the  whole  2d  diff. ;  and  the  fifth 
of  the  sum  of  6  alts,  at  four  equal  intervals,  by  y^  of  the  2d  diff. 

Ex.    Lat.  5 1**  30'  N.    Dccl.  aa*»  10'  N. 

Hour- Angles.        Alts.  DiiT.       2d  Diff. 

1st.         o«»i6"o*       60°  40'    8* 


2d.  o  10  o  60  34  35  1  ]\  1'  10" 

3d.  o  04  o  60  27   5a  -  t?  '  '* 

4th.  o  18  o  60   19   58  X  I  12 

5th.  o  3a  o  60   10  52  ^ 


The  mean  2d  Diff.  is  x'  1 1"  for  4"  ;  hence,  as.  the  2d  Diff.  varies  as  tiie  square  of  the 
intenral  (that  is,  is  4  times  greater  when  the  interval  is  doubled,  9  tunes  greater  when  it  is 
trebled,  and  so  on),  the  whole  2d  Diff.  for  16"  is  4  times  4,  or  x6  times  1'  11",  winch  is 
18'  56".  Then  the  mean  of  the  1st  and  5th  Alts,  is  6o<*a5'3o'',  which  differs  from  the 
3d  Alt.  by  a'  aa",  or  i-8th  of  18'  56". 

The  mean  of  the  Ist,  3d,  and  5th  Alts,  is  60**  a6'  x8",  which  differs  fhnn  the  3d  by  i'  35", 
or  i-iathof  18' 56". 

The  mean  of  the  5  Alts,  is  6o*'a6'4i",  which  differs  firom  the  Sd  by  i'  11'',  mr  i.x6th  id 
18' 56".. 

The  error  cannot  be  materially  diminished  by  further  increasing 
the  number  of  alts. 

The  correction  for  this  error  cannot  be  given  in  a  concise  and 
convenient  form.*  But  in  practice  the  intervals  are  not  ezactlv 
equal;  and  even  if  they  should  be,  the  errors  of  observation  will 
often  conceal  the  2d  diff.  When,  therefore,  from  circumstances, 
altitudes  can  be  obtained  only  at  considerable  intervals,  it  is  proper 
to  deduce  a  separate  result  from  each. 

The  2d  diff.  of  alt.  disappears  in  two  cases  :  1st,  when  the  object 
is  E.  or  W. ;  2d,  when  its  motion  is  vertical. 

659.  The  effect  of  the  elevation  of  the  spectator  upon  the  altitude 
observed  in  the  quicksilver,  is  insensible  in  practice,  since,  even  in 
the  case  of  the  moon,  an  elevation  of  a  mile  does  not  produce  a 
change  of  1^  in  her  horizontal  parallax. 

*  The  diange  of  altitude  in  a  rery  small  portion  of  time  depends  on  the  latitude,  and  on 
tiie  azimuth  of  the  object  (see  No.  669) ;  but  the  2d  Diff.,  or  nariaihn  of  the  change  of  alt., 
which  becomes  oonspieuoos  in  a  longer  interval,  depends,  further,  npon  the  altitude  itmUL 
To  eihibit  this  oorxection,  therefore,  a  table  of  treble  eniry  would  be  required. 
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11.  Observations  with  and  without  Assistants. 

560.  When  the  arc  observed  is  in  a  state  of  continual  change^ 
the  quantity  measured  corresponds  to  a  particular  instant  of  time 
When,  therefore,  the  complete  observation  consists  of  various 
elements  whose  measures  are  required  at  the  same  instant,  either 
the  observer  must  have  assistance,  or  he  must  himself  obtain  the 
several  measures  in  succession,  and  these  must  be  reduced  afterwards 
to  the  same  insCaat  by  calculation. 

When  two  or  more  altitudes  at  sea  are  required  at  the  same 
instant,  assistants  have  been  employed  to  observe  them.  The  impro- 
priety of  this  custom  will,  however,  appear  on  considering  the  nature 
of  the  errors  of  altitude  (No.  645);  for  it  is  obviously  impossible  for 
an  observer  to  keep  the  motion  of  the  index  so  exactly  adjusted  to 
the  irregular  and  often  violent  motion  of  the  ship,  as  to  be  able  to 
seize  the  altitude  at  command. 

561.  The  assistant  is  useful  chiefly  in  noting  the  time.  An  ob- 
fiervation  of  a  set  of  altitudes,  with  their  times,  for  example,  is  con- 
ducted as  follows : — 

(1.)  The  observer  sets  the  index  to  the  estimated  alt.  (No.  492), 
about  4  of  a  minute  before  he  expects  to  complete  the  contact,  he 
cries,  *'  I>ook  out!**  at  the  instant  of  contact,  he  cries,  ^'Stop  !*'  on 
which  the  assistant  writes  down  the  second,  the  minute,  and  the 
hour.  The  observer  then  reads  off  the  degree,  minute,  and  division 
of  the  seconds,  as  10^',  20^^,  30^',  &c.,  which  the  assistant  writes 
down.  Three,  five,  or  more  altitudes  make,  generally,  a  set  of 
sigkts. 

When  the  assistants  have  watches  shewing  seconds,  each  takes 
his  altitudes  at  leisure,  and  the  whole  is  reduced  to  the  same  instant 
by  calculation. 

(2.)  The  times  are  then  added  together,  and  the  sum  divided  by 
the  number  of  alts.  The  alts,  are  then  in  like  manner  added  toge- 
ther, and  the  sum  divided  by  their  number  is,  when  the  second 
di&rence  is  not  considerable  (No.  558),  the  alt.  corresponding  to 
the  mean  of  the  times.  When  the  number  of  alts,  is  odd,  and  the 
intervals  are  nearly  equal,  the  means  will  not  differ  much  from  the 
middle  time  and  its  corresponding  altitude. 

562.  When  two  sets  of  observations  are  taken  by  different  per- 
sons, nearly  at  the  same  time,  they  are  reduced  to  the  same  instant 
thus : — 

The  difference  or  change  of  altitude  (or  other  angular  measure) 
in  the  time  occupied  by  the  observation  is  given ;  then  the  interval 
between  the  given  mean  of  the  times,  and  that  to  which  it  is  pro* 
posed  to  reduce  the  observation,  being  found,  the  quantity  to  be 
applied  to  the  altitude  is  determined  by  proportion.  For  accuracy, 
tne  change  of  alt.  must  be  properly  computed  by  No.  669  or  671. 

563.  The  observer  should,  however,  take  the  whole  observation 
himself,  and  he  will  then  learn  to  estimate  his  results  at  their  real 
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value,  of  which  he  can  be  no  judge  when  they  are  taken  by  other 
persons. 

When  the  observer  takes  his  own  time,  he  holds  his  watch  in  his 
hand,  or  places  it  either  where  he  can  obtain  sight  of  it  readily,  or 
where  he  can  bear  it  tick  plainly.  In  the  latter  case,  the  first  beat 
after  the  instant  of  contact  he  counts  1,  the  next  2,  &c.;  then,  looking 
at  the  watch,  he  counts  on  till  the  second  hand  arrives  at  a  marked 
number  of  seconds,  as  10,  15^  &c. ;  he  then  writes  down  these 
seconds,  and  after  them  the  number  of  beats  counted,  to  be  sulh 
traded. 

If  the  observer  can  count  10  or  20  seconds  without  an  error  of 
more  than  1*  or  2^,  he  may  put  the  watch  wherever  it  is  most  conve- 
nient to  inspect  the  face,  and  thus  avoid  the  principal  difficulty  in 
taking  the  entire  observation  himself,  especially  at  night. 

He  then  reads  off  the  alt.,  and  sets  it  down. 

The  sum  of  the  beats  is  to  be  deducted  before  the  mean  of  tha 
times  is  taken. 

Most  watches  beat  6  times  in  2^,  or  each  beat  counts  0^4. 


Elz.  After  the  instant  of  oontactt  14 
beats  are  oonnted ;  the  second-hand  is  then 
at  30*,  the  min.  42,  and  the  hour  10,  and  so 
on,  as  follows  :— 


10b  42*30*    subtract    i4beati. 
10  44  10  31 

10    46       O  II 

13a  40  57 

— ta*8  (oorrea.  to  57  bealk) 


3)     13a    i7't 
Mean  10  44     5*7 


IIL  Employment  op  the  Hack  Watch. 


564.  This  is  a  portable  chronometer,  or  good  watch,  used  for 
observation,  to  save  movinff  the  standard  chronometer.  Since  the 
watch  and  chronometer  will  not  in  general  go  exactly  together,  they 
must  be  compared  both  before  and  after  observation,  in  order  to  find 
what  time  the  chronometer  shewed  when  the  observation  was  taken  • 
Thus, 

Within  6  or  10  seconds  of  a  whole  minute  by  the  watch  the 
observer  tells  the  assistant  to  ''  look  out*'  on  the  chronometer.  At 
the  minute  he  cries  *'Stop!"  when  the  assistant  writes  the  times, 
and  takes  their  differences.  This  should  be  repeated  two  or  three 
times,  and  the  mean  result  employed.  The  observer  can  compare 
alone,  by  counting  the  beats  of  the  chronometer  till  the  expiration  of 
the  minute. 

If  the  difference  between  the  watch  and  the  chronometer  be  the 
same  before  and  after  observation,  the  time  of  observation  by  the 
chronometer  is  at  onoe  deduc'^d  from  that  by  the  watch;  if  not,  a 
correctian  must  be  applied,  a^  in  the  following  example  :^ 
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BtAm  Obi.  Aflcr  Obi.  Interrak. 

Watdi        3*11"  o»      4^    3*  o»      o>»  5»*  q» 

Chxon.      lo  31   i8'4 11   23   ai-y     o   5a     3-3 

Diff.      7  zo   i8'4  7   20   21*7  3*3 

Tune  of  obienralion  by  watch,  3^  32"*  37*:  required  the  time  of  do.  by  chron. 

The  watch  here  has  lost  3*'3  on  the  chron.  in  sa"*.  The  observation  taking  place  2 1™  37* 
by  watch,  after  the  first  oomparison»  we  have  52""  1 3**3  ::  21"  37* ;  1**4,  the  I099  of  the  watdi 
00  the  chron.  at  the  time  of  obsenr. ;  this,  added  to  21'"  37%  gives  21'**  38**4,  which,  added 
to  10*  31"  i8«-4,  gives  10^  52*  56«'8,  the  Time  bt  Chron.  required. 

665.  When  the  times  by  watch  are  separated  by  considerable 
internals,  and  the  rate  of  the  watch  is  large,  each  time  may  require 
to  be  thus  corrected  for  its  proper  gain  or  loss. 


IV,    Finding  the  Stars. 

666.  The  most  conspicuous  stars  have  been  designated,  from 
remote  antiquity,  by  names;  besides  which,  the  stars  in  each  con- 
stellation or  group  are  distinguished,  for  reference,  by  letters  and 
numbers.  The  letters  chiefly  used  for  this  purpose  are  the  small 
letters  of  the  Greek  alphabet,  which,  with  their  names,  are  written 
as  follows: — 

f  phi 
m  omega 

567.  In  finding  any  star  in  the  heavens,  it  is  necessary  to  refer  to 
some  one  star  or  constellation  as  known :  the  Great  ^bear,  called 
also  by  the  Latin  name  Ursa  Majors  a  constellation  of  the  figure 
shewn  below,  in  the  northern  part  of  the  heavens,  and  consisting  of 
fleven  principal  stars,  is  the  most  convenient  for  the  purpose. 

Pole  StuT» 

9k 


MS^ha 

{seta 

X  lambda 

IT  pi 

6  beta 

iieta 

^mu 

ero 

#theta 

f  nu 

r  Sigma 

Idelta 

1  iota 

(ksi 

r  tan 

itptSkm 

•  kappa 

•  omicron 

»  upsilon 

7 
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The  two  stars  a  and  /3  point  nearly  to  the  Pole  Stab  (or  Polaris)^ 
and  are  hence  called  the  Pointers.  This  f^tar  will  not  easily  be  mis* 
taken,  as  it  appears  always  in  the  same  place. 

A  line  from  Polaris  through  n  (the  last  of  the  tail)  passes,  at  31^ 
beyond  ij,  flirough  Arcturus,  one  of  the  brightest  stars. 

A  line  drawn  from  Polaris  perpendicular  to  the  line  of  the 
Pointers,  and  on  the  opposite  side  to  the  Great  Bear,  passes,  at  48^ 
distance,  through  Capella,  one  of  the  brightest  stars. 

In  this  same  line,  about  the  same  distance  on  the  opposite  side  of 
the  pole,  is  a  Lyrce^  or  the  bright  star  in  the  Harp,  called  also  Veya^ 
and  also  by  seamen  Lyra,  a  large  white  star. 

At  one- third  of  the  distance  from  Arcturus  to  a  LyrtB  is  Alphacca, 
the  brightest  of  a  semicircular  group  called  the  [Northern  Crown 
(Corona  Borealis), 

A  line  drawn  from  d  (the  faintest  of  the  seven  above)  through 
Polaris^  passes  through  the  constellation  of  Cassiopeia. 

About  23^  to  the  eastward  of  a  Lyra^  and  about  the  same  dis- 
tance as  this  star  from  Polaris^  is  the  bright  star  in  the  Swan  (or 
«  Cygni). 

A  line  from  Polaris  passing  between  this  last  and  a  Lyra^  pro- 
duced to  an  equal  distance  beyond  them,  passes  through  Altair 
(a  AquiUB)y  a  bright  star  between  two  small  ones,  the  three  lying  in 
the  direction  of  a  LyrtB. 

The  line  of  the  Pointers,  carried  through  the  pole  to  about  62^ 
beyond  it,  passes  through  pPegasij  called  also  Scheat^  and  about  13^ 
further,  through  Marcab  {a  Pegasi), 

A  line  from  Polaris^  drawn  between  Capella  and  a  star  near  it  to 
the  eastward,  passes  to  the  westward  of  the  constellation  Orion.  The 
two  northern  stars  of  the  four  at  the  corners  are  the  shoulders,  the 
northernmost  of  which  is  Betelouese,  or  a  Orionis.  The  brightest 
of  the  two  southern  stars,  the  feet,  is  called  Rioel.  In  the  middle 
are  three  small  stars  forming  the  belt,  the  northernmost  of  which  is 
nearly  on  the  equator. 

About  25^  to  the  northwestward  of  the  belt,  and  not  far  out  of 
the  direction  in  which  it  points,  is  ALDEBARAf^,  which  may  be  known 
by  its  red  colour. 

A  line  from  Aldebaran  through  the  belt  passes,  at  about  20^  on 
the  other  side,  through  Sirius,  the  brightest  of  the  stars. 

Siritis,  the  eastern  shoulder,  and  Procton  (to  the  northward  of 
Sirius  and  eastward  of  Orion),  form  an  equilateral  triangle. 

Nearly  midway  between  Orion  and  the  Great  Bear  arc  the  Twins, 
Castor  and  Pollux  (the  southern  and  brightest),  about  4^  apart. 
The  line  from  Polaris  to  Procyon  passes  between  them.   . 

A  line  from  Rigel  through  Procyon  passes,  at  an  equal  distance 
beyond,  to  the  northward  of  Regulus.  d  and  y  Urs.  Maj.  serve  as 
pointers  for  Heguvus. 

A  line  drawn  from  Procyon  through  i2e^«%/t^-,  at  iiearly  an  equal 
distance  beyond  it,  passes  through  /S  Leonis^  or  Deneb. 

A  line  from  d  IJrs,  Maj,  through  ReguluSy  passes,  at  30^  beyond, 
through  Cor  Htdrjs. 
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A  line  from  Polaris  through  (  Urs,  My.  passes,  at  7(y  distance, 
throagfa  Spica  Yirginis. 

Arctvms,  Spica^  and  Deneb,  form  an  equilateral  triangle. 

A  line  from  Regulm  through  SjAca  passes,  at  46^  distance, 
through  Antares,  a  very  bright  and  reddish  star. 

A  line  from  a  Orionis  (Betelguese)  through  Aldebaran  passes,  at 
30^  distance,  throuj^h  a  Arietis,  not  a  very  distinct  star. 

The  Southern  Uross  is  about  as  far  from  the  South  Pole  as  the 
Great  Bear  is  from  the  North  Pole;  a  is  the  foot,  and  /  the  head. 

A  line  from  Polaris  through  Marcab  passes,  at  46^  distance, 
through  FoMALHAUT,  a  very  brieht  star. 

Scheat  and  a  ANDROMBOiB,  called  also  AlpheratZj  form  the  north 
side  of  a  square ;  Marcab  and  Alobnib  the  south  side. 

AcHBRNAR,  Fomalhautj  and  Cangpus,  are  in  a  line,  and  nearly 
equidistant,  being  about  40^  apart. 

568.  When  a  few  stars  are  known,  the  rest  are  easily  found  by 
the  times  of  their  Meridian  Passages,  Table  27,  and  their  Declina- 
tions, Table  66,  as  described  in  No.  482  (8). 

A  star  may  also  occasionally  be  identified  by  means  of  its  alti- 
tude, or  azimuth,  computed  roughly. 


CHAPTER   IV. 


Subordinate  Computations. 

1.  Thb  Gbbenwich  Datb.  II.  Rbduotiow  op  the  Elbmbnts 
IN  THB  Nautical  Almanac.  III.  Convbbsion  op  Times. 
IV.  Hour-Angles.  V.  Times  op  certain  Phenomena. 
VI.  Altitudes.    VII.  Azimuths. 

669.  Such  parts  of  computations  as  are  common  to  more  opera- 
tions than  one  are  collected,  both  to  avoid  repetition  and  for  facility 
of  reference,  in  this  chapter,  which  contains  also  sonae  smaller 
computations  not  relating  directly  to  the  principal  divisions  of  the 
subject.* 


*  Certam  oomputatioiis  in  this  chapter,  though  not  of  immediate  application  in  the  pre- 
sent Tolnme,  may  be  fonnd  usefnl  for  the  pnrpoies  of  Teriilcation. 
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I.  The  Greenwich  Date.* 

1 .  Conversion  of  Arc  and  lime. 

670.  To  turn  Degrees  and  Minutes  into  Time. 

By  Inspection.— {I.)  To  the  whole  second.  Enter  Table  68  or 
69  with  the  given  arc,  and  take  out  the  hour,  minute,  and  second. 

Table  68  shews  the  time  to  the  nearest  two  seconds. 

(2.)  To  parts  of  seconds.  Take  out  of  Table  17  the  hours, 
minutes,  seconds,  and  parts  corresponding  to  the  given  degree,  min., 
and  sec 

Ex.  I.  Turn  36*  11' into  Time. 

In  Table  68,  or  69,  36^  11'  is  seen  to  be 
ai>  24m  44*  in  Tim b. 

Ex.  2.  Tom  101°  41' 45"  into  Time. 
Ans.  by  Tkble  69,  6''46"  47*  in  Tiim. 


Ex.  3.  Torn  134*'  $2' $"'7  into  Time. 

In  Table  17,  130°,       8"  40-  o» 
4  16 

51'  3  a8 

%"  06 

0-7  '05 


TiMB  repaired    8  59  28*65 

671.  By  Computation. — Maltiply  the  arc  by  4;  this  turns  the 
degrees  into  minutes  of  time,  the  minutes  (')  into  seconds  of  time, 
and  the  seconds  (^^)  into  thirds  of  time.t 

Ex.  36°  X  i'  multiplied  by  4,  is  144"*  44*,  or  1^  14"  44"  in  Txmb. 

672.  To  turn  Time  into  Decrees,  Minutes,  and  Seconds  of  Arc. 
By  Inspection, — (1.)    To   the    nearest  second   or  two  seconds. 

Employ  Table  68  or  69. 

(2.)  To  parts  of  seconds.  Take  out  of  Table  18  the  deg.,  min., 
and  sec.  corresponding  to  the  hours,  mins.,  and  sees,  of  time. 

673.  By  Computation. — Turn  the  hours  into  minutes,  and  diyide 
by  4 ;  the  quotient  is  the  deg.,  min.,  and  sec. 

Ex.  1.  1^  24"'  44*  are  144'"  44",  which,  divided  by  4,  giyes  36°  i  x'  in  Abc* 
Ex.  2.  5I'  20"  are  320",  which  divided  by  4  gives  80°  in  Ano. 

2.  Deduction  of  the  Greenwich  Bate* 

674.  The  Ciyil  Date  begins  at  midnight.  No.  480 ;  the  Astrono- 
mical Date  begins  at  noon  :  thus  the  civil  date  Oct.  1st,  3  p.m.,  is  the 
astronomical  date  Oct.  1st,  3** ;  but  1 1  a.m.  on  this  day,  civil  date,  is 
the  astronomical  date  Sept.  30th,  23**. 

In  most  cases  it  is  necessary  to  refer  to  the  astronomical  time  at 
Greenwich,  or  the  ChreenvAch  Bate,  No.  481,  because  it  is  for  the 
time  at  this  meridian  that  the  elements  of  astronomical  calculations, 
which  are  in  perpetual  change,  are  given  in  the  Nautical  Almanac. 

The  Greenwich  Date  is  always  mean  time,  unless  the  contrary  be 
expressed.  At  sea,  however,  it  is  often  convenient  to  deduce  the 
Greenwich  Date  in  App.  Time. 

*  The  term  Oreenwieh  IkU$,  naed  always  by  Dr.  Inman,  is  preferable  to  Oreeiwieh 
Time,  becanse  it  is  essential  to  note  the  day  as  well  as  the  honr. 

t  The  reason  of  these  roles  wiU  appear  on  considering  that  dividing  360*^  into  24^  gives 
ly  for  1  honr,  15'  for  1*",  and  15''  for  1* ;  and  further,  that  to  maltiply  by  60,  and  at  the 
same  time  to  dUvide  by  15,  is  the  same  as  to  multiply  by  4 ;  and  to  multiply  by  15  and  to 
divide  by  60  is  to  divide  by  4.         .  ^ 
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675.  To  find  the  Greenwich  Date  by  the  Chronometer : — 
Since  the  chronometer  is  regulated  to  Greenwich  mean  time, 
apply  the  gain  or  loss  up  to  the  time  proposed.     No  example  is 
necessary,  as  this  is  no  more  than  the  common  process  of  allowing 
for  the  error  of  a  watch. 

576.  To  find  the  Greenwich  Date  without  the  Chronometer : — 
(I.)  In  W.  Long;.     Find  the  Astron.  Date,  No. 674;  add  to  it 
the  Long,  convertea  into  time,  No.  570.     If  the  sum  amounts  to  or 
exceeds  24\  deduct  24**  and  reckon  the  time  on  the  next  day, 

Ex.  2.    Jnne  4th,  i^  18"  a.m.,  long. 
130°  W. :  find  the  Graenwick  Date. 

AstFon.  Date,  June  3d,         17^  18* 

130°,       ♦8  40 

GkbxnwicBp  Junb  4tb,    i  58 

(2.)  In  E.  Long.  Find  the  Astronomical  Date,  No.  574 ;  tubtraet 
from  it  the  Long,  in  time :  the  remainder  is  the  Greenwich  Date. 
If  the  Long,  be  greater  than  the  Astron.  Date,  add  24^  to  this  last, 
and  reckon  the  time  on  the  preceding  day. 


Ex.  1.    June  3d,  at  3I*  30"  p.m.,  long. 
31**  W.:  find  the  Greenwich  Date. 

Aatnnu  Date,  June  3d,        3^  30^ 

3i»,     +a__4 

Gbunwtcb,  Junk  3d,    $   34 


Ex.  3.    April  15th,  4^  17"  p.m.,  long. 
Astron.  Date,  15th,  4^  17* 

28^        -zUL 

GnxxNincB,  Apkil  15th,  2  25 


Ex.  4.     Dec.  3i8t,  6^  57"  a.m.,  long. 

40°  £. 

Astron.  Date,  30th,  18^  $j^ 


40°,  —a  40 


Grkxnwicb,  Dxc.  30th,  16   17 


(3.)  When  it  is  noon  at  the  place.  In  W.  Long,  the  Greenwich 
Date  is  the  Long,  in  time.  In  E.  Long,  take  the  Long,  in  time  from 
24** :  the  remainder  is  the  Greenwich  Date. on  lYie  preceding  day. 


Ex.   5.      February   13th,    noon,    long. 
ia»«  W. 


Ex.  6.  March  3i8t,  long.  91°  E. 

Long.    6^  4' 
Gkxxnwich,  Makgh  30th,  17   56 


Gbjebmwich,  Feb.  i3tli,  8^8*  p.m. 

577.  It  is  easy  to  perceive,  on  all  occasions,  what  the  Greenwich 
Date  most  be,  by  proceeding  from  noon  at  the  place. 

Tlins,  in  Ex.  2,  when  it  is  noon  in  130® W.,  it  is  8*40"  UUer  at  Greenwich;  henoe, 
wImd  it  is  6^42"  brfor9  noon  at  tliis  place,  it  is  6^42"  before  8^40",  or  i^  58"  p.m.  at 
Greenwich,  on  the  same  day. 


Ex.  4.  When  it  is  noon  in  long.  40®  E.,  it  is  2^40"  hrfort  noon  at  Greenwich ;  lience, 
wImd  it  is  6^  57"*  A.M.,  or  5^  3"  before  noon  at  this  place,  it  wants  2^  40"  and  5^  3*,  or  7^  43" 
of  noon  at  Groenwich  on  ttiis  day ;  or  it  is  16^  17*  on  the  day  before. 


11.  Reduction  op  the  Elements  in  the 
Nautical  Almanac. 

678.  This  Hedaction  is  effected  bjr  Inspection,  or  by  Logarithms, 
No.  697.  When  extreme  precision  is  required,  a  further  correction 
is  necensary,  on  account  of  2d  Differences,  No.  698. 
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1.  Reduction  by  Inspection. 

[1.]  The  Sun't  DeelmatUm. 

579.  At  Sea, — (1.)  At  noon.  Take  out  of  the  Nautical  Almanao, 
p.  I.y  or  Table  60,  the  sun's  decl.  at  noon  of  the  day»  and  note  whether 
it  is  increasing  or  decreasing ;  take  out  of  Table  19  the  correction  for 
lonff.,  and  apply  it,  as  there  directed,  to  the  decl.  at  noon. 

if  the  correction,  when  aubtractive^  exceed  the  decl.  at  noon  in  the 
table,  the  difference  is  the  decl.  of  the  contrary  name. 


Ex.  1.  Not.   13th,  1878,  long.  64?  W,: 
find  the  decl.  at  noon. 

Sun*s  decl.  13th,  noon,     18^    i' S.  (tncr.) 
64*  W.  Table  19  +3 

Rao.  DacL.  18    4  S. 

Ex.  2.  March  xoth,  1878,  long.  178°  W.: 
find  the  Sun*s  decl.  at  noon. 


Ded.  20th,  noon, 
178^  W.  Table  19 
Ran.  DacL. 


o<»  6'  S.  (ffeer,) 


—  11 


o     6  N. 

Ex.  3.  June  loth,  1878,  long.  120^  W.  • 
find  the  decl.  at  noon. 

Decl.  20th,  noon,         23*27' N  (iiwr.) 
120°  W.  Table  19         o 

Rao.  Dkcl.  23  27  N. 


Ex.  4.  Sept.  22d,  1878,  long.  167^  W. : 
find  the  Sun'a  decl.  at  noon. 

Decl.  22d,  noon,  o*  1 6'  N  (deer.) 

167®  W.  Table  19  -n 

Kan.  Decl.  o     5  N. 

Ex.  5.    Aug.   6th»   1878,  lung.  85*  E.: 
find  Sun's  decl.  at  noon. 

Decl.  6th,  noon»  id*' 41'  N.  (dter.) 

85°  E.  Table  19  _+4 

Ran.  DacL.  16  45  N. 

Ex.  6.  March  20ih,  1878,  long.  80*  W.: 
find  Sun*B  decl.  at  noon. 

Decl.  20th,  noon,  &*  6'  S.  (eker.) 

80®  W.  Table  19  -5 

Rio.  DacL.  o     I  SL 


When  the  declination  at  noon  at  Greenwich  is  0®  0'  in  east  long., 
the  correction  is  the  decl.  of  the  same  name  as  that  of  the  day  be/ore; 
in  loest  long,  the  correction  is  the  decl.  of  the  same  name  as  that  of  the 
day  after, 

(2.)  At  a  given  hour.  Correct  for  long,  as  aboye,  and  then  apply 
the  correction  for  the  hour. 

IQx.  1.  March  2i8t,  1878,  long.  123°  W.;   1       Ex.2.  Feb.  12th,  1878,  long.  78°  E.  at 
at  31^  P.M. !  find  the  decl.  [  7^  50"  p.m.  :  find  the  decL 


Decl.  2iBtp  noon,     oP  18'  N.  (mer,) 
123°  W.    +8' 


+  8') 
+  3') 


+  II 


Rkd.  Dbcl.      o  29  N. 
For  3^  A.M.  the  corr.  will  be  fbr  9^,  or 
9',  iubtraeiwe,  and  the  Dbcl.  is  o®  17'  N. 


Ded.  12th,  noon,     i3^38'S*  {deer.) 
78°  E.         +4:1  .^ 


7ii50« 


-6'J 


Rko.  Dbcl.     13  35  S. 

For  7**  so"  A.M.  the  corr.   ia  that  for 
4b  fo*,  or  3',  additive^  and  the  Dbcl.  ia 

13®  45'  S. 

680.  Accurately.  — {1.)  Find  the  (Greenwich  Date.*  Take  out 
of  the  Nautical  Almanac,  p.  II.,  the  decl.  for  noon  of  the  same 
and  the  next  days,  and  take  the  diff.  between  them,*  or  the  Daily 
Variation. 

When  the  declination  changes  its  name,  the  daily  variation  is  the 
9um  of  the  two  declinations. 

(2.)  With  the  Greenwich  Date  and  daily  variation  take  out  the 
proportional  part  from  Table  21. 

*  When  the  Greenwich  Date  is  given  in  Apparent  Time,  the  Sun*s  derl  &c.  are  taken 
from  p.  I.  of  the  Naat.  Aim.  instead  of  p.  II. ;  the  computation  in  other  respects  is  the  same. 


SUBORDINATE  COMPUTATIONS. 


191 


(3.)  When  the  first  decL  is  ^ncreamngy  add  this  prop,  part  to  the 
decl.  at  noon ;  when  decreasing,  euhiract  it. 

If  the  prop,  part,  when  subtraetivey  exceed  the  decl.  itself,  the 
difference  is  the  aecL  of  the  contrary  name. 


Ex.  1.  Maj  j^th,  187S,  at  1 1>*  30"  n^ean 
time  at  Greenwich :   find  the  Siiirs  declin. 

9tb,  P.ge  II,  N.A.     i7«»23'  58"-9  N. 

loth,  17  39  47  4  N. 

Daily  Var. 

11^  30^,  var.  15'  30" 

18-5 


«5  48   5 

7  »5  •• 
8:9 


9tb,  at  noon, 

Rcou  Dbcl. 


+  7  34*5 
17  ^3  58  '9  N. 

17  31   33  -4  N.- 


Ex.  S.  March  iitt,  1878,  15^  27*  mean 
time  at  Greenwich :  find  the  Sun's  declin. 

list,  Page  II.,  N.A.    o®  18'    z"'^  N. 


szd, 

DaUy  Var. 

1 5*"  o",  var.  23'  30" 
10  a 
17-  23  40 

2 let,  at  noon, 

Rkd.  DacL. 


o  41  4a  -6  N. 
23  40  *a 


14  41  -2 

6-4 
26  6 


+  15  14  2 
o  18    2  '4  N. 


o   33  16  -6  N. 

The  sun's  decL  changes  nearly  l^  an  hour,  or  1^  in  l*",  in  March 
and  Sept.;  hence,  to  ensure  it  to  1''  in  the  extreme  case,  tlie  Green- 
wich Date  must  be  true  to  1"*. 

The  2d  diff.  (see  No.  598)  is  26^'  a-day  in  June  and  December. 
The  greatest  error  of  omitting  it  is  then  J  of  26'',  or  3''. 


[2.]  7%«  89m*s  lUgki 

581.  Approximately. — Find  it  in  the  Nautical  Almanac,  or  in 
Table  61,  for  noon. 

Ex.   1.     1878,   March  aiit:    find  the  Ex.  2.    1878,  Dee.  5th:  find  the  Sqn'a 

San's  R.A.  R.A. 

Snn'8R.A.  2ist,        o^  3*  Sun's  R.A .  5th,  16^47* 

582.  Accurately, — (1.)  Find  the  Greenwich  Date.  Take  out  of 
the  Nautical  Almanac,  p.  11.,  the  R.A.  for  noon  of  the  same  day 
and  the  next  Take  the  difference  between  them,  which  is  the  Daily 
Variation. 

When  the  first  R.A.  has  23*"  and  the  second  0^  add  24^  to  the 
second,  and  subtract  the  first  from  it:  the  remainder  is  tlie  Daily 
Variation. 

(2.)  With  the  Greenwich  Date  and  the  Daily  Variation  find  the 
proportional  part  from  Table  21. 

(3.)  Add  this  prop,  part  to  the  first  R.A. :  if  the  sum  excee<l 
24^  reject  24^ 

Ex.  e.  March  22d,  1878,  at  2^  20P  r.!!.. 

mean  time,  long.  43®  £. :  required  the  Sun*a 

R.A. 

Astron.  Tmie,  March,    22*    2''  20^ 
Lon^-  43®  E.  ~2   5a 


Ex.  1.   June  6th,  1878,  at  8^  ii*  a.m., 
mean  time,  long.  17^  W. :  required  the  Son'k 

Astron.  Time,  June,        5^  20^  11" 
Long.  ly*'  W.  -f  1      8 

Green.  Time,  June,        5   21    19 
R.A.  5th,  Page  II.,  N.A.,       4'»  53-  i9»-2 


6th, 

Daily  Var. 

»i^  o^,  var.  4"  o^ 
72 

«•/•»         4    7 

CoiT. 

Stb,  R.A. 
Rio.  R.A. 


4   57   ^^^ 
4     7'» 
3    30 
6-3 

o 

+  3  39  "6 
4  53  19* 
4   56   58*8 


Green.  Time,  March,     21    23   28 
R.A.  2i8t,  Page  II.,  N.A.,        o**  2"'46''4 

22d, 

Daily  Var. 

23^  6",  var.  3"  30^ 

«'3 
a8-,         3    3' 


2 1  St,  noon, 
Rio.  R.A. 


o  6   247 
3    3g'3 

3     21  *2 
80 

4'» 

+  3    33*4 
o  2  46-4 

o  6   19-8 
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When  the  R.A.  in  the  tables  is  0^  the  prop,  part  is  RA- 
required. 

The  greatest  daily  change  of  R.A.  is  4"  30*  in  December;  the 
smallest^  3""  30"  in  September. 


[3.]  The  Equaiion  qf  Time, 

683.  At  Sea. — (1.)  Find  the  Greenwich  Date.  Take  ont  the 
equation  of  time  from  the  Nautical  Almanac,  p.  I.,  or  Table  62,  for 
the  same  day  and  the  next.  When  both  the  equations  are  directed 
to  be  added,  or  both  to  be  subtracted,  take  their  difference :  if  one  is 
to  be  added  and  the  other  subtracted,  take  the  sum :  the  result  is 
the  Daily  Variation. 

(2.)  With  the  Greenwich  Date  and  the  Daily  Variation  find  the 
correction  or  proportional  part  by  Table  21. 

(3.)  When  the  first  Equation  is  increasing^  add  the  prop,  part; 
when  decreasing^  subtract  the  lesser  from  the  greater. 

If  the  prop,  part,  when  subtractive,  exceed  the  first  Equation, 
their  diff.  is  the  Reduced  Equation,  and  is  additive  or  subtractive 
according  to  the  direction  for  the  second  Equation. 


Ex.  I.  June  a5th,  187S,  long.  41*=  W. 
»t  ^^  a8"  P.M.  (app.  time) :  find  the  Equa- 
iion  of  Time. 

Asfron.  Time,  June,'     »S*   3*'i8" 


41°  W. 

Green.  Time,  June, 

Eq.  T.  a5ih, 
a6th. 

Daily  Var. 

6^  l»",  var.  I2*7 
25th,  noon, 

RxD   Eq.  of  T. 


+  *  44 
25     6  11 

^2"  1 8"  5 
•f  2    31  '2 

12  7 

+  3  *» 
2  18  -5 


+  2   21  7 

Ex.  2.  Nov.  29th,  1878,  long.  103®  E. 

at  apparent    noon:   find  the   Equatioo   of 

Time. 

Aatron.  Time,  Not.        29*  o*  6" 
1030  E.  -6  52 

Green.  App.  T.  Not.    2<  17     8 

Eq.  T.  a8th,  ii»5i-i 

29th,  1 1    30*0 

Daily  Var.  21  -i 

17*  8",  Tar.  ai"'i  — 15*1 

28th, noon,  —II   51  •! 

Rkd.  Eq.  or  T.    —  ii  36  *o 


24*17*  o* 
I  12 
24  18  12 

—  0"I0»'0 

+  oaojo 

o    30  'O 

—  22  7 
— o  10  'O 


Ex.  3.  Dec  25th,  1878,  long.  18^  W. 
at  s^  o"  A.M  (app.  time)  :  End  the  Equa- 
tion of  Time. 

Astron.  Time,  Dec. 

i8<' W. 

Green  Time,  Dec. 

Eq.  T.  24th, 
25th, 

Daily  Var. 

|8»»  12",  Tar.  30* 
24th,  noon, 
Rao.  £a  or  T.        +0  12  7 

Ex.  4.  Sept.  ist,  1878,  long.  84®  £.  at 
4*  34*'  A.1C  (app.  time):  find  the  Equation 
of  Time. 

Astron.  Time,  Aug. 

84<'£. 

Green.  App.  T.  Aug. 
Eq.  T.  3irt, 

Duly  Var. 

10^  58%  Tar   i8»*6 
Bq.  T.  jiat, 

Rks.  Eq.  or  T. 


31*  1 6*  34" 
31  10  58 

+  ©■  12*  I 

o     6 '5 
18 -6 

-8-5 
o  12  'I 


+  0    3*6 


As  the  Equation  of  Time  is  generally  required  for  a  particular 
hour,  the  above  method  by  Table  21  is  more  convenient  than  that  by 
Table  20,  in  which  the  correction  is  given  corresponding  to  the  longi- 
tude, and  the  time  at  ship,  without  reference  to  the  time  at  Green- 
wicb.    The  first  example  worked  by  Table  20  will  stand  thos  (no 
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fiirQier  ezphnatioii  being  necessaiy,  as  the  table  is  entered  precisely 
likeTaUelQ):— 


Ex.  1.  June  %s^  1878,  long.  41®  W. 
•t  3^  28*  p.ii. 

£q.  T.  S5th,         • 
16th, 

DulyVar. 


+  » 


i8«-5 

31  '2 


12 '7 


41®  W. 
3*»8- 
Eq.S5tfa, 

Rio.  Eq.  op  T. 


4.1-41 
+  1-8/ 


+  »  i8'5 
-ha  fti'7 


Ex.  S.  March  36th,  1878,  long.  109^  K 
at  7^  4S"  A.U,  (app.  time). 

AstroD.  Tiine,  March  15^  19^  42"^ 

Eq.  25th,  +6"  4«'m 

»6th,  +S  4S7 

DaUy  Var.  18*5 

12*  o^ 

7  4a  -5  9  ^  -9  5 


-5*9  >► 
+  5 -6  J 


109**  E. 
25th,  noon,  +6   4 'a 

RcD.  Eq.  or  T.        +  5  54  7 


584.  Acaurately. — ^Proceed  as  directed  in  No.  583,  with  more 
attention  to  precision  in  the  several  quantities. 


Ex.  1.  Green.  Date,  June  S5th,  1878, 
6^  II"  (app.  time):  find  the  Equation  of 
Tbie. 

Eq.  25th,  page  I.,  N.  A.       2"  i8"*5 
26th,  2   31  '2 

Daily  Var.  127 

6^0^,  ?ar.  ia»'7 


IV 


da 


3» 
•I 


Sq.15^ 

RDb  Eq.  op  T. 


+  3*3 

42    18-5 


Ex.  S.  Green.  Date,  Dec.  24th,  1878, 
15^  49*  (app*  time) :  find  the  Equation  of 
Time. 


Eq.  24th,  N.  A. 

—  0»I0^'O 

25*. 

40   20  'O 

Daily  Var. 

30 'O 

15*  30^,  var.  30* 

19  4 

19^,      do. 

•4 
-19-8 

24th,  Eq.. 

—0    10  "O 

RxD.  Ea  OP 

T. 

-0     9  -8 

4  2   21  *8 
[4.]  The  Sidereal  Time  at  Mean  Noon. 

585.  Take  from  Table  23  the  Acceleration  corresponding  to  the 
bouTs,  minutes,  and  seconds  of  the  Greenwich  Date ;  add  them  to 
the  Sidereal  Time  at  the  preceding  mean  noon.'i' 

When  the  sum  exceeds  24**,  reject  24^ 

Ex.  1.     Green.   Date,  Not.  ist,   1878, 
3^  41"  39* :   find  the  Sid.  Time  at  mean 

DOOD. 

Sid.  T.  mean  noon,  Nor.  lit, 
Accel.    3k 

4«- 
39* 


I4»  42« 


,33.  .7 
29  '6 

67 

•I 


Red.  Sid.  Timb 


Ex.  2.  Green.  Date,  March  13d,  1878, 
2oh  36*  57* :  find  the  Sid.  Time  ut  mean 
noon. 


Sid.  T.  mean  noon,  Mardi  23d, 

20k 

36" 

57" 
Rao.  Sio.  TufB 


o^  3« 


'21' 7 
17  •! 

5  9 

•2 


Q   6  44*9 


14  43  lo-  1 
[5.]  J%«  Moon'9  Horizontal  Parallas, 

586.  At  8ea. — As  the  Moon's  Horizontal  Parallax  does  not  change 
more  than  27"  in  12  hours,  it  may  be,  in  most  cases^  taken  out  of  the 
Nautical  Almanac  at  sight. 

587.  Accurately.  —  (1.)  Find  the  Greenwich  Date.  When  the 
Crreenwich  time  is  less  than  12'^,  take  out  the  hor.  par.  for  the  noon 
and  midnight  of  the  given  day ;  when  it  exceeds  12*',  take  out  the 
quantities  for  the  midnight  of  the  same  day  and  the  noon  of  the  next. 
Take  the  difference  between  them,  which  is  the  variation  in  12  hours. 

*  The  Sidereal  Time  at  mean  noon  may  be  found  roughly  thus : — To  the  sun's  R.  A.  in 
Table  61  apply  the  Eq.  of  Time  from  Table  62,  the  contrary  way  to  that  directed  :  for  ex., 
the  8on*8  R.A.  on  Nov.  ist  is  h**  26"*,  the  Eq.  of  Time  is  16'"  tub.  ;  heoce,  adding  16"*  tu 
14^  a6»,  gives  14*42",  the  Sid.  Time  required. 

O 
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(2.)  Enter  Table  21  with  the  Greenwich  Tiriie  and  the  12-honrly 
var.,  and  take  out  the  proportional  part  When  the  horizontal  paral- 
lax is  increcLsingy  add  this  prop,  part ;  when  decreasing^  subtract  it  from 
the  horizontal  parallax  at  tne  preceding  noon  or  midnight 

Ex.  2     Green.   Ifftte,  Aug.  latb,  187^ 
15^  28*:  required  the  Hor.  Par. 

H.P.  1 2th,  midn.  54'  5fi**9 


Ex.  1.    Green.    Date,  Jan.    15th,  1878, 
5^  II**:  required  the  Hor.  Par. 

H.P.  15th,  noon,  57'  4$"'^ 

15th,  midn.  58  la  7 

Var.  in  Ia^  27  '$ 

5*  II",  var.  aT^'S  +11  '9 

I5ih,  noon,  57  45  'a 

Rid.  Hoa.  Par.  57   57   i 


13th,  noon,  54  45  '9 

Var.  in.i2,\  n  'O 

3*  a8*,  var.  ii'"  -3  -a 

lath,  midn,  54  56  '9 


Red.  Hor.  Par.  54  53  'j 

When  necessary  to  correct  for  latitude  (No.  437),  see  Table  41 

[6.]  The  Moon'i  Semi- diameter. 

588.  As  the  variation  in  12**  does  not  exceed  8^',  the  semi-diameter 
may  be  taken  out  of  the  Nautical  Almanac  at  sight.  In  general  die 
hor.  par.  is  required  at  the  same  time,  and  the  semid.  corresponding 
is  then  taken  at  once  from  Table  40. 

[7.]  I^  Moan'i  Declination, 

589.  At  Sea.—{1.)  Find  the  Greenwich  Date.  Take  out  of  the 
Nautical  Almanac  the  decl.  corresponding  to  the  hour  of  the  Green- 
wich Time,  and  also  the  diff.  for  10™. 

(2.)  Enter  Table  22  with  this  diff.  and  the  minute  of  the  Green- 
wich Date,  and  take  out  the  prop,  part  at  sight  to  the  nearest 
minute. 

(3.)  When  the  declination  is  increasing^  add  this  prop,  part  to  it; 
when  decreasing,  siAtract  the  lesser  from  the  greater.  If  the  prop, 
part,  when  subtractive,  exceed  the  decL,  their  diff  is  the  decl.  of  the 
contrary  name. 


Es.  1.     Oirean.   Date,  Feb.  1 6th,  1S78, 
1 1*^  56* :  6nd  the  Moon's  declin. 
DecL  nS  14"*  39'  N.  dmsr,  D.  154" 

56-,  D.  154*  -'4 

Rrd.  Dscl.      14  %S  K. 


Ex.  3.    Green.  Date,  June  a5th,  1878, 
6^  50* :  find  the  Moon's  declin. 

Decl.  6N  iV*  33'  N.  iner.  D.  106* 

50^,  +2 

Rrd.  Dsol.     18  4a'  N. 


Ex.  4.    Oreen.  Date,  Sept  aad»  1878; 
9^  37":  find  the  Moon's  decUn. 
Ded.  9k,  180  34'  N.  dest.  D.  tuP. 


Ex.  9.   Oreen.  Data,  April  a4tli,  1878, 
10^  47" :  find  the  Moon's  deelin. 

Decl.  lo^.  iV  15'  S.  Act.  D.  108" 

47-  D.  108*      ^  '  37".  zl 

RsD.  DicL.      18     7  S.  I  Red.  Dsol.      18  a6  N. 

When  the  decL  for  the  given  hour  is  0,  the  prop,  part  is  the  decl. 
of  the  name  of  the  next  hour. 

590.  ^ccurafeZy.— 'Employ  the  decimals  of  the  diff.  for  10™  as 
whole  seconds,  takinfr  care  to  divide  the  prop,  part  corresponding 
bv  10,  or  by  100.  Proceed  as  above  directed  in  No.  589,  (1)  and  (3); 
also  take  the  seconds  of  the  Greenwich  Date  as  minutes,  taking  care 
to  put  the  minutes  of  the  prop,  part  into  the  place  of  the  seconds^ 
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and  the  seconds  into  that  of  thirds :  it  is  near  enough  to  work  to  the 
fniccion  of  1°*. 


Ex.  1.  Green.  Dite,  Aug.  i6, 1878, 17^  38"*  10^: 
find  the  Moon's  declin. 

DecL  1 7\  8<» i o'    1"'% N. iner. D. 1 3o*i8. 

lo^:  I  jo^-aS : :  384»    +  8  19  '4 
&EDU  Dkcu       8  18  %%  -6  N. 


Ex.  2.  Green.  Date,  Jan.  aad,  187S, 
4^  31"  45*:  find  the  Moon's  deelin. 

DecL  4^  0°  1 5'  a7'-7  N.des. 

10^:  i7o'''92 : :  31!"    —9    17 
Rio.  Dicu  6  15  -o  N. 


The  greatest  change  of  decl.  in  1  hour  is  17' ;  hence,  to  obtain 
the  decl.  in  the  extreme  case,  true  to  1\  the  Greenwich  Date  must  be 
true  to  4"*,  or  1°  of  long. ;  and  to  obtain  it  to  Vy  the  Greenwich  Date 
most  be  true  to  4*,  in  the  extreme  case. 

[8.]  The  Moon'i  Right  Aseennon, 

691.  Take  the  diff.  of  R.A.  for  l^  To  the  const.  9-6229  add  the 
prop.  log.  of  the  diff.  for  1"*,  and  the  prop.  log.  of  the  minutes  and 
seconds  of  the  Greenwich  Date:  the  sum  is  the  prop.  log.  of  the 
proportional  part,  always  additive. 

When  the  sura  exceeds  24^  reject  24'*. 


Ex.    1.     Green.    Date,    Feb.   id,   1878, 
i^  17"  15*:  find  the  Moon's  R.A. 


Ex.  2.   Green.   Date.  April  18th,  1878, 
i6»  56"  45*:  6nd  the  Moon's  H.A. 


R.A.1N 

21*  ii'"45»*3 

R.A.  i6\ 

23'' 

58-  54-6 

Var.  iS 
Time^ 

21    13   41  *3 
I     56  'O 
17    15 

9*5229 
1*9690 
10185 

I7^ 

Var.  i\ 
Time, 

0 

0  40-4 

1-45 -8 
56  45 

95229 

2*0089 

•5013 

R.A-  iS 

+  0   33*3 
21    II   45*3 

25104 

R.A.  i6N 

23 

I   40 
58  •54-6 

2*0331 

RxD.  R.A. 

21    12   18 '6 

Rid.  R.A. 

0 

0   34*6 

The  greatest  change  in  l*"  is  2"*  66*,  the  smallest  is  1°^  46' ;  hence 
to  have  the  result  true  to  1*,  the  Greenwich  Date  must  be  true  to  20*. 


[9.]  Bight  Amstimon  qf  Vmut, 

692.  With  the  Green.  Date  and  daily  variation  of  II.A.  deduce 
the  prop,  part  by  Table  21 ;  this  is  always  to  be  added  to  the  II.A.  at 
the  preceding  noon. 


Ex.  1.    Green.  Date,   May   31st,  1878,  J       Ex.   S.     Green.   Date,   Maj   5tli,  1878, 
ai^  47":  find  Venus*  R.A.  1  22^  4.7*:  find  Venus'  R.A. 

R.A.  May  31st, 


June  1st, 
Daily  Var. 
a  I*  30^1  Tir.  4"  o' 

9*9 

>7",        4   9 '9 

R.A.  31st, 
RiD.&A« 


I*  39«  5oF'o 
"   43   59 '9 


4 

9 

•9 

3 

35 

•0 

8 

•9 

2 

•9 

3 

46 

8 

'    39 

50 

•0 

I   43    36*8 

The  greatest  daily  change  of  B.A.  is  6"*. 


47' 

R.A.  5tb, 

6th, 

Daily  Var. 

22*  30",  var.  3"  30" 

16  '4 

1 7-,         3   46*4 

R.A.  5th, 
Rid.  R.A. 


IS' 
0 

56"  48"6 
0   35*0 

3   46  4 

3    16*9 

15 -4 
»7 

a3 

3    35 -o 
56  4«-6 

o  23*6 
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[10.]  Decimation  qf  Venut, 

593.  Find  the  proportional  part,  and  apply  it  to  the  deciiu.  at 
the  preceding  noon,  as  directed  in  No.  580.  As  the  process,  whether 
Approximate  or  Accurate,  is  the  same  as  that  for  the  sun,  no  example 
is  necessary. 

The  greatest  daily  change  of  declination  is  35'. 

[11.]  Bight  AMetuion  and  Declination  qf  Man. 

594.  Proceed  as  for  Venus.  The  greatest  daily  change  of  R.A. 
is  4°* ;  that  of  declination,  25'. 

[12.]  Riff  At  Ascennon  and  Declination  qfJujfiier, 

595.  Proceed  as  for  Venus.    The  greatest  daily  change  of  R.  A 
is  1™ ;    that  of  declination,  4'. 

[13.]  Biff ht  Aicention  and  Declination  qf  Saturn. 

596.  Proceed  as  for  Venus.  The  greatest  daily  change  of  R.A. 
is  40* ;  that  of  declination,  2'. 

2.  Reduction  by  Logarithms. 

597.  (1.)  The  proportional  part  may  be  found  by  the  Propor- 
tional Logarithms,  Table  74,  thus:  —  For  24-hourly  variations  take 
the  constant  log.  9  1249;  for  12-hourly  variations  take  8*8239;  for 
3-hourly  variations,  no  constant ;  and  for  hourly  variations,  9*5229. 

Then  to  the  constant  add  the  prop.  log.  of  the  Green.  Date, 
(reading  hours  and  min.  as  min.  and  sec.  when  the  var.  corresponds 
to  more  than  3*^),  and  the  prop.  log.  of  the  variation  as  given  for  24**, 
12\3\  or  P;  the  sum  is  the  prop.  log.  of  the  proportional  part 
required. 


Ex.  1.   (Daily  Variation.)    Green.  Time 
lib  joM^  Daily  Var.  14' 4a". 

const,  log.  9*  1249 
Gr.  Time  ii*  3o"»  p.  log.  1*1946 
Var.       14'  42"         p.  log.  i'o88o 

Prop.  Part  7' 2" -6    p.  log.  1*4075 

Ex.  2.     (Twelve-hourly  Var.)      Green. 
Time  4*'  11",  Var.  i6"'6. 

const,  log.  8*8239 
Gr.  Time  4*"  ii"  p.  log.  i'6337 
Var.         1 6"* 6         p.  log.  2*8133 

Prop.  Part  5"*  8     p.  log.  3*2709 


Ex.3.  (Three-hourly Var.)  Green.Time 
7^  18"*  12',  change  in  3  hours  z°  3i'4i":  find 
the  Prop.  Part  for  i*"  i8"  i2». 

Gr.  Time  i>*  18"  12'     p.  log.  3621 
Var.        i®3i'4r'        p.  log.  2030 

Prop.  Part  0°  39' 49"   p.  log.  6551 

Ex.  4.  (Hourly  Var.)  Green  Time 
loh  56"  io«,  Hourly  Var.  8'  4f' -2. 

const,  log.  9*5120 
Gr.  Time  56'»  io»  p.  log.  '5058 
Var.        8  47"*2        p.  log.  1*3114 

Prop.  Part  8'  i3"*5  p.  log.  1*3401 


(2.)  The  proportional  part  for  24**  is  obtained  conveniently  from 
Table  21  A;*  thus:— 

*  In  common  practice  at  sea  the  prop,  part  may  be  taken  out  at  sight  from  Table  21 : 
when  extreme  precision  is  required  the  logarithms  to  four  places  only  are  not  sufficient. 
For  ex.,  at  sea,  for  the  Time  7''  lO",  and  Daily  Variation  22'  27"*5,  we  enter  the  table  with 
22'  30",  and  take  out  at  once  (No.  50)  the  quantity  about  i  between  6'  33  "'7  at  7^  0",  and 
T  V'9  at  T"*  30",  that  is,  6'  40",  or  6'-7.  Now  this  mental  interpolation  is  performed  in 
▼cry  considerably  less  time  than  it  takes  to  write  down  the  quantities,  while  the  small  inac- 
caracj  to  which  it  is  liable,  amounting  here  to  6'  42"*4  —  6'  40",  or  2"*4  only,  would  be 
wholly  inappreciable  in  practice  at  sea.  The  logarithms  in  Table  21 A  give  in  this  case  the 
iMult  true  to  0"'l ;  but  if  the  prop,  part  were  above  8'  the  logs,  could  no  longer  be  depended 
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Take  out  from  this  Table  the  log.  of  the  Greenwich  Time,  and 
mdd  to  it  the  log.  of  the  Daily  Variation;  the  sum  is  the  log.  of  the 
prop,  part  required. 


1.    ^Ilie  Sun's  DecIinatioxL)    Green. 
Date,  Mmy  13th,  ii**  30"*. 

Gr.  Time     ii'"3o"  log.  3195 

Daily  Yar.     14*42"         log.  1129 

P&op.  Pabt    /  z"*6         log.  5324 

Ex.  2.     (The  Snn't  Right  Ascension.) 
Green.  Date,  June  6th,  9^  19". 

Gr.  Time    9^  19"*        log.      4109 
Daily  Var.  4"  7**5        log.      7648 

Pbop.  Pakt  !■  36"        log.  1*1757 


Ex.  3.    (The  Equation  of  Time.)    Green. 
Date,  June  zsth,  6*'  1 1°*. 

Gr.  Time    6»'  1 1-  log.  5890 

Daily  Var.      12"  log.  3010 

Prop.  Pabt      3*  log.  8900 

Ex.  4.     (Right  Ascension  of  Yenos.) 
Green.  M.T.  i9">  13"',  Daily  Yar.  4"  54». 

Gr.  Time         19^  13"  0965 

Daily  Yar.       4™  54"  6900 

Prop.  Part     3"  55*  7865 


3.  Correction  for  Second  Differences, 

598.  The  quantities  in  the  Nautical  Almanac  do  not  in  general 
change  uniformly,  that  is,  by  equal  portions  in  equal  times,  but  the 
differences  of  any  series  of  quantities  taken  in  order  exhibit  differ- 
ences among  themselves,  or  second  differences^  as  in  the  case  of  alts., 
p.  182.  Hence  the  proportional  part  found  by  the  preceding  rules 
IS  not  always  the  actual  change  in  the  interval,  but  may  require  a 

.  correction,  which  is  called  the  equation  of  second  differences. 

The  greatest  error  which  can  arise  in  any  case  from  neglecting 
this  correction,  that  is,  the  greatest  value  of  the  equation  itself,  is  } 
of  the  whole  2d  diff. ;  this  takes  place  when  the  interval  for  which 
the  proportional  part  is  required  is  half  the  interval  for  which  the 
quantities  are  set  down  in  the  table. 

For  example,  suppose  the  second  dUT.  of  the  sun's  decl.  to  be  %6"  in  24** ;  the  greatest 
error  of  neglecting  the  equation  will  be  x-8th  of  %6",  and  will  take  place  when  the  Green. 
Date  is  12^,  or  midnight. 

599.  To  find  the  Equation  of  Second  Differences.  Take  the  two 
quantities*  in  the  table  next  on  each  side  of  the  ^iven  one,  and  set 
tnem  down  in  order.  Add  together  the  1st  and  4th,  and  the  2d  and 
3d ;  write  against  the  sum  of  the  2d  and  3d,  whether  it  be  the  greater 
or  the  lesser  of  the  two  sums. 

Half  the  diff.  of  these  two  sums  is  the  2d  diff.     . 

Under  the  Tabular  Interval,  and  with  the  Green.  Date  as  inter- 
mediate time,  enter  Table  25  and  take  out  the  multiplier,  by  which 
multiply  the  2d  diff. ;  this  is  the  Equation  of  2d  differences.  If  the 
2d  sum  is  marked  the  greater,  add  the  equation  to  the  prop,  part 
deduced  by  one  of  the  preceding  rules ;  if  the  lesser^  siwtract  the 
equation. 

upon  as  shewing  the  true  tenth,  not  only  because  the  last  figure  ceases  to  change  by  1  si 
7'  58%  but  because  the  last  figure  of  any  logarithm  is  itself  but  an  approximation. 

Altiiough  logarithms  afford  material  service  in  multiplication  or  division  of  many  figures, 
yet  in  short  and  easy  reductions  they  are  attended,  as  is  vi^ell  known  to  experienced  arith- 
metidans,  with  considerable  loss  of  time,  and  should  accordingly  be  resorted  to  only  when 
they  unequivocally  effect  a  saving  of  time  and  labour. 

It  is  also  important  to  observe  that  the  facility  of  mental  interpolation  constantly  improves 
by  evernse,  and  that  the  habit  slmrpens  the  pem'))tion  of  arithmetical  proportions. 
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By  Logarithms.  To  the  prop.  log.  of  the  2d  diff.  add  the  ar.  co. 
log.  of  the  multiplier ;  the  smu  is  the  prop.  log.  of  the  equation 
required. 

Ex.  Greenwich  Date,  June  17th,  1S78,  13^  11"*  M.T. :  find  the  Son's  Declination. 
The  two  declinations  preceding  are  those  of  the  i6th  and  17th ;  the  two  following  are 
those  of  the  i8th  and  19th. 


June  1 6th, 
17th, 
1 8th, 
19th, 


%f%%'  3'.  5 
13  13  57  '3 
»3  *5  a6  '3 
«3_»6_3oj6 

46  48   z^'i 

46  49  a3'6  {greater) 

a)    49 '5 
id  Diff.  H  75 


In  Table  25,  Tabular  Intenral  24^  and 

This  multiplied  by  24*75  gives  3''07, 
the  Equation  of  2d  Diffs.  ;  which  being 
added  to  prop,  part  as  found  by  No.  580, 
gives  Declin.  required. 

By  Logs. 

24'*  7  5  P*  l^S-  2*6400 

Log.  9*0925      ar.  CO.  0*9075 

p.  log.  3*5475 


600.  This  correction  is  of  the  most  importance  when  the  quantity 
attains  its  maximuTriy  that  is,  arrives  at  its  greatest  amount  between 
two  times  given  in  the  Nautical  Almanac.  This  circumstance  is  known 
thus : — ^When  the  sum  of  the  vars.  in  1  hour  opposite  the  Green,  day 
and  the  following  one  is  equal  to  the  diff.  of  the  vars.  in  1  hour  oppo- 
site the  Greenwich  day  and  the  preceding  one ;  for  ex.  on  Dec.  20th, 
21st,  and  22d,  the  vars.  in  1  hour  of  the  sun  are  r''70,  0'''52,  and 
O^'GS  respectively,  hence  the  declin.  is  maximum  at  some  time  between 
the  noons  of  the  2l8t  and  22d. 


III.  Conversion  of  Times. 


1.  Intervals. 

[1.]  7b  e&iwert  an  Interval  qfMetm  Thne  into  an  Tnterval  t(fSidereaPTIme, 

601.  ApproxinuUely, —  Increase  the  Interval  by  1™  for  every  6 
hours,  or  by  10*  for  each  hour,  or  by  !•  for  every  6"*. 

602.  Accurately. — Add  to  the  Interval  the  Acceleration  (Table  23), 
corresponding  to  the  hours,  minutes,  and  seconds. 


Ex.   1.     (Approximately.)     CouTeit 
7h  laB  6'  of  M.T.  into  S.T. 

7*  II"  6* 
70»  and  2»  4-1    ii 

Intv&v.  in  Sid.  T.      7   13   18 


Ex.  2.    (Accuntelj.)    The  same  «z. 
7*    I-8-99) 

12"  1*97}  *I     10 -98 

iNmv.  IN  Sid.  T.      7   13   16*98 


[2.]  Trj  convert  am  Interval  qf  Sidereal  Time  into  an  Interval  qfMean  Thne. 

603.  Approximately. — Diminish  the  Interval  by  1°  for  every  6 
hours,  or  by  10*  for  each  hour,  or  by  P  for  every  6". 

604  Accurately. — Subtract  from  the  Interval  the  Setardation 
(Table  24),  corresponding  to  the  hours,  minutes,  and  seconds. 
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Ex.  1.     (Approximately.)     Conyeit 
7^  1 3*  17"  of  S.T.  into  M.T. 

70^  and  *■  —I    11 

Imtbkt.  in  M.T.         711     5 


Ex.  2.    (Aocnratelj.)    The  tame  ex. 

7*I3»I7» 
7^     i»8«'8ij 

13"         *'i3}  —I    10-99 

»7*  'OS)        __^__ 

Intb&v.  in  M.T.         712     6  'Of 


The  above  precepts  relate  to  Intervals  of  time ;  the  following  are 
employed  in  the  conversion  of  absolute  time  of  one  kind  into  that  of 
another. 

2.  Absolute  Times. 

[1.]  3b  eomwert  Apparent  T^im  into  Meam  Tim§. 

605.  Reduce  the  Equation  of  Time^  taken  from  page  I.  of  the 
Nautical  Almanac,  or  from  Table  62  by  No.  583,  or  584,  and 
apply  it  to  the  given  App.  Time  as  directed  in  the  said  page  I.  or  in 
Table  62. 

If  the  Eq.  of  T.  when  snbtractive  exceeds  the  A.T.,  add  24''  to 
the  A.T.  and  date  the  time  on  the  day  before. 

Ex.  1.    March  ad.  1878,  at  11"  56"  43* 
A.M..  A.T..  long.  148**  W. :  find  M.T. 

The  Green.  Date  is  2*  9''  49™. 
Eq.  T.  2d,  i2«20»"2 

3d,  12     7'6 

Duly  Var.  12*6 

9*  49",  var.  I2»*6  —  5  ' ' 

2d,  12   20 '2 

Red. Eq.  T.  +  12   15  'i 

App.  T.  23    56  43 

Mban  Timb,  2d       o     8  58  *i 


Ex  2.    Nov.  10,  1878,  o*  13"  40*.  P.M., 
A.T.  long.  36°  E. :  required  M.T. 
Green.  Date,  9**  21**  50"". 

Eq.  T.  9th,  -le"  2«'S 

loth,  —15    56*9 

Daily  Var.  5*6 

21**  50",  var.  5''6  —  5'o 

9th,  16      2'S 


App.  T. 


-»5    57*5 
o   13   40*0 


MXAN  TlMB,  ISt      23     57     42  5 


[2.]  7b  convert  Mean  Time  into  Apparent  T\me, 

606.  Find  the  Green.  Date ;  reduce  to  it  the  Eq.  of  T.  from  pajre 
IL  of  the  Nautical  Almanac,  or  from  Table  62,  and  apply  it  to  the 
given  M.T.  as  directed  in  the  said  page  II.,  or  the  contrary  %cay  to 
that  directed  in  Table  62. 

If  the  Eq.  of  T.  when  subtractive  exceeds  the  M.T.,  add  24*  to 
the  M.T.  and  date  the  time  on  the  day  before. 


Ex.  1.    Aug.   3  fit,   1878,  long.  18®  W., 
%c^  5H"  si»  M.T. :  find  A.T. 

Green.  Date,  M.T.,  3i<»  22*'  ii*". 

Red.  Eq.  T.  -►o"   5»*i 

M.T.  3i8t,  20   58   51*0 

App.Timb,  3i8t     20   58  56*1 


Ex.  2.    Feh.  17th,  1878,  long.  120®  B., 
o»>  s"  i8*  M.T.  :  find  A.T. 

Green.  Date,  M.T.,  16*  16^  s». 
Red.  Eq.  T.  —  I4»i8« 

M.T.  o     S    18 

App.Tiiib,  i6th     23   51     o 


[3.]  7b  convert  Sidereal  Time  into  Mean  7Im«. 

That  is,  having  given  the  Right  Ascension  of  the  Meridian,  to 
find  Mean  Time. 

607.  In  W.  long,  add  the  Acceleration  for  the  long,  to  the  Sid.  T. 
nt  m^m  noon ;  in  E.  long,  subtract  it. 

From  the  given  Sid.  Time  (increased  if  necessary  by  24**)  snb^ 
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tract  this  reduced  Sid.  T.  at  the  preceding  noon ;  the  remainder  U 
tlie  approximate  M.  T. ;  subtract  from  this  time  the  Retardation 
corresponding  (Table  24). 

Ex.  1.  Jan.  ist,  1878,  long.  9^  50"  40*  E.,  at  %i^  9"  23*  Sid.  T. :  find  M.T. 


Sid.  T.  M.  Noon,  i8»>  44"  o»-  7 
Accel.  9>'      i"»a8*7\ 

50»           8  "2  >  —  I    37  'c 

40*  -i)    

Sid.  T.  M.  Noon,  18  42   23*7 


Given  Sid.  T.  21*    9'"23»o 

Red.  Sid.  T.  M.  Noon,    18  4%   237 

Approx.  M.T. 

Ret  2'>      i9»-7) 

26"       4-3 [ 

59'       o  -2 ) 
Mban  Timb, 


2  26   59*3 
—24*2 


2   26  35*1 

Ex.  2.   March  22d,  1878,  long.  7^  »2"35»  W.,  at  ii*  5"27»-2  Sid.  T.  1  find  M.T. 

The  Rbd.  Sid.  T.  ia  o^  o"37"9  ;  whence  the  approx.  M.T.  is  i  i*>4"49"3f  and  the  Ret.  to 
this  I*  48**9  jtf^.  leaves  Mban  Timb  ii^  3"  o**4. 

[4.]  7b  convert  Mean  Thne  into  Sidereal  Time. 

That  is^  having  given  the  Mean  Time^  to  find  the  R.A*  of  the 
Meridian. 

608.  In  W.  long,  add  the  Acceleration  for  the  long,  to  the  Sid* 
T.  at  the  preceding  mean  noon;    in  E.  long,  subtract  it 

To  this  reduced  Sid.  T.  at  mean  noon  add  the  given  M.  T.  and 
the  Acceleration  for  the  said  M.T. ;  the  result  (rejecting  24^  if  it 
exceed  24**)  is  the  Sid.  T.  required. 


Ex.  1.  June  29th,  1878,  long.  lo^  39*^ 
W.,  at  3»>  37"  46»-6  M.T. :  find  Sid.  T. 

Sid.  T.  at  M.  Noon,  29th,   6^  29" 44**3 
Accel,  for  long,  lo**  39"*  6*      4  i   45  'O 


Red.  S.T.  M.  Noon, 

M.T. 
Accel.  3^      29**6 
37"        6-1 
47*  T 

SiD.  Timb, 


6   31    29*3 
3   37   46 -6 

+  3S-« 


10     9  51  7 


Ex.  2.  Not.  26th,  1878,  long.  8^  52"  15* 
E.,  at  14^  55"  7*"8  M.T. ;  find  S.T. 

Sid.  T.  M.  Noon.  26th,      i6'»  21-  7*  -6 
Accel,  for  S**  52"  1 5* 

Red.  S.T.  at  M.  Noon, 

M.T. 
Accel.  14**    2'"i8**o 

55"  9  '^ 

7*-8  'o 


SiD.  Timb, 


—  I 

27 

•4 

16 

19  40 

•2 

«4 

55 

7 

•8 

+  2 

»7 

•0 

3« 

17 

iS 

0 

7    "7  15  -o 


IV.  Hour-Anolbs. 


1.  Tojind  the  Hour-angle,  Mean  Tune  bei 


[1.]  Hour-angle  qftke  Sun, 

609.  Find  tlio  Green.  Date;  Reduce  to  it  the  Eq.  of  T.,  and 
apply  it  to  the  M.T.  as  directed  page  II.  of  the  Nautical  Almanac, 
or  the  contrary  way  to  that  directed  in  Table  62 ;  the  result  is  A/T. 

If  A.T.  is  less  than  12'',  it  is  the  Sun's  Hour-angle^  reckoning 
from  the  meridian  westwards;  if  A.T.  exceed  12''9  subtract  it  from 
24**:  the  remainder  is  the  Hour-angle,  reckoning  from  the  meridian 
ea8tw<irds.  * 


SUBORDINATE  COMPUTATIONS. 
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Ex.  1.  May  19th,  i87S,long.  57°  4' W., 
^  jh  ^m  ^{^  M.T. :  find  the  Sun*s  Hour- 
angle. 

The  Green.  Date  is  19*  6*  56-  i". 
Eq.  T,  19th,  Page  II.  +  3"45'*3 


10th, 

6*  56-,  var.  %*'% 

Red.  Eq.  T. 
M.T. 

HoUR-AJrOLX, 


+  3   4»'5 
2j 

-•8 

3   45  3 

+  3  44  5 
3  7  46*0 
3  II    30 '5 


Ei.  2.  July  2d,  1878,  long.  61**  1  »., 
at  20^  26"  53*  M.T. :  find  the  Sun's  Hour- 
angle. 

The  Green.  Date  is  2*  jS**  18"  49*. 


Eq.  T.  2d,  Page  II. 
3d. 
Daily  Var. 
iS"*  19",  var.  ii»-2 

Sub.  from  M.T. 
M.T. 

HoUR-AXaLly 


3"  43-9 
3   55' 

II  '2 

+  7  7 
3  43  9 

3   5«-6 
20  26    53  'O 

20  30  44 -6  W 
3  »9   «5-4E. 


610.  When  the  Sun's  Hour-angle  is  required  from  midnight,  if 
A.T.  is  less  than  12^,  subtract  it  from  12^;  the  remainder  is  the 
Hoar-angle,  reckoned  westwards.  If  A.T.  exceed  12%  subtract  12^ 
from  it;   the  remainder  is  the  Hour-angle,  reckoned  eastwards. 


[2.]  Hmar'aufle  qfa  Star. 

611.  (1.)  Find  the  Green.  Date,  to  which  reduce  the  Sid.  T.  at 
mean  noon. 

(2.)  To  the  M.T.  add  this  reduced  Sid.  T.,  and  from  the  sum 
(increased  if  necessary  by  24^)  subtract  tlie  star's  R.  A. ;  the  result  is 
the  Hour-angle  W. 

If  the  Hour-angle  exceed  12%  subtract  it  from  24'';  the  remainder 
IB  the  Hour-angle  £. 

El.  1.  July  2i8t,  1878,  long.  32<»  10'  W.,  Ex.  2.  Sept.  ist,  1878,  long.  169°  57'  E., 

■*  9^  45"  ^i'  ^T. :    requir^  the  Hour-      at  8^  57"  3^  M.T.  -.    find  the  Hour-angle 
angle  of  Arcturus.  of  Aluir. 

Green.  Date,  21*  11*  54"  i".  Green.  Date,  Aug.  31*  21*'  37'"  51*. 

Sid.  T.  Mean  Noon,  21st,      7*  56-  28«-5         Sid.  T.  at  M.  Noon,  3iat,   10"  38-   7«-3 


Accel.  iiS 

I   4«'4 

Aceel  2i\ 

3   *7  0 

54-. 

8-9 

37"i 

61 

Red.  Sid.  T. 

7  58   45  •« 
9  45   »i  'o 

51% 

Red.  Sid.  T. 

•I 

M.T. 

10  41   40  5 

17  43  46  8 

M.T. 

8    57    39  0 

*  R.A. 

14  10     8*4 

19   39   »9'5 

Hovm-AMaLi, 

3  33    38-4 

♦  R.A. 

-19  44  53-5 
23   54  26 'oW. 

Hon»-AKGLK, 

0     5    34-0  E. 

Ex.  &  Oet  lit,  1878,  bng.  92^  48'  £.,  at  5"  58"  19*  M.T. :  required  the  Hour-angle 
of  Markab.  Hour-anolx,  4^  20"  7**8  E. 

Ex.  4.  Dea  25th,  1878,  long.  86^45'  W.,  at  5^  7-  35*  M.T.:  find  Rigers  Hour- 
angle.  Hooa-ANGLv,  5*  43"  55f  E 

Ex.  5.  March  2id,  1878,  long,  iio^  39'  W.,  at  11^  3"  37*  M.T. :  find  the  Hour-angle 
of  Antarei.  Hour-axglx,  5^  15*  53*9*  £. 

[3.]  Hottr-^mgU  qfa  Planet  or  ike  Mwm. 

612.  (1.)  Find  the  Green.  Date,  and  reduce  thereto  the  Sid.  T. 
at  mean  noon,  and  the  R.A.  of  the  body. 

(2.)  Add  this  reduced  Sid.  T.  to  the  SLT.,  and  proceed  as  for  a 
star* 
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Ex.  1.  Oct.  15th,  1 878,  long.  41  <*  44' W., 
at  6''  56"  54"  P.M.  M.T. :  find  the  Moon's 
Hour-angle. 

Green.  Date,  Oct.  15*  9*'  43"  50*. 

Sid.  T.  Mean  Noon,  15th, 
Accel.  9** 

43" 
so- 
Red.  Sid.  T. 
C*B  R.A.   9^ 


13**  35"  3»"» 
I    28  7 

•I 


lO" 


4'  40" 
4    4» 


ao-*5 

37*5 


C*s  R.A.    9* 

Red.  R.A. 
Red.  Sid.  T. 
M.T. 

C»s  R.A. 


2 

43 

I 

40 


17 
SO 

39 '9 
20 '5 


37     8-1 

95229 
1*8967 
0*6135 
2*0331 


42      0-4 

13''   37"  8*'i 
6     56  54 


20 

-4 


34 
4» 


2  "I 

o*4 


15     52     I  •7W. 


HOUB-ANGLB,  8         7    58  '3£. 


Ex.  8.  Feb.  nth,  1878,  long.  87**  6'  W., 
at  4''  46"  48'  A.M.  M.T. :  find  the  Hour, 
angle  of  Mars. 

Green.  Date,  Feb.  10*  22*  35"  12*. 
Sid.  T.  Mean  Noon,  loth        21*  2i»43"*o 
Accel.  22**  3    36  *8 

35"  SJS 

Red.  Sid.  T.  21     25    25  '6 

Mars' R.A.  loth   2*  iS*57"o 

nth,  2  18    22  '2 

Daily  Var.  2    25  '2 

^h  ^^m  yg,.^  2"  25*  gives  2    17*1 

R,A,   loth  2     15    57-0 

Red.  R.A. 


22* 


Red.  Sid.  T. 
M.T. 

Mars'  R.A. 

HOUB-AIIGLB, 


2     18    14*1 

2I»' 

4 

25"  25*'6 
46  48*0 

26 

—  2 

12    13*6 
18    I4'i 

»3 

53    59  5  W. 

6     o'5  E. 


2.  To  find  the  Hour-angley  the  Altitude  being  given. 

613.  By  Inspection.    See  Explan.  of  Table  5. 

614.  By  Computation.  Add  together  the  alt.,  lat.,  and  pol.  dist., 
take  half  the  sum,  and  from  it  subtract  the  alt. 

Add  together  the  log.  sec.  of  the  lat.,  the  log.  cosec.  of  the  nol. 
dist.,  the  log.  cos.  of  the  half  sum,  and  the  log.  sine  of  the  remainder; 
the  sum  (rejecting  tens)  is  the  log.  sine  square  of  the  Hour-angle. 

JVb/e.— When  the  Hour-angle  is  less  than  2»»,  four  places  of  the  logarithms  give  it  to  the 
nearest  second  of  time. 


Ex.  1.  Alt  37®  5i'»  l*t.  5i<»  10' N.,  poL 
dist.  70°  33',  or  ded.  19°  2/  N. :  find  the 
Hou-'angle. 

37^51' 
51    10  . 

70   33 


Alt 

Lat 

Pol.  dist. 

Sum 

Half 
Rem. 


sec     0*20269 
oosec.  0*02552 


159   34 

79  47 
41   56 


COS. 

sin. 


9*24888 
9-82495 


Hovn-ANeLi  i^  32»  47*  sm.  sq.    9*30204 


Ex.  2.  Alt  21°  19'  5^,  kt  5i*»  9'  26" N., 
ded.  1 1^  14'  44"  S. :  find  the  Hour-angle. 

Alt    21"  19'   j"  Ptfcfbr^ 

Lat    51     9  20  ...sec     0*202536,  +  68 

P.  dist  ioi__i4_44...  cosec  0*0084 14,  +     6 

173  43  '5 

86  51  37  ...COS.     8*738820,-277 
65  32  32  ...  sin.     9*959167,  +     % 

8-908937 

—201 

sin.  sq.  8*908736 
2*  12"  19^  227 

J  »9 

HoTO-iOfOLB      2     12     19*3 

Ex.  3.  Lat  30«  1 1'  24"  N.   Ded.  h**  a'  4«"  N.   Alt  6i«  ^  17".    Hoor-angle  i*  43"  S*'- 

When  both  the  lat.  and  decl.  are  0,  the  zenith  distance  in  time  is 
the  measure  of  the  Hour-angle. 

At  sea  it  is  near  enough  to  take  the  alt.,  lat.,  and  pol.  dist.,  to 
the  nearest  minute ;  but  if  the  sum  is  odd  and  greater  than  170®, 
take  the  cos.  and  sin.  to  30",  because  the  neglect  of  this  may  make  a 
sensible  error  in  the  Hour-angle. 
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.  y 


[1.]  Brrwn  (^f  the  Hour- Angle, 

615.  The  following  rules  give,  very  nearly,  the  effect  of  1'  error 
in  the  alt.,  lat.,  and  pol.  dist.,  and  therefore  for  any  small  number 
of  min.  or  sec.  in  the  like  proportion  : — 

(1.)  Error  of  hour-anele,  or  time,  due  to  1'  error  of  alt*  Add 
together  the  parts  for  Z(j'  of  the  cos.  and  sine :  the  sum,  divided  by 
the  parts  for  !•  (Tab.  69),  gives  the  error  required. 

When  the  alt.  is  too  smalU  the  hour-angle  is  too  great;  when 
the  alt.  is  too  greats  the  hour-angle  is  too  small. 

(2.)  Error  of  hour-angle,  or  time,  due  to  1'  error  of  lat.f  Mul- 
tiply the  parts  for  30"  of  the  sec.  by  2,  and  add  the  parts  for  the 
sine;  under  the  sum  put  the  parts  for  SC  of  the  cos.,  and  take  the 
diff. ;  divide  this  diff.  by  the  parts  for  \\ 

When  the  lat.  and  true  bearing  are  of  the  same  names,  the  errors 
of  the  hour-angle  and  lat.  are  of  the  same  kind ;  when  of  contrary 
names,  of  contrary  kinds. 

Ex.  In  N.  Lat,  if  the  son  is  to  the  N.  of  E.  or  W.,  and  the  Lat.  employed  is  too  great, 
the  computed  honr-angle  will  be  too  greats  if  the  son  is  to  the  S.,  in  the  same  case,  too 
Mia//. 

(3.)  Error  of  time,  or  hour-angle,  due  to  1'  error  of  pol.  dist. 
Multiply  the  parts  for  SC/'  of  the  cosec.  by  2,  and  add  the  parts  for 
30"  of  the  COS. ;  under  the  sum  put  the  parts  for  30"  of  tne  sine ; 
take  the  diff.,  and  divide  it  by  the  parts  for  1». 

When  the  parts  for  df/'ot  the  sine  are  less  than  the  sum  over 
them,  the  error  of  the  hour-angle  is  of  the  contrary  kind  to  that  of 
the  pol.  dist. ;  when  greater ^  of  the  same  kind. 


Ex.  (1  abora). 

Piutaibrair. 

51*^  xo'  tee. 

78 

70  33  Goae& 

%% 

79   47  COS. 

354 

41    56  lIlL 

7« 

Enor  1  of  Alt 

Coi.      354 

Sin.  71 

(Sum)   415 
Erkok  of  Tiicx 

-liS-7. 


Knor  r  of  Lat 
Sec.         78 

156 

-11 
117 
354 

(Diff.)    1x7 

Ebkoh  of  Timb 
117 


Sin. 

(Sum) 
Cos. 


Error  r  of  PoLDiiL 
Cosec       24 

Cos.       354 

(Sam)    39I 
Sin.         71 

(Diff.)   327 

Ebbok  of  Timb 
3x7 

64 


-77-5* 


The  error  of  the  hour-angle  may,  possibly,  be  made  up  of  the 
swn  of  these  three  errors,  but  in  most  cases  they  will  partially 
compensate. 

*  To  find,  approxiniately,  tlie  small  intenral  of  time  corresponding  to  a  smaU  change  of 
alt.  hj  means  of  the  Azimntii : — ^Add  together  the  log.  sine  of  the  chajice  of  alt.,  the  log. 
cosec.  of  the  azim.,  and  the  log.  sec  of  the  lat. :  the  sum  (rejecting  ten^  is  the  log.  sine  of 
the  interval  required. 

To  find  the  same,  by  means  of  the  Hour-angle : — Add  together  the  log.  sine  of  the  change 
of  alt,  the  log.  sec.  of  the  lat  and  dedin.,  the  log.  cos.  of  the  alt.,  and  the  log.  cosec  of  the 
honr-angle :  the  sum  is  the  log.  sine,  as  ahove. 

One  ci  these  processes  may,  on  some  occasions,  be  convenient. 

t  To  find  this  error  by  means  of  the  Azimuth : — ^Add  together  the  log.  cot.  of  the  azim.. 
the  log.  see.  of  the  alt,  and  the  log.  sine  of  the  error  of  lat :  the  sum  is  the  log.  sine  of  the 
error  required. 
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3.   To  find  the  Hour-angle^  the  Azimuth  being  given. 

616.  Add  together  the  log.  sine  of  the  azimuth,  the  log.  cos.  of 
the  lat.,  and  the  Tog.  sec.  of  the  decl. ;  the  sam  (rejecting  tens)  is  th« 
log.  sine  of  the  angle  A.* 

Under  A  put  the  azimuth,  reckoned  from  the  elevated  pole,  and 
take  half  the  sum. 

Take  half  the  sum  of  the  pol.  dist.  and  colat.,  and  half  the  diff. 

Add  together  the  log.  tan.  of  the  half  sum  of  A  and  the  azim., 
the  log.  COS.  of  the  half  sum  of  the  p.  dist.  and  colat.,  and  the  log. 
sec.  of  the  half  diff. ;  the  sum  (rejecting  tens)  is  the  log.  cot.  of  an 
arc. 

When  each  half  sum  is  less,  or  greater,  than  90®,  twice  this  arc 
is  the  Hour-angle  required ;  but  if  one  only  of  the  half  sums  exceed 
90®,  twice  the  suppl.  of  the  arc  is  the  Hour-angle. 

Ex.     Lat.  5 1*'  30'  N.y  decl.  20°  7.'  N  ,  azim.  N.  110°  11'  W.  •  find  the  Hour-angle. 


Az.  110^21'        sin.  9*97201 

Lat.    51    30         COS.  9*79415 

]>ecl.   20     2         sec.  0*02711 

A      38   25         sin.  9*79327 
Ax.  no  21 

Sum  148  46,  half  74^  23' 


P.  Dist.  69°  58' 
Colat.    38   30  .  74*^13'     tan.  0*55359 

Sura  108   28       half  54   14      cos.  9*76677 
DifT.    31   28        do.  15  44      sec.  0*01658 

ih  38*  52»     cot.  0*33694 

2 

Hour- ANGLE,  3    17  44 


4.   To  find  the  Hour-angle,  the  Altitude  and  Azimuth  being  given. 

617.  Add  together  the  log.  sine  of  the  azim.,  the  log.  cos.  of  the 
alt.,  and  the  log.  sec.  of  the  decl. ;  the  sum  (rejecting  tens)  b  the 
log.  sine  of  the  Hour-angle. 

Ex.     Alt.  40^  25',  azim.  69°  39',  decl.  20®  2':  required  the  Hour-angle. 

Az.  69®  39'  sin.  9*97201 
Alt.  40  25  COS.  9*88158 
Ded.  20     2         sec  0*02711 

HouR-ANGLB,  3^  X7<»48*    siu.  988070 

5.  To  find  the  Hour-angle  on  the  Prime  Vertical, 

618.  By  Inspection,     See  Table  29. 

619.  Sg  Computation.  Add  together  the  log.  cot.  of  the  lat. 
and  the  log.  tan.  of  the  decl. ;  the  sum  (rejecting  tens)  is  the  log. 
cos.  of  the  Hour-angle. 

Ex.    Lat.  31^28',  Decl.  14°  11'  of  the  same  name:   find  the  Hour-angle  of  a  odential 
body  on  the  prime  vertical. 

Lat     31^28'         cot.  0*21325 
Decl.  14    II  tan.  9-40266 

HOUR-ANGLB,  4^  22™  26*      COS.    9*61591 

6.  To  find  the  Hour-angle  at  Rising  or  Setting. 

620.  By  Inspection.     When  the  decl.  is  less  tlian  24*^,  take  out  of 


*  This  angle  A  is  the  angle  at  the  body  contained  between  its  pol.  dist.  and  len.  dist.,  or 
the  angle  PAZ,  fig.  p  144. 
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TaBle  26  the  time  of  setting  ;  this  is  the  Hour-angle  required.  It  is 
called  also  the  Semidiurnal  arc. 

When  the  decl.  exceeds  24®,  see  No.  621,  or  Explan.  of  Table  5. 

621.  By  Computation,  Add  together  the  log.  tangents  of  the 
lat.  and  decl. ;  the  sum  (rejecting  tens)  is  the  log.  cos.  of  the  Hour- 
angle  at  rising  or  setting,  or  its  supplement. 

When  the  lat.  and  declin.  are  of  the  same  naiio,  take  the  SfrppU* 
ment;  when  o(  contrary  names  the  Hour-angle  is  that  taken  out. 


Ex.  1.    Lat  48^42'  N.  ded.  lo^"  11'  N. : 
find  the  Hoar-angle  tt  risiiig  or  setting. 

Lat   48^42'        tan.  0*0562 
DecL  20   II         tan.  9*5654 

4*'2i"4»    COS.  9*6216 

HOVR-ANGLX,   7    38   56 


Ex.  2.     Lat.  3 1""  10'  N.  ded.  1 1^  14'  S.  1 
find  the  Hour-angle  at  rising  or  setting. 

Lat    3i''io'        tan.  9*7816 
Ded.  II    14         tan.  9*2980 

HOUR-ANOLV,    5^  32i"  24"     008.    9*0796 


7.   To  find  the  Hour-angle  near  the  Meridian,  by  the  observed 

Change  of  Altitude, 

622.  The  alts,  must  be  on  the  same  side  of  the  meridian. 
Correct  the  diff.  of  alts,  and  the  interval  by  adding  the  correction 
in  the  following  table : — 


TiMB. 

Arc. 

12- 

o» 

43"' 

15' 

V   0' 

0  0 

6*>15' 

o'44" 

10°  45' 

3' 51" 

13 

I 

44 

16 

30 

0  I 

30 

0  50 

11  0 

4  7 

20 

I 

45 

18 

2  0 

0  2 

45 

0  56 

15 

4  25 

23 

2 

46 

>9 

30 

0  3 

7  0 

I  3 

30 

4  43 

25 

3 

47 

20 

45 

0  4 

15 

I  10 

45 

5  a 

26 

3 

48 

21 

3  0 

0  5 

30 

I  17 

12  0 

5  21 

28 

4 

49 

»3 

15 

0  6 

45 

I  25 

15 

5  4a 

30 

5 

50 

»4 

30 

0  8 

8  0 

»  34 

30 

6  4 

32 

6 

51 

26 

45 

0  10 

15 

I  44 

45 

6  27 

33 

7 

52 

*7 

4  0 

0  12 

30 

^  53 

13  0 

6  51 

34 

7 

53 

29 

15 

0  14 

45 

*  3 

15 

7  15 

35 

8 

54 

3» 

30 

0  17 

9  0 

2  14 

30 

7  41 

36 

9 

55 

32 

45 

0  20 

15 

2  26 

45 

8  8 

37 

10 

56 

34 

5  0 

0  23 

30 

2  39 

14  0 

8  36 

38 

II 

57 

36 

15 

0  27 

45 

2  52 

15 

9  4 

40 

12 

58 

38 

30 

0  31 

10  0 

3  16 

30 

9  34 

41 

13 

59 

40 

45 

0  35 

15 

3  20 

45 

10  5 

42 

H 

60 

4a 

6  0 

0  39 

30 

3  34 

15  0 

10  37 

Add  together  the  lo^.  sin.  of  the  diff.  alts,  (thus  corrected),  the 
log.  cosec.  of  the  interval  (corrected),  the  log.  sec.  of  the  declin.,  the 
log.  cos.  of  the  mean  of  the  two  alts.,  and  the  log.  sec.  of  the  lat.: 
the  sum  (rejecting  tens)  is  the  log.  sine  of  the  hour-angle  at  the 
middle  of  the  interval,  nearly. 

To  find  the  hour-angle  for  the  alt.  nearest  the  meridian,  subtract 
lialf  the  interval  from  this  hour-angle.  To  find  the  hour-angle  for 
the  alt.  furthest  from  the  meridian,  add  half  the  interval  to  the  hour- 
angle  found. 

Note. — If  the  alts,  are  not  measured,  the  merid.  alt,  deduced  from  the  lat.  by  acc« 
ftfrares  No.  452,  may  be  employed,  recollecting  that  this  alt.  U  always  somewhat  ^oo  gr^i, 
except  when  below  ihe  pole,  when  it  is  too  small. 
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Ex.  1  Lat  51^  3<>'N.,  decL  21®  10'  N., 
obtained  ti.  alts.  60®  2/  52"  and  60°  34'  35", 
or  diir.  alts.  6'  43"  at  an  interval  of  ^^  :  find 
the  Honr-ang^le  it  the  time  of  the  alt.  nearest 
the  meridian. 


D.  Alt.  6*  43"  (no  corr.)   sin. 


22®  20" 


(do.) 


Int. 

Decl. 

Mean  Alt.  60   31 

Lat.  51    30 

Mid.  Int.  oh  21"  58* 
i  Int.  —2 

II0U&-ANOLB     19    58 


cosec. 
sec. 

008. 

sec. 
sin. 


7*2909 
1-7581 
0*0339 
9*6921 
0*2058 

8*9808 


Ex.  2.  Lat  40°  N.,  ded.  20®  N.,  ob- 
tained tr.  alts.  69°  58'  and  67^0',  ordiff.  alt. 
z°  58',  with  intenr.  of  47"  39*:  find  tha 
Hour-angle  at  the  time  of  the  alt  ftiithest 
from  the  meridian. 


D.Alt 

Corr. 

D.Alt 
Int 
Decl. 
Mean  Alt 
Lat 

Mid.  T. 
iint 


58^0" 
+  5 


2   58  5 


58'  5" 


48 

20*' 

68 

29 
+  23 


o' 
29 


10^ 

49 


Int    47"  3^ 
Corr.      +21 

48      o 

sin.  8*7142 
008ec.o*682i 
sec     0*0270 

9*5644 
0*1157 

sin.     9*1034 


i  Hova-ANOLB  52    59     (only  2*  too  imalL) 

Ihe  degree  of  dependence  is  chiefly  to  be  estimated  from  the 
effect  produced  by  a  small  change  in  the  diff.  alts. 


V.  Times  of  certain  Phenomrna« 


1.  lime  of  Passing  the  Meridian. 

[1.]  Meridian  Paatage  qftke  Sun. 

623.  The  Apparent  Time  of  the  sun's  meridian  passage  is  0**  0™  0^ 
except  below  the  pole,  when  it  is  12**  0™  0** 

624.  To  find  the  Mean  Time  of  the  meridian  passage: — 

Take  the  Eq.  of  T.  from  page  I.  of  the  Nautical  Almanac,  or 
from  Table  62 ;  reduce  it  for  toe  long,  as  the  Green.  Date.  Then, 
if  the  reduced  Eq,  of  T.  is  additive  to  A.T.,  it  is  the  time  p.m.  of  the 
sun's  meridian  passage.  If  the  Eq.  of  T.  be  suhtractive  from  A.T., 
subtract  it  from  12**:  the  remainder  is  the  M.T.  of  passage. 


Ex.  1.  March  3iBt,  1878;  long.  140^  W.: 
find  Mean  Time  of  Snn*s  meridian  passage. 

Eq.  T.  31st,  +4'»i4«*o 

32d,  +3    55  '9 
Daily  Var.  i8*i 

Long.  9*  20",  var.  18-1 


Red.  Eq.  T.  add  to  A.T.    4 
M.T.  OF  M.  Pass,  ii"*  4'" 7*. 


-7-0 
4   HO 

7-0 


Ex.  2.    Dec.  ist,  1878,  long.   93^  E.t 
find  Mean  Time  of  Son's  meridian  passage. 
Green.  Date,  Not.  30*  17*  48". 


Eq.  T.  30th, 

3I8t, 

Daily  Var. 
17k  48",  Tar.  %%*'^ 

Red.  Eq.  T. 


M.T.  OF  Pass,  i  i**  49"'  8»i. 


-  ii»  8'-3 
— 10   46  'O 

12  '3 

—  16 '4 
II     8  '3 

-  10    51  '9 


[2.1  Meridian  Panage  qfa  Star* 

625.  To  find  the  Apparent  Time  of  a  star's  meridian  passage : — 
At  Sea. — See  Table  279  tu^d  Explanation. 
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Or,  firom  the  R.A.  of  the  star  (adding  24*  if  necessary)  subtract 
tlic  K.A.  of  the  snn  at  noon.  Nautical  Almanac,  page  L,  or  Table  61 : 
the  remainder  is  the  A.T.  required* 


Ex.  1.   Oct.  17,  1878:  And  A.T.  of  the  Mer.  Pass,  of  Sirius. 

By  Table  27.  1  By  Sun's  R.A. 

Oct.  ist,  18"  20» 

For  17  days  59 

Mer.  Pass. 

Or  1 8th, 


17     II  P.M. 


5    II  A.11. 


R.  A.  Sirius  6>»  40«n 

Oct.  17th,  ©'s  R.A.  13  >9 

Mer.  Pass.  17    11  p.m. 

Or  i8thy  5    II  A.M. 


Ex.  2.    Find  the  A.T.  of  the  Mer.  Pass,  of  «  Urs.  Mig.,  above  and  below  the  Pole,  on 
Feb.  I  ith,  1878. 

Ans.     l"*  |6'»  A.M. ;    i^  14"  P.M. 

Ex.  3.    Find  A.T.  of  Mer.  Pass,  of  Capella,  on  July  20th,  1878. 

ANi.    9^    9"  A.M. ;  9*    7"  P.M. 

626.  To  find  the  Mean  Time  of  a  star's  meridian  passage: — 

Accurately. — From  the  R.A.  of  the  star  (increased,  if  necessary, 
by  24'*)  subtract  the  Sid.  T.  at  mean  noon  on  the  day:  the  remainckr 
is  the  approx.  M.T.  of  transit 

Subtract  from  tliis  the  Retardation,  Table  24. 

In  W.  Long.  Subtract  from  this  result  the  Acceleration  for  the 
Long.     In  E.  Long,  add  the  Acceleration. 

The  result  is  the  M.T.  of  meridian  passage. 


V.X,    1.  Jan.  1st,  1878,  long,  i®  9^  W. : 
find  M.T.  of  Mer.  Pass,  of  Aldebaran. 


R.A.  Aldffbaran 
Sid,  T.  Mean  Noon 


Ret.    9*       i»a8*-5 

44"  7 

56- 
1*>  %^  W.,  or  5«  40^ 


1} 


4*'   28"57»i 
^18    44    07 

9    44  56  '4 
-I     35-8 

-'9 


M.T.  Maa.  Pass.        9    43  19  7 


Ex.  2.  May  22d,  1878,  long.  131*'  11' E.: 
find  M.T.  of  Mer.  Pass,  of  Spica. 


R.A.  Spica 

Sid.  T.  Mean  Noon 

Ret.  9'»  1 8"  54« 

Long.  8"  44"  44- 
M.T.  or  Pass. 


13"  1 8"  48»-8 

3    59  55  o 

9    18  53 -8 

—  I  31  -6 


9    17 

+  1 


22  '2 
26    2 


9    iS    484 


Ex.  3.    Ang.  8th,  1878,  long.  90^  15^  E. :  find  M.T.  of  Mer.  Paas.  of  Altair. 

ANi.    iofc36"4i*'8. 

Ex.  4.    Feb.  ist,  1878,  long.  172°  34'  W. :  find  M.T.  of  Mer.  Pass,  of  Reculiu. 

Ans.     13nil"S7**'» 

Ex.  5.    Oet.  zst,  1878.  long.  90^  48'  E.  s  find  M.T.  Mer.  Pass,  of  Markab. 

Anb.    10*  17*  42"9. 


[3.]  Meridian  Ptmage  ^ik$  Moam, 

627.  This  is  required  only  approximately. 

In  W.  LoDff.  take  from  the  Naut  Almanac  the  diff.  between  the 
Mer.  Pass,  of  me  proposed  day  and  the  next  (given  in  mean  time  to 
0™'l).  In  E.  Long,  take  the  diiF.  between  that  for  the  proposed  day 
And  the  day  before.     The  di£  is  the  daily  yariation. 

Take  from  Table  28  the  correction  oorresponding  to  the  daily 
variation  and  longitude.     In  W.  Long,  add  this  corr.  to  the  time  of 
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mer.  pass,  on  the  given  day ;  in  E.  Long,  subtract  it ;  tlie  result  is 
the  time  required. 

When  one  mer.  pass,  has  23^  and  the  next  OS  24"*  must  be  added 
to  the  latter  in  finding  the  Daily  Variation. 


Ex.  I.  Find  Mer.  Pass,  of  C  Jan.  i6th, 
1878,  lonj?,  46®  W. 
Mer.  Pass.  i6thy 
17th, 

Daily  Var. 
46°W.v8r.  6»*-5 


MsR.  Pass. 


Jan.  i6tb,at  io*>  x6"7  r.M. 


10''  9**i 
II  II  '6 

+  7  '6 
10    9  'I 

10  16  *7 


Ex.  2.  Julyi4tb,  1878,  long.  130^^  E.x 
find  the  Mer.  Pass,  of  the  Moon. 

Mer.  Pass.  13*  19*    i"'8 

%%    18    14  •! 

Daily  Var.  47  7 

130®  E.  var.  47"  7  — 16  '8 

a3  19     I  -8 

Mer.  Pass.  23  18  45  'O 

July  a4th,  at  6''45"  a.m. 


628.  As  the  lunar  day,  or  the  interval  between  the  moon's  mer. 
pass,  and  her  return  to  the  same  meridian  again,  exceeds  24  hours 
or  a  mean  solar  day,  an  entire  day  passes  at  certain  intervals  without 
a  lunar  transit.     For  ex. : — 

The  moon  passes  the  meridian  on  the  3d,  at  23''  50™,  or  lO*" 
before  the  noon  concluding  the  3d.  The  lunar  day  being,  at  least, 
40™  longer  than  tl  j  mean  solar  day,  the  moon  will  not  have  reached 
the  merid.  by  about  30™  at  next  noon,  or  that  concluding  the  4th ; 
she  accordingly  passes  the  mend,  about  0**  30™  on  the  6th,  having 
skipped  the  4th  altogether 

There  may  thus  be  no  mer.  pass,  on  the  day  proposed.* 


Ex.   I.  March  3rd,  1878,  long,  ai®  W. : 
(ind  the  Moon*s  Mer.  Pass. 


Mvr.  Pass. 

i*a3''44"-i 

3  *      * 

4  0  »3  '5 

Mer.  Pass. 

26**  o**   7"  7 
25     *      * 
24  23   10  *2 

Daily  Var. 

39  '4 

Daily  Var. 

57    S 

Long.  11®  W.  var.  39 

""4 

+  2  "O 
2  13  44  -I 

Long.  38*^  E ,  var.  57"-5 

5  7 
26    0    77 

Mer.  Pass. 

2  23  46  *i 

Mer.  Pass. 

26    0    2  *o 

March  3rd  at  xi'' 

46- 

'I  A.M. 

October  26fh,  at  0^  1 

I™  P.M. 

Ex.  2.  October  26th,  1878,  long.  38°  E.: 
find  the  Moon's  Mer.  Pass. 


In  W.  Long.,  when  the  sum  of  the  corr.  and  mer.  pass,  exceeds 
24'*,  subtract  24**,  and  reckon  the  time  on  the  next  day.  In  E.  long., 
when  the  corr.  exceeds  the  time  of  mer.  pass.,  add  24**  to  the  latter, 
and  reckon  the  time  on  the  day  before. 


Ex.  1.  Suppose  Ex.   1   above,  the  long, 
to  he  170°  W. 

Ixmg.  170®  W.  var.  39""4  +  i8"'o 

2*  23  44  -I 

Mer.  Pass.  3      o    2  'i 

March  3rd,  at  o^  2*'i  p.m. 


Ex.  2.  Suppose  Ex.  2  above,  the  long 
to  be  90°  E. 

Long.  ^oP  E.,  var.  57-5  - 1 3"  7 

26^  o**   7    7 

MxR.  Pass.  25  23  54 

October  26th,  at  ii''  54*  a  m. 


*  This  occurs  about  the  time  of  conjanction  with  the  sun,  and  the  day  skipped  is  marked 
(5  in  the  Nautical  Almanac.  In  like  manner  a  day  is  skipped  at  the  lower  transit  (under 
the  pole)  at  opposition. 
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[4.]  Meridian  Pottage  qfa  Pltmei. 

62P.  The  meridian  passages  of  the  planets,  like  tfaose  of  the  moon, 
are  given  in  the  Nautical  Almanac  to  0"*-l  of  mean  time. 

A  planet,  of  which  the  R.  A.  increases  faster  than  that  of  the  sun, 
skips  a  day  at  conjunction,  as  observed  in  No.  628  of  the  moon.  On 
the  other  hand,  when  the  R.A.  diminishes,  or  the  motion  of  the  planet 
among  the  stars  is  reversed,  two  transits  occur  within  the  limits  of  the 
mean  solar  day. 

As  the  greatest  daily  variation  of  meridian  passage  of  Venus 
amounts  to  6™  onlv,  the  mer.  passages  of  the  planets  maj  be  taken 
St  once  firom  the  JNautical  Almanac  for  all  practical  purposes. 


2.  Ihne  of  Passage  o/the  Prime  VertieaL 

[1.]  qf  ike  Sum. 

630.  Amroximatehf.  Find  the  Hour-angle  by  Table  29 :  this  u 
the  App.  Tmie,  approximately,  of  the  afternoon  passage ;  the  supple- 
ment to  12^  is  the  Approx.  Appar.  Time  of  the  forenoon  passage. 

Ex.  1.  Jan.  ftoth,  1878,  lat.  39°  S.: 
Sad  the  times  of  the  Sim't  Puiage  of  the 
Prime  ▼crticsl. 

Jan.  aoth,  Sun's  DecLao^  5'  S.,  Table 
29,  lat.  39**  and  decL  %cP,  give  Honr-angle 


4*  13".    The  A.T.  of  the  W.  transit  is  4»»  13* 
pjf.,  that  of  the  E.  is  12^  —4^  ij",  or 

7*  47-  A.M. 


Ex.  2.  June  20th,  1878,  lat.  55°  N.  s 
iind  the  a.m.  and  p.m.  tnuasits  of  the  Prime 
Vertieal. 

Lat  js**  ded.  23"  2/  N.,  or  234°,  Hour- 
angle  4^  52'",  wMch  is  P.M.  transit  t  the 
othier  passage  is  at  7^  8*  a.m. 


631.  Aecuraiely.  Having  found  the  Approx.  App.  Time  as  above 
^a  630%  apply  to  it  the  long,  in  time;  tnis  gives  the  Green.  Date 
in  App.  Time. 

To  this  reduce  the  sun's  declination,  and  compute  the  hour-angle 
by  No.  619. 

Ex.  1.  Aug.  29th,  1878,  required  the  App.  Time  of  Passage  p.m.  at  Tenbj,  in  lat 
51O40  ao"  N.,  long.  4<»  41' W. 

Parts  for' 
51^40' 20'cot.     9*898010     —  86 
9  14  %%  tan,     9*21 1018     +295 

9*109028 
^+209 


5iJ''deeL9jo\ 
Table  S9  gives  J 
4°  41'  W. 

Green.  Date^  29th, 


5"  30^ 
5    49 


DeeL  29lh, 
30th, 


9 
8 


o  19'  33'-8  N. 
58    6  -I  N. 


Bed.  DeeL 


21  27  *7 

549 

5  I* 
9  '9  33  •» 
9  14  21  -8  N. 


0485 
_^'55 
6640 


Cos.  9*109237 
Pasl  p.  Vxbtical,  5^  30"  27* 

Ex.  S.    May  13th,  1878,  find  the  Time 
of  Paaaace  a.m.   at    South    Shields,    lat 
55°  o'  5^'  N.,  long.  i«  25'  W. 
Green.  Date,  May  12'  19''  o" 
Red.  Dedin.  18''  22'  iS'^N. 
A»F.  Tmx  Pa«b.  6*  53"  45*  a.m. 


p.]  Qr«  stm. 

682.  Find  the  A.T.  of  meridian  passage.     When  the  time  of  the 
east  transit   is   required,  subtract  the   Hour-angle  (Table  29^  from 
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this  A.T.  (increased  if  necessary  by  24^)$  for  the  time  ottoesL  ti*ansit, 
(zdd  the  Hour-angla 

Ex.  1.   Find  the  Times  of  Eastern  ind  Western  Transits  of  Prime  Vertical  of  Aldebaran 
at  So.  Shields,  on  Jan.  ist,  1878. 

App.  Time  Mer.  Pass.  Tab .  27    9^  4 1"  91^  4 1  ■■ 

Ded.  16®  lat.  55°  -  5   14  5    14 

iCpp.  Tiici  OF.  E.  Transit,  4  17  P.M.  14  55 

W.  Transit  of  2d,      a  55  a.m. 

Ex.  2.   July  11th,  1878,  lat.  51°  30'  N.  t   find  Times  of  E.  and  W.  Transits  of  Prime 
Vertical  of  •  Lyree.  Aw*  App.  T.  of  Pass.  E.  7^  50"  p-m.  ;  W.    2^  30™  a.m. 

Ex.  8.    Dec.  4th,  1878,  lat.  40^  10'  S. :   find  Times  of  E.  and  W.  Transits  of  Prime 
Vertical  of  Antares.  Am,  App.  T.  of  Pass.  £.8''i">a.m.;W.  2^  17"  p.m. 

Ex.  4.  Ang.  17th,  1878,  lat.  56**  3'  N. :   find  Time  of  E.  Trannt  of  Prime  Vertical  of 
Altair.  An$.   App.  T.  of  Pass.  E.  4^  22"  p.m. 

[3.]  Of  the  Moon. 

633.  Approximately.  Proceed  as  for  a  star,  using  M.T.  for  A-T., 
because  the  time  of  her  mer.  pass,  is  given  in  M.T. 

634.  More  Accurately.  Find  the  approximate  time  as  for  a  star; 
find  the  Green.  Date,  and  reduce  to  it  the  declination.  Find  the 
Hour-angle  by  No.  619.  This  Houi-an^le,  with  the  correct  time  of 
mer.  passage,  gives  the  time  more  neany.  Correct  the  declination 
and  repeat  the  computation.  For  extreme  precision^  a  correction 
would  DO  required  for  the  oblateness  of  the  earth. 

[4.]  QfaPUmeL 

635.  Find  the  M.T.  of  the  Meridian  Passage  of  the  planet,  in  the 
Nautical  Almanac,  and  apply  the  Hour*angle  as  directed  for  a  star; 
the  result  is  in  M.T. 

Ex.  2.  Ang.  Qth,  1878,  lat  49**  56'  B<: 
find  the  Time  of  E.  Transit  of  Prime  Ver. 
tical  of  Jupiter. 

M.T.  Mer.  Pass.  9th  \       ,  c  .-^ 

pagea54N.A.         J       '°    ^^ 
Lat.  50®  S.,  Decl.  ai°  S.  -4  10 

M.T.  or  PASSi  6  47  '•M. 


Ex.  1.  Jan.  I9tb,  1878,  lat.  54°  33'S. : 
find  the  time  of  W.  Transit  of  Prime  Ver- 
tical of  Venus. 

M.T.  Mer.  Pass,  19th  \        v 

page  284  N.A.         ]      *   ^9 
Lat.  54**  S.,  Decl.  6®  S.    -f  5  4a 

M.T.  OF  PASft.  8    SI  P.M. 


3    Times  of  Rising  and  Setting. 
These  are  required  approximately  only. 

[1.]  Of  ike  Sun. 

636.  See  Table  26,  and  Explanation. 

[2.]  Of  a  Star,  the  Moon,  or  a  Planet. 

637.  Find  the  A.T.  (or  M.T.,  according  as  required)  of  the 
meridian  passage.  No.  625,  &c.  Find  the  Hour-angle  at  rising  or 
setting.  No.  620. 

To  find  the  time  of  risina,  subtract  this  Hour-angle  from  the  time 
of  mer.  passa^  (increased  if  necessary  by  24**);  to  find  the  Time  of 
setting,  add  them  together,  rejecting  24^  if  the  sum  exceed  24*". 


SUBORDINATE  COMPUTATIONS. 


211 


Ex.   Jan.  isty  1878,  lat.  50^  N. :  find  A.T.  of  rising  and  setting  of  Aldebaran. 


A.T.  Mer.  Pass.,  Table  27 
$5*  N.,  Decl.  i6«  N. 

A.T.  ov  RisiNO 


9"  41'" 
-7   37 

S    4  P.M. 


A.T.  Mer.  Pass.  9^  41' 

7   37 
A.T.  OF  Sitting      17   18 
Or  at  s**  18"*  A.M.  on  od. 


638.  To  find  the  change  in  the  time  of  apparent  rising  or  setting 
due  to  the  horizontal  refraction  and  the  height  of  the  spectator. 
No.  446(1)  and  (2). 

By  Conqmtation,  Add  together  the  log.  secants  of  the  latitude 
and  declination,  the  log.  cosec.  of  the  hour-angle  at  rising  or  setting, 
and  the  log.  sine  of  34'-f  depr.  for  the  height  of  the  eye,  Table  8; 
the  sum  is  the  log.  sine  of  the  portion  of  time  required,  nearly. 


Ex.  1.  Find  the  difference  of  times  of 
Sunset  to  an  eye  at  the  level  of  the  sea,  and 
on  die  snmmit  of  the  Peak  of  Teneriffe,  on 
May  4th. 

How^angle  at  setting  (No.  621),  6^  35">  5a*. 

Lat.        a8°  16'    sec.      0*0551 

Ded.       16   10     sec.      0*0175 

H.-Ang.  6^  36"  oosec.  0*0054 

34'+  ii/«a®  31'  sin.  8'64«6 

TiMV  Bsa.  ii"»  3*  sin.  8*7206 


Ex.  2.  Lat.  a8''  16' N.,  dedin.  16*^  10' 
N. :  required  the  difference  in  the  times  of 
Sunset  to  the  eye  at  the  lerel  of  the  sea,  and 
derated  16  feet  above  it. 

Honr-angjle  at  lerd  of  the  sea,  6^  35"  5a*. 

Lat.  sec.      0*0551 

Ded.  sec.      0*0175 

Honr-angle    cosec.  0*0054 

34' +4',      sin.  8*0435 

TiMX  Rsa.  3"  %*  dn.  8*1215 


This  process  is  very  nearly  correct  in  low  latitudes,  but  in  high 
latitudes,  where  the  body,  instead  of  rapidly  passing  the  horizon, 
partly  skims  along  it,  the  result,  when  the  dip  is  large,  is  too 
small. 

Thus,  for  the  above  depression,  11 7^  in  lat.  50^  (and  declination 
above),  the  time  comes  out  17°*  23*,  it  should  be  17*"  38*;  and  in 
lat.  60°,  the  result,  24"^  17*,  should  be  26"*  4*. 

639.  More  accurately,  find  the  Hour-angle  of  the  given  celestial 
body  when  below  the  horizon  34'  + depression  due  to  the  observers 
height,  by  No.  642;  this  is  effected  by  using  34'+depr.,  instead  of 
18^.  The  Diff.  between  this  Hour-angle  and  that  found  by  No.  621 
is  the  portion  of  time  required.* 

640.  Since  the  moon  s  parallax  exceeds  the  refraction,  Nos.  433 
and  436,  she  always  appears  below  her  true  place,  and  therefore 
rises  later,  and  sets  earlier,  than  a  more  distant  body  of  the  same 
declination.  Accordingly,  in  the  preceding  rule  we  must  use,  in- 
stead of  34^  the  diff.  between  the  nor.  par.  and  34^  and  the  differ- 
ence instead  of  the  sum  of  the  latter  and  the  depression.  If  the 
depression  is  the  ereater,  the  rising  is  accelerated,  otherwise  re- 
tarded. For  the  nor.  par.  6r,  these  effects  neutralise  each  other 
at  the  height  of  660  feet ;  for  63^  at  320  feet ;  that  is,  to  the  eye 
placed  at  these  heights  the  moon  in  these  cases  rises  and  sets  nearly 
at  her  true  time. 


*  In  etrictness,  however,  some  correction  (sabtractiTe)  is  doe  to  the  reftiotioii  itself 
whea  the  body  is  seen  at  a  considerable  depression 
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4.  Times  of  the  Beginning  and  End  of  Tufilight 

641.  By  Inspection,  See  Explanation  of  Table  5. 

642.  By  Computation.  Add  together  18^^  the  lat^  and  the  poL 
dist.^  take  half  the  sum,  and  from  it  subti*act  18^,  or  the  upper  term. 

.  Add  together  the  log.  sec.  of  the  lat,  the  log,  cosec  of  the  poL 
disty  the  log.  sine  of  the  half  sum,  and  the  log.  cos.  oi  the  re- 
mainder; the  sum  (rejecting  tens)  is  the  log.  sine  squai*e  of  the 
sun's  hour-angle  when  18®  below  the  horizon. 

This  Hour-angle  is  the  App.  time  of  the  end  of  twilight,  p.m.  , 
and  the  supplement  to  12^  is  the  App.  time  of  the  beginning^  A.M. 

NoTB. — ^The  deolination  at  noon,  and  4,  or  eren  3,  places  in  the  logs,  are  enough  for  thia 
purpose. 


Ex.  1.   April  2id,  1878,  lat.  51**  46' N. : 
find  the  Beginning  and  End  of  Twilight. 


Ex.2.   Dee.  sist,  1878, lat.  55**  I'N.t 
find  the  Beginning  and  End  of  Tmlight 


Const. 

Lat. 

P.D. 

i8'»   0' 
SI  46 

77  45 

147   31 

sec.       0*2084 
cosec.    o'oioo 

Const. 

Lat. 

P.D. 

18^   0' 

55     » 

113  27 

186  28 

sec.  0*2416 
oosec.   0*0374 

End 
Bbo. 

73  45 
55  45 
9>»28» 

2    32 

sine       9*9823 
cosine  9*7504 

8inesq.9'95ri 

End 
Bbo. 

93    14 
75    >4 
5»»5a» 
6     8 

sine  9*9993 
cosine   9*4063 

sine  sq.  9-6846 

Ex.  3.    March  3d,  1878,  lat  60°  4/  S.  Twilight  begins  2^  8'"  .^.m.,  ends  tf"  5a"  p.m. 

Ex.  4.   Jan.  2d,  1878^  lat.  70°  1'  N.,  Twilight  begins,  h^  42"  a.m.,  ends  5**  i8*  p.ifn 
the  snn  not  appearing  above  the  horison. 

643.  The  duration  of  twilight,  or  the  interval  between  the  begin- 
ning of  twilight  and  the  sun's  rising,  or  between  sunset  and  darkness, 
is  ^Dund  by  taking  the  differences  of  these  times.  Thus,  in  Ex.  1» 
it  is  9**  28'"  - 1^  3™  (setting.  Table  26),  or  4'*  67"  (rising)  -2*-  32", 
which  is  2"  25".     In  Ex.  2,  it  is  6''  52"»  -  3»»  27",  or  2^  26". 

The  shortest  duration  is  at  the  equator,  when  the  sun  moves 
through  18^  in  1^  12";  at  the  poles  it  continues  several  months. 

When  the  lat.  (of  the  same  name  with  the  decl.)  exceeds  the  compL 
of  18^  +  decl.,  the  sun  is  less  than  18^  below  the  horizon  at  midnight, 
or  twilight  lasts  all  night,  as  for  ex.  with  lat.  68^  N.^  decL  21^  N. 


VI.  Altitudes. 

1.  Correction  of  the  Observed  Altitudes. 

644.  The  corrections  necessary  to  reduce  an  altitude  observed 
from  the  sea-horizon  with  a  sextant  or  circle  to  the  true  altitude, 
consists  of  the  Index  Correction,  the  Dip,  the  Correction  of  Altitude 
(or  the  joint  effect  of  refraction  and  parallax.  No.  438,)  and,  in 
certain  cases,  the  Semidiameter. 
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When  one  of  the  instruments.  No.  622  or  523  is  used,  the  Dip  is 
omitted ;  the  constant  correction  should  be  applied  the  first  thiug. 

645.  The  apparent  alt.  is  deduced  from  tne  observed  alt.  by  ap- 
plying all  the  above  corrections  except  refraction  and  parallax. 

646.  When  the  altitude  is  less  than  10°,  the  mean  refraction  in 
Table  31  may  be  in  error  more  than  1^  and  should  be  corrected  by 
Tables  32  and  33  if  a  barometer  and  thermometer  are  at  hand.  For 
precision,  this  is  necessary  in  all  cases. 

[1.]  T\>  Correct  the  Sim'9  Altitude. 

647.  At  Sea.  Apply  the  Ind.  Corr. ;  subtract  the  dip  corre- 
sponding to  the  height  of  the  eye.  Table  30 ;  subtract  the  refraction 
for  this  alt..  Table  31,  to  the  nearest  minute. 

When  the  lower  limb  is  observed,  add  16'  to  this  reduced  alt. ; 
when  the  tqfper  limb  is  observed,  8td>tract  \&;  the  result  is  the  true 
or  corrected  alt.  of  the  sun's  centre. 


Ex.  1.  OIm.  alt  of  0  »8®  54',  ind. 
corr.  +3',  bdght  of  the  eye  x6  feetx  re- 
qoiied  IViie  Alt.  of  the  oeatre. 


Che.  Alt. 

a8*»  54' 

Ind.  Corr. 

+  3 

»8   57 

Dip 

-4 

a«   S3 

Befr.  (for  29°) 

—  2 

28   51 

Semid.  (low.  I.) 

+  16 

TntJB  Alt. 

29     7 

Ex.  2.  Obs.  alt  of  0  42°  ii',  ind. 
corr.  —  1/,  height  of  the  eye  30  feet :  re- 
qnired  True  Alt.  of  the  centre. 

Obe.  Alt  42°  11' 

Ind.  Corr.  —  17 


Dip 
Refr.  (for  42*0 

41   54 
-5 

41  49 
—  I 

Semid.  (upper  I.) 

41  48 
—  16 

TnuB  Alt.    41   32 

Ex.  3.    Obs.  alt.  Q  10^  4',  ind.  corr.  -r  2',  height  of  eye  18  feet :  reqniied  the  True  Alt. 
of  Sun's  centre.  Tnus  Alt.  10^  13  • 

Ex.  4.    Obs.  alt  0  42®  ii',  ind.  corr.  ^i/,  height  of  eye  30  feet:  required  the  Tme 
Alt  of  the  centre.  Tbus  Alt.  41°  32'. 

648.  In  the  open  sea,  where  an  error  of  2^  or  3'  of  lat.,  and  a 
corresponding  error  of  lon^.,  are  of  no  great  consequence,  the  corr. 
of  alt.  for  the  sun  (when  the  lower  limb  is  observed),  may  be  taken 
from  Table  38,  in  which  it  is  given  to  the  nearest  minute. 


Ex.  1.    (Ex.  1  abore.) 

Obs.  Alt  0 
Ind.  Corr. 

»8"54 
+  3 

Ex.  2.    (Ex.  3  abore.) 

Obs.  Alt  0          io«  4 
Ind.  Corr.                  +  2 

Ht  16  £,  Alt  29<'  Corr. 

28   57 

+   IX 

xo     6 
Ht  18  f.,  Alt  10°,  Corr.     +  7 

Tbub  Alt. 

29     8 

TnuB  Alt.    xo  X3 

If  the  upper  limb  has  been  observed,  proceed  as  above,  and 
deduct  32^ 

Ex.    Obs.  Alt  0  88**  4c/,  Ht  of  Eye  30  f.,  Ind.  Corr.  —  5',  Tans  Alt.  88^  14'. 

649.  Accurately.  Apply  the  ind.  corr.  and  (at  sea)  the  dip; 
correct  the  refr.  by  Tables  3*2, 33 ;  take  the  semid.  and  parallax  from 
the  Nautical  Almanac ;  and  subtract  the  parallax  in  alt.,  Table  34 

Minute  accuracy  in  alt.  at  sea  can  rarely  be  worth  the  trouble 
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bestowed  upoD  it,  from  the  uncertain  state  of  the  sea-horiion.    The 
examples,  No.  651,  will  serve,  supplying  the  dip. 

650.  When  the  altitude  of  either  limb  of  the  sun  is  observed,  and 
the  altitude  of  the  other  limb  (which  will  appear  the  same  in  the 
instrument)  is  observed  from  the  opposite  point  of  the  horizon 
(No.  535),  take  half  the  diff.  of  these  angles  and  add  to  it  the 
correction  of  alt. ;  the  sum  is  the  true  zen.  dist. 


@ 


Ex.  1.     Obs.  Alt  2  S.  63*49'lo^ 
N.  1 1 5°  46' 20'':  required  the  true  Zenith 
istance. 


QN. 
S. 


ii5*'46'  ao" 
63  49  20 


»)5i_J7__o 

App.  Zen.  Dist.     25   58   30 
Refr.  •¥  29 

Tbub  Z.  DiBT.    25   58   59  N. 


Ex.  2.     Obs.  Alt.  Q  N.  81'  59'  cT, 

g)  S.  97^  40'  30":  requiied  the  troe  Zenitk 
Istai 


itanoe. 


QS. 

N. 


97**  40'  30^ 
81   59     o 


2)  15  4'    30 

App.  Zen.  Dist.       7   50  45 

Refr.  -h  8 

Trqb  Z.  D18T.    7   50  53  S. 


651.  On  Shore.  When  the  alt.  is  observed  from  the  quicksilver, 
apply  the  ind.  corr.  at  once;  halve  the  result,  and  proceed  as  in 
TSo.  649,  omitting  the  dip. 


Ex.  1 .  Jan.  I  st,  1 87  8,  alt  0  in  the  quick  - 
silver  17®  24'  o',  ind.  corr.  —  4'  50',  bar. 
30*6  in6k,  therm.  44^ :  find  the  True  Alt. 

Obs.  Alt.  Q  17®  24'    o' 
Ind.  Corr.  ~4   50 

M.  Refr.    6'   6'x 
Therm.       +   5 


Bar. 


Par. 


fi  88 

-  9 


Corr.  of  Alt.  6     9  / 


2)17   19    10 
8  39   35 


'  Corr. of  Alt.    ~6     9 


Semid. 


8   33  26 
+  16   18 


T&UB  Alt.      8  49  44 


Ex.2.  July  I  St,  1878,  alt  0  60°  ii'4o'» 
ind.  corr.  +  2'  35',  bar.  29*2,  therm.  76®: 
find  the  Tme  Alt 

Obs.  Alt0  60®  u'  40* 
Ind.  Corr.     -y  235 

M.  Refr.   i'  41'-^ 
Therm.       —  5 


Bar. 


Par. 


-  3 

«   33 

—  7 


2)60    14   15 


Corr.  of  Alt  i   26  / 


30     7     7 


Corr.  of  Alt  —  i   26 
Semid.  —15  46 

Tkub  Alt. 


29  49  55 


Ex.  3.    May  3d,  1878,  obs.  alt.  0  in  the  qnicksilyer  116°  14'  o',  ind.  corr.  +  2'o', 
bar.  29*2,  therm.  58^ :  required  the  True  Altitude.  Tkui  Alt.  58®  23'  23'. 

Ex.  4.    July  9th,  1878*  obs.  alt  0  in  the  quicksilver  120^1/  50',  ind.  oor.  +54', 
bar.  29*8,  therm.  62° :  required  the  True  Altitude.  True  Alt.  60°  24'  39'. 


[S.]  T\i  Ourr^  ti  Star  or  a  Pimut'i  AliUudt. 

662.   At  Sea.     Apply  the  index  corr.;   subtract  the  dip  and 
refraction. 


Ex.  1.  Obfl.  alt  of  a  star  10''  28',  ind. 
M>rr.  -f  1',  height  of  eye  16  feet:  required 
the  True  Alt. 

10^28' 
+  a 

10  30 
Dip  4'  and  Refr.  5*         —9 

Teus  Alt.       10  11 


Ex.  2.  Obs.  alt.  of  a  star  46"  i%\  ind. 
corr.  —3',  height  of  eye  16  foots  required 
the  True  Alt. 

46*  la' 
Sub.  3',  4',  and  i*  8 

Trus  Alt.    46    4 


Or,  having  corrected  for  index  error,  subtract  the  oorr*  in  Table  38. 
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Ex.  3.  Obs.  alt.  of  the  planet  Veniis 
30^  14',  ind.  corr.  +  3',  hdght  c^  eye  12  feet : 
reqniied  the  Troe  Alt. 

Obe.  Alt. 
Ind.  Corr.  +  3'  \ 
Table  38,    -5  / 

Tbub  Axt. 


30"  14' 

— » 


30   12 


Ex.  4..  Obs.  alt.  of  the  planet  Man 
78®  57',  ind.  corr.  +  7,  height  of  eye  30  feet : 
required  the  True  Alt. 

Oba.  Alt. 
Ind.  Corr.  +  /  \ 
Table  38,    -5  / 

TaxTB  Alt. 


78^5/ 
+  a 


78   59 


653.  Accurately.  Proceed  as  for  the  sun,  No.  649,  omitting 
semidiaineter. 

A  star's  corr.  of  alt.  is  the  refraction  alone,  No.  438,  p.  147. 

For  a  planet,  find  the  hor.  par.  in  the  Nautical  Almanac ;  find 
the  par.  in  alt.  corresponding,  m  Table  45,  and  deduct  it  from  the 
refraction. 


Ex.  1.    Obs.  Alt.  of  Sinus  in  the  quick- 
37®  9'  35",  ind.  corr.  — /  30  ,  bar. 
^'%,  tfaenn.  42° :  required  the  True  Alt. 

^  Obs.  Alt.        37=    9'  35^ 
Ind.  Corr.  —7  30 


a)  37 


M.Refr.  »'53" 
Therm.     +   3 
Bar.         +   I 

Corr.    — »  57 

Trub  Alt. 


18   31 


-2  57 


18  28     5 


Ex.  3.  Dec.  2i8t,  1878,  obs.  alt.  Venus 
in  the  quicksilyer  116^48'  40',  ind.  corr. 
+  i'  40',  bar.  29*8,  therm.  62** :  required 
the  True  Alt. 

Venus'  H.P.,  p.  277,  N.A.  5'-2 

Obs.  Alt.        Ji6°48'40' 
Ind.  Corr. 


M.  R«fr.  o'  35'-9> 
Therm.        ~o  '9 
Bar.  —  o  -2 


+  I   40 
2)116   15  20 
58   25    10 


P^r. 


o   34  8 
-2-6 


— o   32 


Corr.  of  Alt.  o   32  -2 > 
Tbub  Alt. 


58   24  38 


Ex.  2.  Obs.  alt.  of  a  Polaris  in  the 
mercury  102®  38'  30",  ind.  oorr.  + 1'  30'', 
therm.  62^,  bar.  30  inch. 

s|e  Obs.  Alt.  102°  38*  30'' 

Ind.  Corr.  + 1  30 


M.  Refr.  -o'  46"-8 
Therm.       —1  -2 

Corr.        o  45  '6 
Tbvb  Alt. 


2)  X02    40      O 

51   20     O 
— O  46 


51     19    14 


Ex.  4.  Feb.  26tli,  1878.  obs.  alt.  Man 
in  the  quicksilvef,  41^  49  30',  ind.  corr. 
+  x'  20',  bar.  29*2,  therm.  58®:  'required 
the  True  Alt. 

Mare'  H.P.,  p.  278,  N.A.  5'-5 
Obs.  Alt. 
Ind.  Corr. 


M.  Refr.  2'  3i'-8\ 
Therm.       —3 
Bar.  —4 


Par. 


2  24*8 


4i%9'3o' 
+  I  20 

2)41  50  50 

20  55  25 


—  2  20 


Corr.  of  Alt.  2   197^ 
Tbub  Alt. 


20  53     5 


[3.]  7b  Correct  the  Moon'e  AUitude. 


654.  At  Sea.  Find  the  Green.  Date  roughly,  and  take  out  of 
the  Nautical  Almanac  the  hor.  par.  and  seiuia.  to  the  nearest  noon 
or  midnight. 

Apply  the  ind.  corr.  to  the  alt.,  subtract  the  dip;  when  the  hwer 
limb  IS  observed,  add  the  semid. ;  when  the  upper  limb  is  obseryed, 
subtract  it ;  the  result  is  the  ojcp.  alt.  of  the  centre. 

With  the  A.  alt.  and  hor.  par.  find,  in  Table  39,  the  moon's  corr. 
of  alt.,  which  add.  The  result  is  the  true  or  corrected  alt*  of  tJbe 
moon's  centre,  approximately. 
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Ex.  1.*  May  x3th,  1878,  long.  5a®  W., 
at  8*  4a"  P.M.,  obs.  alt.,  J^  37"  10',  ind. 
corr.  +  3',  height  of  eye  14 feet:  required 
the  Tme  Alt. 

The  Gr.  Date  is  13th,  i%^  ic",  H.P.  at 
midnight  60',  aemid.  16'. 

Ind.  Corr.     +   3' 

Dip  -  4  J  +«5 

Semid.  +  x6 


37«  as',  H.P.  60^ 
TauB  Alt. 


37  »5 
-f46 

38  II 


Ex.  2.  Sept  18th.  1879,  long.  160^  E., 
at  %^  A.M.,  obe.  alt  j^  ^>°  ^^'>  height  of 
eye  16  feet,  ind.  corr.  ^3':  find  the  Tme 
Alt. 

The  Gr.  Date  i7tb,  3>  ao",  H.P.  at 
noon,  55'.  semid.  15  . 

■y      61"  «>' 
Ind.  Corr.    —  3') 
Dip  —  4  J  — »» 

Semid.  —iS  )  

60  58 
ei^'o',  H.P.  55'         ■I-16 

True  Alt.  61  24 


Ex.  3.  Jan.  3d,  1878,  long,  159**  E.,  at  9**  lo"  p.m.,^  85®  41',  height  of  eye  %o  feet, 
ind.  corr.  +  3'  True  Alt.  86°  i'. 

Ex.  4.  July  5th,  1878,  long*  172**  W.,  at  3^  am.,  "^  14°  28',  ind.  oorr.  o',  height  of  eye 
iS  feet  True  Alt.  15°  1'. 

655.  Accuraielv.  (1.)  Reduce  the  hor.  par.  to  the  Gr.  Date^  and 
find  the  semid.  Table  40.  Reduce  the  par.  by  Table  41^  and  augment 
the  semid.  Table  42. 

(2.)  Take  out  the  refraction  for  the  limb  observed^  correct  it  for 
barom.  and  therm.;  subtract  this  corrected  re&action  from  the  alt. 
and  ftpply  the  augmented  semidiameter. 

(3.)  To  the  log.  sec  of  the  alt  thus  reduced  add  the  prop.  log. 
of  the  reduced  hor.  parallax ;  the  sum  is  the  prop.  log.  of  the  parallax 
in  alt  This  par.  added  to  the  reduced  alt  gives  the  true  alt  of  the 
centre. 

As,  however,  the  degree  of  precision  obtained  by  these  precepts 
will  rarely  be  required,  we  shall,  in  the  following  example,  employ 
Table  39. 

Ex.  i.  July  30th,  1878,  lat.  41^  S.,  long.  42®  13'  W.,  at  sf"  ^4"  38*  M.T.  obs.  alt  J^ 
36°  39'  50',  ind.  corr.  +z'  17',  height  of  eye  22  feet;  therm.  72'',  bar.  29*1  :  required  the 
True  Alt. 

The  Gr.  Date,  30th,  8*  1 3"  30" 
H.P.  30th,  Noon  59'  SS^'^ 

3otb,Midn. 

i»-hourly  Var. 

8*  14",  var.  10'' -6 


Equat  H.P. 
Red.  for  Lat 

Red.  H.P. 

fiemid.  oorretp.  to  59'  58" 
Augment. 

Aug.  Semid. 


60 

6 

•2 

+  10 

•6 

+  7 

•2 

59 

55 

•6 

60 

2 

•8 

-5 

•» 

59 

57 

•6 

i6' 

21" 
10 

x6  31 


Obe.  Alt 
Ind.  Corr 
Dip. 


360  39'  50" 

-4  30  / : 

36  37  37 

Aug.  Semid.  -H^  31 

;6  54   « 


36<»  so'  and  59'        4?  56 

4  -  « 

58*  +47 


Therm 
Bar 


46  41 

irm.  72°,n«6.  f\        ^ 
.  29-1       wb,  %  J  * 


46    46     4  46  46 
True  Alt.  37  40  54 


656.  When  the  moon  is  referred  to  the  opposite  point  of  the 
horizon.  No.  535,  half  the  diif.  of  the  alt.  and  its  supplement  is^the 
zenith  distance  of  the  illuminated  limb,  to  which  the  augmented 


*  The  examples  being  given  merely  in  lUojtration  of  the  ralea,  no  fegard  hat  been  paid 
t»  tlie  TMibili^  of  tbe  moon  at  the  time  and  place  spedfied. 
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semid.  is  to  be  applied  the  contrary  way  to  that  directed  for  the  alt. 
In  certain  eases  both  limbs  can  thus  be  observed,  No.  540,  and  the 
eemidiameter  avoided. 

2.  To  Reduce  the  Tnte  to  the  Apparent  Altitude. 

[1.]  Far  the  Stm,  a  Star,  or  a  Pkmei, 

657.  Take  out  the  refraction  to  the  true  alt.  as  if  for  the  app. 
alt.,  correcting  it,  when  necessarv,  for  the  barom.  and  therm. ;  ^- 
tract  the  parallax  in  alt,  add  the  remainder  to  the  true  alt.,  and 
subtract  the  correction  in  Table  43. 

[2.]  I^  the  Moon. 

658.  find  her  corr.  of  alt.  for  the  true  alt.,  as  if  for  the  app.  alt., 
and  apply  the  corr.,  Table  44. 

Ex.      >  *n  Hor.  Far.  $9%  True  Alt.        48^  41^  1%" 
48^41'.  and  59',- 38' 6"^        _    . 
CoiT.  TU)le  44,      -aS  /  ^g  34 

App.  Alt.      48     »  38 

659.  To  reduce  the  app.  alt.  to  the  observed  alt.  for  a  particular 
instrument  and  given  height  of  the  eye,  apply  the  ind.  corr.  the 
opposite  way,  and  add  the  dip. 

3.  Reduction  of  Two  Altitudes  to  an  Intermediate  Point  of  Time. 

660.  Two  altitudes  observed  at  periods  of  time  not  distant,  afford, 
by  simple  proportion,  the  altitude  at  an  intermediate  time. 

(1.)  Find  the  interval  between  the  time  of  the  1st  alt.  and  the 
time  proposed,  and  call  it  the  partial  interval. 

(2.)  To  the  prop.  log.  of  the  partial  interval  add  the  ar.  co.  prop. 
\og.  of  the  whole  interval,  and  the  prop.  log.  of  the  diff.  of  alts. ;  the 
sum  is  the  prop.  log.  of  the  change  of  alt.  in  the  partial  interval. 

(3.)  When  the  1st  alt.  is  the  lesser ^  add  this  change;  when  it  is 
the  greater^  subtract  the  change. 

Ex.  1.    At  iol>  i8">  4*  by  watdi,  obs.  an  alt.  54^  56' ;  at  lo*'  %^  11*  oba.  a  aeoond  alt. 
Sf  12' :  leqnMl  the  Ah.  at  lo^^  13"  6*. 

Alt.   54**  ?6'         time  10*  i8»  a»\         «    .  , 

,0  13     6  I        5"  »•  Pr>  log-  i'553 

55   11  10  29   II  ;      II    7        ar. 00. p. log.  8'79r 

Difll         16 pr.  log.  1*051 

Change  of  Alt.  /  pr.  log.  1*395 

S4  56 
Alt.  req.     55     3 

Ex.  2.    At  12^  $7»  24*  by  watdi,  obs.  an  alt  39°  2';  and  at  i^  8»  i8*  obs.  a  second  alt. 
36**  4a' :  required  the  Alt  at  i*»  i"»  2^.  Change  of  Alt  — o®  53',  and  Alt.  req.  38°  9'. 

Ex.  3.    At  c*  58"  36*  by  watch,  obi.  an  alt  47"  33',  and  at  i*»  5">  47*,  obs.  a  second  alt 
52' :  leqniied  the  Alt  at  i^  x"  2^.  Change  of  Alt  -f  8',  and  Alt.  req.  47*^  41'. 


47** 


The  altitude  thus  deduced  differs  from  the  true  alt.  by  a  propor- 
tional part  of  the  2d  diff.  of  alt.  upon  the  interval,  No.  «^58.     The 
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method  serves  very  well  when  the  azimath  is  large,  or  the  object 
60^  or  more  from  the  meridian,  or  less  if  the  interval  be  small ;  bat 
in  cases  near  the  meridian  the  result  will  be  sensibly  in  error,  unless 
the  interval  is  very  small.  The  error  arising  from  the  neglect  of  the 
2d  diff.  will  be  less  as  the  intermediate  time  is  nearer  to  the  beginning 
or  end  of  the  interval. 

4.  Reduction  of  an  Altitude  to  another  Place  of  Observation. 

661.  The  run  of  the  ship  in  the  interval  between  the  taking  of 
the  two  altitudes  which  constitute  certain  observations,  renders  it 
necessary  to  reduce  one  to  the  place  of  the  other. 

When  the  ship  approaches  the  sun  directly  she  raises  him  1  for 
each  mile  of  distance  made  good.  When  the  sun  bears  obliquely 
(as  for  ex.  3  points)  from  the  course  made  good,  if  we  consider  the 
angle  between  this  last  course  and  the  sun's  bearing  (or  3  points)  as 
a  course,  the  space  by  which  the  ship  approaches  the  sun  is  the  D. 
Lat.  corresponding  to  her  Dist.  made  good.* 

When  the  sun's  bearing  is  at  right  angles  to  the  course  made 
good,  the  ship  neither  approaches  nor  recedes  from  him ;  when  the 
bearing  is  abaft  this  line,  she  drops  the  sun. 

When  it  is  required  to  reduce  an  alt.  observed  at  1  o'clock  (for 
ex.)  to  what  it  would  have  been  if  observed  at  the  place  where  the 
ship  is  at  2  o'clock,  the  ship  having  approached  the  sun,  we  have 
merely  to  add  to  the  alt.  observed  at  1  o'clock  the  portion  of  space 
or  arc  by  which  the  ship  would  have  raised  the  sun  in  P,  if  he  had 
preserved  his  bearing  at  1  o'clock  unaltered.  Hence  the  following 
rules. 

To  reduce  the  1st  alt.  to  the  second  place  of  observation. 

(1.)  Take  the  diff.  between  the  bearing  of  the  body  at  the  first 
observation  and  the  ship's  course,  as  a  Course,  and  the  dist.  run  as  a 
Distance;  the  D.  Lat.  corresponding  is  the  reduction  for  run. 

(2.)  When  this  course  is  less  than  90^  or  8  points,  add  the  red. 
to  the  first  alt. ;  when  the  said  course  exceeds  90^  or  8  points,  sub- 
tract  the  red. ;  the  result  is  the  alt.  reduced  to  what  it  would  have 
been  if  observed  at  the  second  place  of  the  spectator. 

If  the  ship  does  not  preserve  the  same  course,  the  course  made 
good  must  be  employed. 

As  it  is  difference  only  of  bearing  or  azimuth  that  enters  into  this 
question,  the  variation  (supposed  tne  same  at  both  observations)  is 
not  considered ;  but  if  the  ship's  course  changes,  the  local  deviation, 
when  large,  should  be  attended  to. 

Ex.  1.  Obsenred  the  sun's  alt.,  the  son  bearing  S.E.  by  E.  \  E.,  the  oonne  E.  by  N.  \  N 
^'by  compass).     Sailed  for  i*>  15"  at  the  rate  of  7I  knots :  required  the  Reduction  of  the 
Alt.  for  Run. 

From  S.E.  by  E.  }  E.  to  E.  is  2}  pts. ;  finom  E.  to  E.  by  N.  |  N.  is  i|  pts.  The  coone 
4|  points,  and  dist.  9*4,  g^iTe  D.  Lat.  6'*3  the  Rbduotiom  to  be  added  to  the  Alt. 

*  As  the  distance  is  described  upon  a  spherical  surface,  in  strictness  a  correction  is  neces- 
sary ;  also  the  dist.  made  good  on  the  spiral  rhumb  should  be  rednced  to  that  on  a  gretA 
circle ;  but  these  refinements  are  generally  inconsistent  with  the  rude  data  of  the  question. 
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El.  2.  Sun  South,  alt.  55°  3o'*5,  ooune  E.  by  N.,  rate  6*8  knots,  interval  ii" :  rednce 
the  Alt  for  the  Rnn. 

The  suppl.  of  9  pts.y  or  7  pts.,  and  dist.  1*4,  give  D.  Lat.  0*27,  or  o''i,  which  tubtraeted 
from  55°  30  * 5,  gives  55°  3o'*2,  the  Alt.  required. 

Ex.  3.  Obs.  son's  alt,  sun  bearing  N.E.  |  E.,  coarse  N.W.  4  N.,  sailed  for  36i"  io«  at 
the  rate  of  10*2  knots :  required  the  Reduction  for  Run.  The  Reduction  is  o'-o. 

Ex.  4.  Obs.  a  star's  alt.  37°  iS  40",  bearing  S.E.  by  E.  4  E.,  course  N.W.  by  W.  4  W., 
rate  5'S  knots,  interval  2^  24"* :  reduce  the  Alt  for  Run. 

The  Reduction  is  i3'*9  to  9ub» ;  the  Alt.  37°  4''8. 

When  the  course  at  the  Ist  observation  is  directly  towards  the 
sun,  the  dist.  run  in  the  interval  is  the  correction,  and  is  to  be  added 
to  the  Ist  alt. ;  when  directly  from  the  sun,  to  be  subtracted. 

iSx.  Obs.  son's  alt.  20®  7'  30^^,  bearing  E.S.E.,  course  E.S.E.,  rate  5*4  knots, 
Bkterral  3^  6"' :  reduce  the  Alt  for  Run. 

The  Reduction  is  i6'*7  to  addi  the  Alt.  29°  24''i. 

662.  To  reduce  the  2d  alt.  to  the  first  place  of  observation. 
Take  the  bearing  at  the  last  observation ;  find  the  reduction  of 

the  alt.  as  above,  and  apply  it  to  the  2d  alt.  the  contrary  way  to  that 
directed  in  (2)  above. 

Sz.  I.  Observed  the  sun's  alt.,  sailed  S.S.W.  for  48"'  at  the  rate  of  34  knots,  when  the 
2d  ah.  wsis  taken,  the  sun  bearing  W.S.W. :  required  the  Collection  of  this  Alt.  for  Run. 

From  S.S.W.  to  W.S.W.  is  4  pts.  The  course  4  pts.,  and  Dist.  2*S,  giTC  the  D.  Lat. 
2*0  to  be  tubtraeted  from  the  2d  Alt. 

Ex.  2.  Course  N.W.  by  N.,  obserred  the  son's  alt.  After  sailing  fbr  i^  36"  at  8*2  knots, 
obeerred  the  2d  alt.  39°  44.',  the  sun  bearing  E.S.E. 

From  N.W.  by  N.  to  E.S.E.  is  13  pts. ;  then  the  course  3  pts.,  and  Dist.  13*1,  give 
D.  Lat  io*9y  which  added  to  39*^  44'  gives  39°  sV*9»  the  Alt.  reduced. 

When  the  course  at  the  2d  observation  is  directly  towards  the 
son,  the  dist.  run  is  the  correction,  and  is  to  be  subtracted  from  the 
second  alt. ;  when  directly  from  the  sun,  it  is  to  be  added. 

6.  To  find  the  Altitude. 

[1.]  On  the  MeHdiim. 

663.  For  the  sun,  the  moon,  or  a  planet,  find  the  time  of  Mer. 
Pass.,  No.  623,  &c.,  and  reduce  the  declin..  No.  679,  &c.  Find  the 
colat.  When  the  lat.  and  ded.  are  of  the  same  name  take  the  sum 
of  the  colat.  and  decl. ;  when  of  different  names,  their  diff*. ;  the 
result  is  the  mer.  alt.     If  the  sum  exceeds  90^  take  its  complement. 

Below  the  Pole.  Find  the  pol.  dist.,  and  subtract  it  from  the 
latitude. 

[2.]  On  the  Prime  Veriieal. 

664.  By  Inspection.    See  Table  29,  and  Explan. 

666.  £y  Computation.  (1.)  Find  the  approx.  time  of  Passage, 
No.  630;  to  this  reduce  the  declin.,  in  the  case  of  the  sun,  moon,  or 
a  planet. 

(2.)  Add  together  the  log.  sine  of  the  declin.,  and  the  log.  cosec. 
of  the  lat. ;  the  sam  is  the  log.  sine  of  the  true  alt.  required. 
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4"  46' 
+  io 


Ex.  1.   July  i»th,  1878,  lat  51°  48*  N., 
long.  4^  56'  W.  t  find  the  Son's  Alt.  on  the 
prime  Vertical,  W. 
Table  29,  Lat.  52°,  Ded.  22®, ) 

Hour-angle,  or  App.  Time  / 
Long.  4^  56'  W. 

Green.  Date  12th, 

0  Ded.  12th, 
13th, 

Daily  Var. 
5»»  gives 


DaUy  Var.  8'  and 
Red.  Ded.  is  21^  56' 
Ded.  21°  56' 
Lat.    51   48     - 

Alt.  28   23 


2',  whence 


sine      9*57232 
oosec.  c  10466 

sine     9*67698 


Ex.  2.   Lat.  50''  48'  N. :  find  the  Alt  of 
«  Lyrse  on  the  Prime  VerticaL 


Decl.  38**  40' 
Lat.    50  48 

Alt.   53  44 


sme      979573 
cosec.  011073 

sine     9*90646 


Ex  3.  Lait.  46''  14'  N. :  find  the  Alt  of 
Capella  on  the  Prime  Vertical. 

sine     9*85596 
cosec.  o' 141 36 

sine     9*99732 


Ded.  45*»  52' 
Lat    46   14 

Alt.  83   38 


[3.]  Tb  fnd  the  AlHtude,  the  Hour-angle  bet 

666.  J3y  Inspection.    See  Explan.  of  Table  6. 

667.  By  Computation.  Having  (in  the  case  of  the  sun,  moon^  or 
planet)  found  the  Gr.  Date  and  the  declination. 

Take  the  suppl.  of  the  hour-angle  to  12^ ;  add  together  the  poL 
dist.  and  colat. 

Add  together  the  log.  sine  square  of  the  suppl.  of  the  hour-angle, 
and  the  log.  sines  of  the  pol.  dist.  and  colat. ;  the  sum  (rejecting 
tens)  is  the  log.  sine  square  of  an  auxiliary  arc  x. 

Write  X  under  the  sum  of  the  pol.  dist.  and  colat.  and  take  the 
sum  and  diff ,  and  half  the  sum  ana  half  the  diff. 

Add  together  the  log.  sines  of  the  last  two  terms;  the  sum 
(rejecting  tens)  is  tf^e  log.  sine  square  of  the  zen.  dist 


Ex.  1.    Lat  22°  15"  N.,  decl. 
(working  to  the  nearest  minute). 


2®  49' S.,  hoar-angle  2^  I4"  36*1 


th0  Alt. 


Hour-angle 

2«l  I4»  36* 

Suppl. 

9   45    14 

sin.  sq.  9*96200 

P.  Dist 
CoUt. 

9»^  49' 
67    45 

rine  9*99947 
sine       9*96639 

Sum 

160    34 
133    57 

Arc« 

sin.  sq.  9*92786 

Sum 
Diff. 

194    31 
26    37 

4S. 

H7    15 
13    18 

sine  9*73318 
sine       9*36182 

Zen 

.  Dist.  41°  19' 
Alt.  48  41 

sm.  sq.  9*09500 

Ex.  2.    Lat  35°  15' N.,  ded.  20^  o'N.,  hour-angle  4''  53"  19P.    Alt.  %^  4f» 
Ex.  3.    Lat  19°  20'  S.,  ded.  19°  20' S.,  hour-angle  i^  i8"  lo*.    Alt.  71^  35^. 

When  the  lat.  is  0,  we  may  use  either  N.  or  S.  pol.  dist*  When 
the  dedin.  is  0,  the  pol.  dist.  is  90^.  When  both  lat.  and  deelin.  are 
0,  the  z.  d.  is  the  hour-angle  conyerted  into.  arc. 

Ex.  1.    Lat  o,  ded.  23°  2/N.,  hour-angle  4^  30"  14*.    Alt.  10^  30'. 
Ex.  2.    Lat.  30®  o'N.,  ded.  o,  hour-angle  3^  38*  30*.    Alt.  30*^  5*. 


SUBORDINATE  COMPUTATIONS. 


221 


[4.]  To  find  theAUiiude,  the  Azimuth  being  gwem. 

668.  Add  together  the  log.  sine  of  the  azim.,  the  log.  cosine  ^i 
the  lat.,  and  the  lo^.  sec.  of  the  decl. ;  the  sum  (rejecting  tens)  is  the 
log.  sine  of  an  angle  A  (see  note  to  No.  616),  p.  204. 

Under  A  put  the  azim.  reckoned  from  the  eleyated  pole ;  take 
half  the  sum  and  half  the  diff. 

Take  half  the  gum  of  the  pol.  dist.  and  colat. 

Add  together  the  log.  tan.  of  this  half  sum,  the  log.  cos.  of  the 
half  sum  of  the  azim.  and  A,  and  the  log.  sec.  of  their  half  diff.;  the 
«iim  (rejecting  tens)  is  the  log.  tan.  of  half  the  zen.  dist. 


Ex.    Lat.  51**  30'  N.,  decL  2o<>  2'  N.,  azimntih  S.  69°  39'  W.,  that  is  N.  iio<*  21'  W.  1 
required  the  AJ^ 

Colat. 
P.  Dist 

Sum 


sin.    9*97201 

cos.    9*794»5 
sec.    0*02711 


380  30' 

69  58 

X08  28, 

i  S.   54''  14'    tan. 

0*14246 

74    23       COB. 

9*43007 

35   58     ««. 

0*09186 

24'*  4/           Un. 

966439 

2 

As.  69^  39' 
Lot.  51  30 
Ded.  20     2 

A  ■•  38®  25*   rin.     9*79327 
As.     110  21 

Sum  X48  46,    )S.    74*23' 
^^*     7<   S^f    il>*  35  5^ 

Zen.  Dist.  49  34 
AxT.   40  26 

For  other  Examples  rererse  those  in  No.  674. 

6.  To  find  the  Change  of  Altitude  in  a  Small  Interval  of  Time. 

[!•]  The  Hour-angle  and  AUit%ide  being  given, 

669.  (1.)  When  the  body  is  to  the  E.  of  the  meridian,  subtract 
half  the  interval  from  the  hour-angle;  when  to  the  W.  of  the  meridian, 
add  half  the  interval :  call  the  result  the  reduced  hour-angle. 

(2.)  Add  together  the  log.  cosines  of  the  lat.  and  declin.,  the  log. 
sine  of  the  red.  hour-angle,  the  log.  sec.  of  the  alt.  and  the  log.  sine 
of  the  interval ;  the  sum  (rejecting  tens)  is  the  log.  sine  of  the  cnange 
ofalt.* 

(3.)  When  the  body  is  to  the  E.  of  the  meridian,  add  this  change 
to  the  alt.;  when  to  the  W.^ subtract  it:  the  result  is  the  alt.  required. 


Ex.  1.  Lat  51^  30',  ded.  22""  20',  true 
alt.  44°  4/  36^^,  hour-angle  j^  o^  o*  to  the 
£.  €»f  the  meridian :  required  the  Alt.  lo" 


Hour-angle  3^  o"o*E. 
Hatf-int.        -  5  0 

Imt.  oos.   9*7942 
decL  COS.  9*9661 

shie         9*8398 

sec.          0*1490 
int  sin.    8  6397 

sin.          8*3888 

3b    o»o«W. 
+  10   0 
3   10    0 

44°  4/  3«" 

2    59    20 

lat.  COS. 
ded.  COS. 

sine 

sec. 

int.  sine 

nn. 

9*7942 
9*9661 

Red.H.ang.  2  55  0 
44^4/36" 

Chamob    I  24     I 

9*8676 

0*1490 
8*9403 

8-717* 

Alt.    46  II  37 

ne   trae   alt   is  46®  12'  48^,  or  the 
process  is  here  1'  11''  in  defect. 


Ex.  2.  Lat  51°  30',  ded.  22®  20',  tine 
alt  44^  47'  36",  honr-angle  3^  o"*  o*  to  the 
W. :  find  the  Alt  20»  afterwards. 


Alt.  41  48   16 

The  tme  alt  is  41^  52  24^,  or  the  error 
is  4'  8"  in  consequence  of  the  length  of  the 
interyal. 


*  The  prop.  logs,  may  he  need  for  the  sines  of  the  small  arc  and  the  intemd,  provided 
that  the  arithmetical  complements  of  all  the  other  quantities  he  employed,  and  the  const. 
8-8239  added.  The  proper  logarithm  for  the  purpose  is  the  log.  of  the  small  arc  *or  the 
tnterrai  in  seoonda  of  arc  O.  The  inaccuracy  attending  the  use  of  the  sine,  instead  of  its 
are,  in  these  compntationji  is  insensible,  as  the  sine  of  1°  falls  short  of  its  arc  by  only  o^*z, 
the  sine  d  2°  by  1"'$,  and  that  of  3^  by  2''*9,  or  0**19  ^^  ^°*^ 


222  NAUTICAL  ASTRONOMT. 

The  method  is  more  accurate  as  the  object  is  more  nearly  E. 
orW. 

The  proper  alt.  to  employ  in  this  computation  is  the  middle  alt. 
between  those  at  the  beginning  and  end  of  the  interval ;  for  greater 
accuracy,  therefore,  the  work  should  be  repeated  with  a  new  alt.  thus 
deduced. 

[2.]  7%«  Azimuth  being  given, 

670.  By  Inspection,  Multiply  the  change  of  alt.  in  1"  of  time, 
Table  46,  by  the  interval,  both  being  in  min.  and  decimals. 

Ex.     Lat.  52°,  azim.  72® :  find  the  change  in  Alt  in  %^  iz*. 

The  change  of  alt.  in  i"  ia  abont  8'* 7,  which  multiplied  by  y%  gives  aS',  the  Chamois 
required. 

671.  By  Computation.  Add  together  the  log.  sine  of  the  azimuth 
(reckoned  either  from  N.  or  S.)*  the  log.  cos.  of  the  lat.,  and  the  log. 
sine  of  the  interval  of  time ;  the  sum  (rejecting  tens)  is  the  log.  sine 
of  the  change  of  altitude. 

It  is  more  correct  to  use  the  azimuth  corresponding  to  the  middle 
of  the  interval  of  time.* 

Ex.    Lat.  5 1®  49',  aximuth  of  Arctoms  72° :  find  the  change  of  Alt  in  %^  12*,  and  alao 
in  2"  51*. 


Ax.    72°  sine  9 '9782 

Lat.    51   49'  008.  9'79ix 

Int.     3"  12*  sine  8*1450 

Chanos  req.  28'  13"  sine  7*9143 


9*9782 

9*7911 

Int.  »■  51*  8*0946 

Chanob  req.  25'  8"    sine  7*^639 


672.  All  bodies  on  the  same  or  opposite  azimuths  change  their 
altitudes  at  the  same  rate,  whatever  be  their  declinations. 


VII.  Azimuths. 

1 .   To  find  the  Azimuthy  the  Altitude  being  given. 

673.  By  Inspection.     See  Explanation  of  Table  6. 

674.  By  Computation,  Add  together  the  pol.  dist.,  the  lat.,  and 
the  alt.,  take  half  the  sum,t  and  take  the  diff.  between  this  half  sum 
and  the  pol.  dist. 

Add  together  the  log.  sec.  of  the  lat.,  the  log.  sec.  of  the  alt.,  the 
log.  cosines  of  the  half  sum  and  remainder;  the  sum  (rejecting  tens) 
is  the  log.  sine  square  of  the  azimuth,;]:  to  be  reckoned  from  the  S. 
in  N.  lat.,  and  from  the  N.  in  S.  lat. 

>  ^ 

*  The  above  rules,  Nos.  669»  &c.,  relate  to  the  change  of  the  true  altitude.  To  compare 
the  change  of  alt  as  shewn  by  an  instrument  with  the  true  difference,  in  a  given  intemd  of 
time,  a  small  correction  would,  in  general,  be  necessary,  on  account  of  the  change  of  lefraction, 
and  in  the  case  of  the  moon,  for  the  change  also  in  her  parallax  in  altitude. 

t  The  learner  will  observe  that  in  this  fDnnula  the  pol.  dist.,  lat.,  and  alt.,  oocor  in  tiia 
reverse  order  of  that  in  No.  614,  in  which  last  their  initials  form  the  word  ai^.  The  2d  and 
3d  terms  take  secants ;  the  last  two,  cosines. 

X  Tlie  angle  obtained  is  the  tupplement  of  the  angle  P  Z  A.  in  fig  1,  p.  144. 
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Ez.L    Lit.  o'^  30' N.,  alt.  40*^15' to  the 
W^  ded.  so^  %'  N. :  reqnind  the  Admath. 

F6L  Diflt  69''  58' 

Lit.  51   30  lec.  0*20585 

Alt  40  %s  tec  o'ii84a 

'6i   53 

80  56I  oofl.  9*19711 

10  581  coe.  9*99x98 

AsimnrH,  S.  69°  39'  W.  im.  sq.  9*51336 


Ex.  2.    Lat.  40<>  8'  S..  Oed.  1  i®o'  N.,  alt 
38^  xi'  to  the  Eastward :  required  ^  Asim. 

P.Diat  xoi°   o* 

Lat         40     8  lec  0*1x66 

Alt.         38   XI  see.  0*1046 

'79   '9 
89  394  COS.  7-7755 

XI    20|  COS.    9*9914. 


Azimuth,  N.  ii'^  19'  E.  sin.  sq.  7*9881 

When  the  lat.  is  0,  if  the  declin.  is  N.  the  azimuth  is  to  be 
reckoned  from  the  south ;  if  it  is  S.  from  the  north. 

When  the  declin.  is  0,  the  azimuth  is  reckoned  from  the  N.  in  S. 
laty  and  from  the  S.  in  N.  lat. 

Sz.  1.    Lat.  o^  decL  23°  27'  S.,  alt  41''  2'  W.    Asm.  N.  121*'  50'  W.,  or  S.  58''  xo'  W. 
Ex.  2.    Lat  ii'^  12'  N.,  ded.  0%  alt  54*^  30',  to  the  East     Azim.  S.  73''  53'  E. 

When  both  the  lat.  and  decl.  are  0,  the  object  moves  on  the  prime 
vertical. 

2.  To  find  the  Azimuth^  the  Hour-angle  being  given, 

676.  (1.)  Take  half  the  sum  of  the  pol.  dist.  and  colat,  and  half 
the  difference. 

(2.)  Add  together  the  log.  cot.  of  half  the  hour-angle,  the  log.  sec. 
of  the  half  snm,  and  log.  cos.  of  the  half  diff.:  the  sum  (rejecting  tens) 
is  the  log.  tan.  of  half  the  sum  of  the  azimuth  and  another  angle  A. 

When  the  half  sum  of  the  pol.  dist.  and  colat.  exceeds  90^,  take 
the  suppl.  of  the  resulting  arc  for  the  half  sum  required. 

To  the  log.  cot.  already  employed  add  the  log.  cosec  of  the  half 
snm,  and  the  log.  sine  of  the  naif  diff. ;  the  sum  (rejecting  tens)  is 
the  log.  tan.  of  half  the  diff.  of  the  same  two  angles. 

(3.)  The  sum  of  the  resulting  half  sum  and  half  diff.  is  the  ^rea^^r 
of  the'said  two  angles;  the  difference  is  the  lesser. 

When  the  pol.  dist.  exceeds  the  colat.  the  greater  of  the  two 
angles  is  the  azimuth  required ;  when  the  pol.  dist.  is  less  than  the 
colat.,  the  lesser  of  the  angles  is  the  azimuth  required. 

Sz.  1.    Lat  10^  20'  N.y  decL  22**  14'  S.,  hour-angle  i^  44*"  17*  W. :  required  the  Azimuth* 
H.Aiigle  ih  44"  17* 


Half 

0   52     8 

• 

oot  0-63548 

oot     3*63548 

P.  Dist 

112**  14' 

Colat 

79  40 

Sun 

«9»   54 

DiiF. 

3»   34 

M. 

95  57 
16   17 

sec.  0*98439 

oosec.  o'oo23c 
sin.     9*44776 

COS.  0*98222 

88*' 

34' 

tan.   1-60209 

50° 

3/  tan.  0*08559 

91 

26 

(suppl.) 

■ 

50 

J7 

Sum  N.  142     3  W.  AziMiTTH  (p.  dist  exceeds  col.) 
Diff.  40  49  the  other  Angle,  or  A. 

Bz.  2.     Lat  47^  ix'  S.,  ded.  11°  18^  S.,  hour-angle  5^  ix>"  20" :  the  Azimuth  91®  6 ,  the 
angle,  or  A,  43°  52'. 

Ex.  3.     Lat  13**  52'  N.,  ded.  46^  8'  N.,  hour-angle  x^  21*  11*  E.  of  Mer. 

Azim.  33''49'I  ^ 
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3.  To  find  the  Azimuth^  the  Hour-angle  and  Altitude  being  giveiL 

676.  Add  together  the  lo^.  sine  of  the  pol.  dist.  (or  log.  cos.  of 
the  declin.),  the  log.  sine  of  the  hour-angle,  and  the  log.  sec.  of  the 
ait. ;  the  sum  rejecting  tens  is  the  log.  sine  of  the  azimuth. 


Ex.  1.  Hour-angle  i^  19'^  19*,  alt. 
58°  40^  pol.  diat.  104.°  24' :  required  the 
AzimnUL 

Pol.  Diat  Bin.  9*9861 
Hour-angle  aine  9*5305 
Alt.  sec.  0*2840 


Ex.  2.  Hour-angle  o^^  46*  3^,  alt. 
63°  o',  ded.  i4<»  24'  (N.  or  S.) :  nsquiied 
the  Aaimuth. 

Ded.  00a.  9*9861 

Hour-angle  lin.       9*3057 
Alt.  sec  0*3430 

AziM.  25°  33'     nn.  9*6348 


AzxM.  39^  11'     sin.  9*8006 

This  method  cannot  shew  whether  the  body  is  to  the  N.  or  S.  of 
the  prime  vertical ;  for  this  purpose  see  No.  673,  &c. 

4.   To  find  the  Azimuth^  notfarfirom  the  Meridian^  by  the  observed 
change  of  Altitude  in  a  small  Interval  of  Time. 

677.  By  Inspection.  Divide  the  given  change  of  alt.  by  the 
mterval,  in  min.  and  decimals ;  the  quotient  is  the  change  of  alt. 
in  1°*. 

With  this  change  and  tue  lat.  enter  Table  46,  and  take  out  the 
azimuth,  which  corresponds  approximately  to  the  middle  of  the 
interval. 

Ex.    lAt  35° ;  the  diange  of  alt  in  20*  12*  ia  59' :  find  the  Azimuth. 

59  divided  by  20*2  gives  2*9,  the  change  of  alt  in  ]■",  whidi  gives  the  Azim.  about  14°. 

678.  Sy  Computation.  Add  together  the  log.  sine  of  the  change 
of  alt.,  the  log.  cosec.  of  the  interval,  and  the  lo^.  sec.  of  the  lat. ;  the 
sum  is  the  log.  sine  of  the  azimuth  about  the  middle  of  the  interval. 


Ex.  1.    Lat.  5 1°  26' ;  in  5"  20*  obaerved 
22'  dkange  of  alt :  required  the  Aximuth. 

D.  Alt  22'  sine    7*8061 

Int.  5"  20*  oosec.  1*6332 

Lat  51^26'  sec.     0*2052 


Bz.  2.    Lat  34°  40^;  in  20"  12*  observed 
59'  h"  diange  of  alt. :  required  the  Azimuth. 

D.  Alt  59'  &*  sme    8*2353 

Int  20'"  12*  coaec.  1*0554 

Lat  34^40'  sec.     0*0849 

Azim.  13^44'  sine    9*3756 
At  about  lo"  after  the  Ist  observatioii. 


Azim.  26^  10'  sine    9*6445 
At  about  3"'  after  the  lat  observation. 

679.  This  method  will  sometimes  be  useful,  as  for  determining 
the  variation,  but  it  must  be  employed  with  caution;  the  intervd 
should  not  be  very  small,  the  body  should  not  be  far  from  the  meri- 
dian, and  both  alts,  must  of  course  be  observed  on  the  same  side. 

The  degree  of  dependance  is  easily  estimated  by  changing  the 
diff.  of  alts,  by  the  amount  of  probable  error,  as  about  r  or  2^: 
Thus,  V  error  of  diff.  alts,  produces  in  Ex.  1  an  error  of  1^1,  while 
in  Ex.  2  it  produees  an  error  of  only  14^ 


CHAPTER  V. 

Finding  the  Latitttde. 

L  Bt  thb  Mbaidian  Altitude.  II.  By  the  Reduction  to  the 
Meridian.  III.  Bt  Double  Altitude  of  the  same  Body. 
IV.  By  Double  Altitude  op  different  Bodies.  V.  By  the 
Altitude  of  the  Pole  Star.* 

680.  The  pole  remains  always  in  the  same  absolute  fixed  position 
from  whatever  point  of  the  earth's  surface  it  is  viewed ;  its  altitude 
at  any  particular  place  is,  therefore,  always  the  same.  The  position 
of  the  equator,  which  is  90^  from  the  pole,  is  also  always  the  same  at 
the  same  place,  and  is  determined  by  reference  to  the  celestial  bodies, 
whose  declinations  are  measured  from  it.  Tlie  latitude  of  the  place 
may,  therefore,  be  determined  directly  by  observation,  and  independ- 
entlyof  the  latitude  of  any  other  place. 

When  the  body  observed  is  on  the  meridian  (at  which  time  its 
altitude  ceases  to  change)  the  time  is  not  noted ;  but  if  it  is  not  on 
the  meridian,  either  the  absolute  time  must  be  given,  or  a  second 
altitude  must  be  obtained  after  a  measured  interval. 


L  By  the  Meridian  Altitude. 

681.  The  simplest,  and  in  general  the  most  satisfactory,  method 
of  determining  tne  latitude,  is  by  observation  of  the  altitude  of  a 
celestial  body  when  on  the  meridian  of  the  place.f 

*  The  wveFBl  methodB  of  latitadfi  which  are  given  in  this  work  under  the  heads  ennm^ 
fated  above,  and  which  may  be  considered  aa  distinct  methods,  of  which  the  solution  depends 
on  drcomstanoes  as  elsewhere  described,  amonnt  to  eight.  The  seaman,  who  will  remember 
the  adage,  "  lead,  latitude,  and  look-out,"  scarcely  needs  to  be  reminded  that  the  latitude  ia 
often  the  only  diement  necessary, — that  headlands  on  vast  tracts  of  coast  are  approached,  and 
numerous  passages  or  channels  taken,  by  reference  to  latitude  alone, — and  that  the  time,  and 
therefore  the  longitude  itself,  depends  on  the  latitude.  In  these  days,  also,  when  such  great 
and  continued  velocity  is  attained,  in  steam-yesseb,  increased  funlities  are  demanded  for  do. 
termining  the  place  of  the  ship  from  time  to  time;  the  seaman  accordingly  should  be  lomishedl 
with  a  mediod  of  finding  the  latitude  (provided  it  be  convenient  and  satisfactory)  adapted  to 
every  occsaioo  that  may  present  itsdf  by  day  and  by  night. 

t  The  maimer  of  dedudng  the  libitude  from  the  mer.  alt.  and  declin.  is  fully  described  ia 
No.  452. 

Q 
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1.  Meridian  Altitude  of  the  Sun. 

682.  The  Observation.  When  the  sun  is  near  the  meridian,  con- 
tinue to  observe  the  altitude  till  it  is  found  to  decrease ;  the  greatest 
alt.  reached  is  the  mer.  alt.* 

In  latitudes  above  66P{  the  sun,  being  above  the  horizon  the 
whole  24  hours  during  part  of  the  summer  months,  may  often  be 
observed  below  the  pole  at  midnight;  in  this  case  the  smallest 
altitude  is  the  mer.  alt.f 

When  accuracy  is  required,  note  the  barom.  and  therm. 

683.  The  Computation.  At  Sea.  (1.)  Take  the  sun's  decl.  from 
the  Nautical  Almanac,  page  I.,  or  Table  60,  for  the  noon  of  the  day, 
and  reduce  it  by  Table  19  for  the  longitude  by  account. 

(2.)  Correct  the  alt.  for  index  error,  dip,  semidiaraeter,  and 
refraction,  No.  647 ;  subtract  it  from  90®,  the  remainder  is  the 
zenith  distance. 

(3.)  When  the  observer  is  to  the  N.  of  the  sun,  call  the  zcn.  dist. 
north ;  when  he  is  to  the  S.  of  the  sun,  call  it  south. 

When  the  zen.  dist.  and  decl.  are  of  the  same  name,  take  their 
sum;  when  o{  contrary  names,  take  their  difference:  th?  result  is 
tlie  lat. 

When  the  decl.  and  zen.  dist.  are  of  the  same  name^  the  lat.  is  alsu 
of  that  name;  when  the  decl.  and  zen.  dist.  are  o{ different  names,  the 
lat.  takes  the  name  of  the  greater.^ 


Ex.  1.    May  3d,  1878,  long.  38°  W. ; 
obs.  Mer.  Alt.  Q  56°  10'  to  the  southward, 
ind.  corr.  +2',  height  of  eye  20  feet:   re- 
quired the  Latitude. 

Ex.  2.  July  4th,  1878, 
obs.  Mer.  Alt.  Q  81®  59' 
ind.  corr.  0,  height  of  eye,  i< 
the  Latitude. 

long.  Id®  E.  % 

bearing  north, 

S  feet :  required 

DecL  3d,  Table  60, 
Corr.  for  38°  W. 

15^43  N. 

+  2 

Decl.  4th, 
Corr.  for  loi®  E. 

»»»53'N. 
■n 

Red.  Declin. 

15  45  N. 

Red.  Dedin. 

%%  54  N. 

Obs.  Alt.  Q      56°  10 
Ind.  Corr.  +  2'  \ 
Dip            -4  1        "* 

Obs.  Alt.        81®  59 
Table  38,           4-  is 

True  Alt.        82   11 

Zen.  Dist.        7  49 

App.  Alt.  0       56     8 
Semid.    +16/      +'5 

7  49  S. 

Latituob 

X5     5N. 

True  Alt.            56  23 

Zen.  Diet.            33   37 

33  37  N. 

Latitudb 

49    22    N. 

*  At  sea  it  is  usual  to  keep  advancing  the  index  till  die  sun  has  dipped,  but  it  is  better 
to  take  separate  altitudes. 

t  Since  the  sun,  moon,  and  planets,  change  their  declinations,  the  mer.  alt.  is  not  always 
the  nuupimum  or  mhiimum  altitude.  Near  the  equator  the  difference,  which  is  as  the  tangent 
of  the  latitude  nearly,  is  very  minute.  In  lat.  60°  the  sun's  alt.  will  be  maximum,  in  the 
extreme  case,  at  half  a  min.  from  the  meridian,  and  the  altitudes  will  differ  only  (/''A  ;  in  the 
same  latitude  these  quantities  will  be,  for  the  moon,  7"  and  2^  respectively.  As  0"'4  b  inap- 
preciable by  ordinary  instruments,  and  as  the  moon  can  be  employed  for  approximation  only, 
it  is  not  necessary  to  tabulate  this  correction. 

X  A  ship,  on  board  which  the  declination  had  been  applied  the  wrong  way,  made  the 
Orkney  Islands,  in  coming  from  the  westward,  instead  of  the  Channel.  A  few  yean  ago  a 
•hip  bowd  homewards  froip  Australia  round  C.  Horn  got  too  far  to  the  southward ;  a  simiiai 
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When  the  declin.  is  0,  the  zen.  dist.  is  the  latitude ;  and  when 
the  zen.  dist.  is  0^  the  declin.  is  the  latitude. 


Ex.  3.  Sept  a  3d,  1878,  long,  i  lo**  E. ; 
obs.  mer.  alt.  0  48^  16'  bearing  N.,  index 
error  —5',  eye  16  feet :  find  the  Latitade. 

Dcd.  a3d  o®  7^  S. 

Corr.  for  long,  i  lo®  E  —  7 


Red-Ded. 

0  0 

OU.  Alt.  0 
Index        —  5'\ 
Semi.         -16  ( 
Dip           -  4{ 
Ref.          -  I  ; 

48^16 
-a6 

TmeAlt. 

Zen.  Dist. 
Ded. 

47    50 
4a   10  S, 
0     0 

Latitudb 

41   10  S. 

Ex.4.  Jnlyi3tb,  1878,  long.  v9°W.; 
obe.  mer.  alt.  0  89®  44'  N.,  index  error 
•f  4'f  eye  18  feet :  find  tbe  Latitude. 


Ded.  13th 

Corr.  for  long.  49°  W. 

Red.  Ded. 

Obs.  Alt.  0 
Indec         +4') 
Table  38    +  la  j 

TmeAlt 

Zen.  Dist 
Ded. 

Latitude 


ai«5o'N. 


—  I 


ai  49  N. 

89044' 
+  16 


Ex.  5.    March  aist,  1878*  long.  60^  E./  obs.  mer.  alt.  0  56®  a6'  N.,  index  error  -fa', 
eye  ao  feet :  required  the  Latitude.  Lat.  33^/8. 

Ex.  6.    Aug.  5th,  1878,  long.  47°  W.,  obs.  mer.  alt.  0  ^l!*  47'  N.,  index  error  +  a', 
eye  16  feet  Lat.  0°  3'  S. 

Ex.  7.    Mardi  aoth,  18789  long.    90^  W.,  obs.  mer.  alt  0  89^  48'  S  ,  index  error  ^  i', 
eye  la  feet.  Lat.  0°  o'. 

Ex.8.    Jan.  ist,  1878,  long.  138OW.,  obs.  mer.  alt  0  89^  55' S.,  index  error  +a'f 
eye  la  feet.  Lat.  a30  1'  S. 

Ex.  9.  June  aoth,  18781  long.  i7aO  W.,  obs.  mer.  alt.  0  %!!*  18'  S.,  index  error  —a', 
eye  60  feet  (the  top).  Lat.  6 1**  4'  N. 

Ex.  10.    Feb.  1 8th,  1878,  long.  71**  E.,  obs.  alt.  0's  centre  (by  bisecting  the  doudy 
disc,  No.  539),  48°  a4'  S.,  index  error  —a',  eye  18  feet  Lat.  30^  5 '  N. 

Ex.  11.    Dec  aoth,  1878,  long.  160^  E.,  obs.  mer.  alt  0  7,%^*  18'  S.,  above  the  sea 
horizon  a|  miles  distant,  eye  ao  feet  Lat.  38^  ^'  N. 

684.  When  the  sun  is  observed  below  the  pole  (at  midnight), 
instead  of  subtracting  the  true  alt.  from  90^  add  90""  to  it ;  the  lat. 
will  be  of  the  same  name  as  the  declin. 


Ex.  1.  June  5th,  1878,  long.  %^  E. 
at  la^  P.M.,  obs.  mer.  alt  0  below  the  pole 
30  38'  N.,  ind.  corr.  •fa',  neight  of  eye  ao 
feet :  required  the  Latitude. 


Red.  Dedin.  No.  579  (a), 

Obs.  Alt  0 
Ind.  Corr.   +  *  a' 

IMp             -4f 

aa«  46'  N. 

3O38' 

—a 

Dedin.  Noon 
Corr.  for  lak  aM8' 
98*»W.fli£f4 

Red.  Declin. 

Obs.  Alt. 

Ind.  Corr.         —a' 

Table  38            +a 

TmeAlt 

Snpp.  Zen.  Dist. 
Ded. 

Latitude 

iV   I  S. 
la 

18   13  S. 

Refr.           -13') 
Semid.          4-16) 

3   36 
+  3 

5°  37' 
0 

TmeAlt 

8upp.  Zen.  Dist. 
DecL 

Latftuob 

3   39 

aa  46  N. 
70  S3  N. 

5   37 

95    37 
18    13  S. 

77   148. 

Ex.  2.  Not.  13th,  1878,  lat  38^7'  N. 
at  la^  P.M.,  obs.  mer.  alt  0  below  tbe  pole 
5°  37'  S.,  ind.  corr.  —a',  hdght  of  eye  30 
feet. 


blunder  was  discoTered  to  have  been  made,  but  the  existence  of  an  error  in  the  latitude  was 
suspected  only  from  the  drcumstanoe  of  the  ship  being  beset  with  ice. 

In  crossing  the  meridian  of  180^,  when  the  long,  changes  from  W.  to  E.,  or  from  E.  to 
W.,  care  must  be  taken  to  change  the  application  of  the  corr.  of  the  declin.  accordingly 
The  neglect  of  this  precaution  has  been  a  fertile  source  of  mistakes. 
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685.  Accurately.  Reduce  the  declin.  to  the  nearest  second  for 
the  long.,  correct  the  refraction  for  the  barom.  and  therm,  and  add 
the  sun's  parallax. 

As  the  sun  passes  the  meridian  at  0*^  0"*  0'  App.  Time,  the 
Greenwich  Date  may  be  deduced  in  App.  Time  by  means  of  the 
long,  in  time,  No.  576  (3).  Or  it  may  be  taken  at  once  from  the 
chronometer,  in  which  case  it  will  be  in  Mean  Time,  as  is  supposed 
in  Ex.  1,  following. 

Ex.  2.  June  20,  1878,  long.  26^  5'  E., 
at  midniffhty  obs.  mer.  alt.  0  in  the  quick- 
silver  26^  26'  20%  index  o',  oar.  29*8  inchaa. 
therm.  34°. 

Green.  Date,  A.T.  June  20*  10*  '5*40^ 
Reduced  Decl.  23°  27'  i6'  N. 


Ex.  1.  March  20th,  i878f  long,  1°  25' 
W.,  obs.  mer.  alt.  0  in  the  mercury 
60®  8'  10'  bearing  S.,  time  by  chron.  2o<* 
o»  13'»  12%  index  error  +  i'  10%  bar.  29-5 
inches,  therm.  40°. 

0'8  Ded.  20th 

2ISt 


o 


5'  38''7  S. 

18      2^N. 


DaUy  Var. 

23   41*1 

I3'»i2%var.  23' 41' 

Red.  Decl. 
Obs.  Alt 

—  12  -6 
0     5   3«-7S. 

0    5  26  I  s. 

69**    8'  10' 
+ 1    10 

Ref.      -I' 25') 
Ther.     4-       2  V 
Bar.      -        I  ) 

2)69     9   20 
34   34  40 

-I   24 

Semid. 
Par. 

34   33    16 

+  16     5 

+         7 

True  Alt. 

Zen.  Dist. 
Decl. 

34  49   a8 
5S   10  32  N. 
0     5  »6  S. 

Obs.  Alt. 


Lat. 


55     5    6  N. 


ftef. 

Ther. 

Bar. 


-4'4- 
-¥  8 
—      I 


Semidiam. 
Par. 

True  Alt. 


26°  26'  20' 

13   13  10 

-3  57 

*3     9  "3 

+  15  46 

■t-  8 

13   2?  7 


Supp.  Zen.  Dist.   103   25     7 
Decl.  23   27   16  N. 

Lat.        79   57  51  N. 

Ex.  8.  July  27th,  1878,  long.  2°  W., 
obs.  mer.  alt.  0  in  the  quicksilver  1 16°  2'  30', 
zenith  N.  ind.  corr.  +  2'  i  $',  bar.  30-0  inch., 
therm.  60^ :  required  the  Latitude. 

Green.  Date  (A.T.),  27*  o*»  8";  Red. 
Ded.  19**  II'  17'  N. ;  True  Alt.  57**  46'  4' ; 
Lat.  51**  26'  13*  N. 


686.  When  the  altitude  of  either  limb  of  the  sun  is  observed, 
and  the  alt.  of  the  other  limb  (which  will  appear  the  same  in  the 
instrument)  is  observed  from  the  opposite  point  of  the  horizon  (No. 
635),  take  half  the  diflF.  of  these  angles  and  add  to  it  the  correction 
of  alt. ;  the  sum  is  the  true  zen.  dist. 


Ex.  1.    Aug.  5th,  1878, long.  25°  W. 

ii5«46'-3 
63  49 '3 
5'    57 

as  58 -5  N. 

•*-'4 
25   58  9  N. 
16  s6'3  N. 

42  55 -a  N. 


Obs.  Alt.  0  N. 
S. 

Diff. 

Corr.  of  Alt. 

Zen.  Dist. 
Red.  Ded. 

Lat. 


Ex.  2.  Oct.  20th,  1878,  long.  1°  W. 


Obs.  alt  0  N. 
S. 

105" 
74 

5* 

32 -2 

Diff. 

30 

31-8 

Corr.  of  Alt 

>S 

16  -4  N. 

+   "2 

Zen.  Dist. 
Red.  Decl. 

15 
10 

16-6  N. 
23'  9  S. 

Lat. 

4 

52-7  N. 

Thus  it  appears  that  this  observation,  which  is  the  most  efficient 
in  practice,  is  also  the  shortest  in  computation. 

Ex.  3.  July  15th,  1878,  alt.  0  N.  93°  58',  S.  85**  38',  long.  71**  W.    Lat.  25*  39'7  N. 
Ex.  4.   July  4th,  1878,  alt.  0  N.  8i*  59',  S.  ^f  40^,  long.  83*  E.      Lat.  15**  3'-  7  N. 
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8.  Meridian  Altitude  of  a  Star  or  a  HaneL* 

• 

687.  TTie  Observation  is  the  same  as  for  the  stm^  but  it  is  still 
more  necessary  to  take  separate  altitudes  of  a  star  in  order  to  avoid 
straining  the  eye  to  perceive  its  smaU  rise  or  fall  when  near  the 
meridian.     See  No.  542. 

688.  The  CompiOation.  At  Sea.  (1.)  Take  the  decl.  either  from 
the  Nautical  Almanac,  or,  in  the  case  of  a  star,  from  Table  63. 

(2A  Correct  the  alt  for  index-error,  dip,  and  refraction.  No.  652. 
Fina  toe  zenith  dist  and  proceed  as  for  the  sun. 


£z.  I.  May  15th,  1878,  obs.  mer.  alt.  of 

Spica  33^  17'  S.  index  error +i'  %o",  eye 
30  feet. 

Obs.  Alt.  sa'^iy's. 

Index  err.  + 1' ) 

Dip  -5  I            -5 

Rcf.  -I 


Tmc  "Alt.  33    12  S. 

Zen.  Dist.  56  48  N. 

Star's  Ded.  10.  3»  S. 

Lat.  46   16  N. 


Ex.  3.  April  pth,  1878,  p.k.  long.  126^ 
W.»  obs.  alt  of  Mars  49*^  %</  N.,  index 
corr.  +  3',  eye  16  feet. 

In  N.  A.  page  244,  the  M.T.  of  mer.  pass, 
of  Mars  is  Aug.  9*  3'»  36"".  The  Green. 
Date  is  Aug.  9'  12^  o",  and  the  Red.  DecL 
is  ajo  39^  N. 

Obs.  Ah.  49*^fto'N. 

Index  Corr.  +3') 

Dip              -4  }•          -» 
Ref.  -I  )      

True  Alt.  49   18 


Zen.  Dist.  40  42  S. 

Red.  Decl.  23  39  N. 

Lat.  17     3  S. 

Ex.  3.   Dec.  2ist,  1878,  obs.  mer.  alt.  Aldebaran  50°  27'  N. ;  height  of  eye  20  feet: 
leqnired  the  Latitude.  Lat.  23®  22'  S. 

Ex.  4.   Jan.  ist,  18781  obs.  mer.  alt.  Sinus  81°  13'  S.,  ind.  corr.  —4',  height  of  eye 
]8  feet :  required  the  Latitude.  Lat.  7^  38'  S. 

Ex.  5.    Feb.  i8th,  1878,  obs.  mer.  alt.  Canopus  37°  25'  S.,  ind.  corr.  -1-2',  height  of  eye 
16  feet :  required  the  Latitude.  Lat.  o^  o' 

Ex.  6.    Feb.  ist,  1878,  obs.  mer.  alt.  Arcturus  80°  12'  N.,  ind.  corr.  +4',  height  of  eye 
18  feet :  required  the  Latitude.  Lat.  10°  i'  S. 

Ex.  7.  Feb.  i8th,  1878,  obs.  mer.  alt.  a  Lyras,  below  the  pole,  12°  30',  ind.  corr.  +  t\ 
height  of  eye  18  feet :  required  the  Latitude.  Lat.  63^  44'  N. 

Ex.  8.    Oct.  6th,  1878,  long.  87**  W.,  obs.  mer.  alt.  Mars  57^  45'  S.,  index  corr.  —tf, 
height  of  eye  18  feet.  Lat.  30^  15'  N. 

Ex.  9.  July  6th,  1878,  long.  178^  E.,  obs.  mer.  alt.  Jupiter  57''  50'  S.,  index  corr.  -f  3', 
height  of  eye  20  feet.  Lat.  i  3^  2'  N' 

Ex.  10.    Jan.  6th.  1878,  long.  169*'  W.,  obs.  mer.  alt.  Venus  69®  54'  S.,  index  corr.  —  T, 
heightof  eye  15  feet.  Lat.  9°  15*  N, 

689.  Accurately.  Take  the  decl.  from  the  Nautical  Almanac. 
For  a  planet  fina  the  6r.  Datc^  and  reduce  its  hor.  par.  and  decl. 
CJorrect  the  refraction  for  the  thermometer  and  barometer. 

690.  Stars  which  never  set  at  the  place  may  be  observed  both 
above  and  below  the  pole.  In  this  case  the  latitude  is  half  the  sum 
of  the  altitudes  corrected  for  refraction. 

691.  If  two  stars  are  observed  on  the  meridian,  on  different  sides 
of  the  zenith,  and  at  equal  altitudes,  the  result  is  independent  of  the 
refraction,  unless  it  changes  in  the  interval  of  the  observations.  If 
the  altitudes  are  not  equal,  the  result  involves  only  the  difference  of 
the  reii*actions  proper  to  each. 


*  Venus  may  often  be  obsenred  by  daylight,  e?en  in  high  latitudes. 
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8.  Meridian  Altitude  of  the  Mo(nL 

692.  The  Obeervaticn.     The  same  as  for  the  sun.    See  No.  540. 

693.  The  Computation.  At  Sea.  (1.)  Find  the  Green.  Date  by 
means  of  the  time  at  ship ;  or^  if  this  time  is  uncertain  several  minutes, 
find  the  M.T.  of  the  moon's  mer.  pass.,  Ko.  627,  &c.  Reduce  thereto 
the  moon's  decL,  No.  589,  her  hor.  par.,  and  take  the  corresponding 
semid.  from  Table  40,  all  to  the  nearest  minute. 

(2.)  Correct  the  observed  alt.  No.  654,  and  proceed  as  for  the  sun. 
No.  683  (3). 

Ex.  9.  May  AOth,  1S78,  a.m.  long.  114^ 
W.,  obs.  mer.  alt  "J  48^  48'  S.,  height  of 
eye  1 8  feet. 

Moon's  Mer.  Pass. 
Corr.  for  Long. 

M.T.  Mer.  Pass,  at  ship 
Long,  in  time 
M.T.G.  May 

ys  Decl.  at  23"* 
4",  ?ar.  69" 

Red.  Decl 


Ex.  1.  Not.  Sd,  1878 

,  long,  iso^  i^  E., 

at  7^  7"  P.M.  mean  time  at  ship,  obs.  alt  ]^ 

45^  13'  S.,  height  of  eye 

16  feet 

M.T.S.  Nov. 

3*    7^   7" 

Long,  in  time 

—  10     I  E. 

M.T.G.  Not. 

2  21     6 

3*s  Decl.  at  ai^ 

HO  47' 45*8. 

6",  ?ar.  119* 

—  I     XI 

Red.  Decl. 

14  46   34  S. 

Hor.  Par. 

54'  so" 

Semid. 

H  57 

Obi.  Alt   JL 

45O13' 

Dip           -4\ 
Semid.    + 15  / 

+  11 

45   14 

45®  20',  and  H.P.  55*            +  38 

True  Alt 

46     2 

Zen.  Dist 

43    58  N. 

Decl. 

14  47  S. 

Lat. 

30    IX  N. 

19* 

IS*  I2« 

+  16 

»9 

IS 

7 

28 
36 

19 

13 

4 

»4^ 

34' 

22' 
-8 

Hor.  Par. 
Semid 

Obs.  alt   T 
Dip  -  4'\ 

Semid.        —16/ 


48*30' and  H.P.  5/ 

True  Alt 

Zen.  Dist 
Decl 

Lat. 


24 

56'  33'' 
IS   *5 


34   H*- 


48O48' 
—20 

48  28 
+  37 

49  5 


40 

*4 


55  N. 

34  S. 


16    2X  N. 


Ex.  S.  Dec.  2xst  1878,  a.m.  long.  149* 
W.,  obs.  mer.  alt  J^.  84*  9'  N.  index  corr. 
4-  iff  height  of  eye  14  feet. 

Lat.  31®  14'  S. 


Ex.  4.  Aug.  lotb,  1878,  P.M.  long.  134® 
E.,  obs.  mer.  alt  ^  59*  44'  N.,  index  corr. 
—  I'y  height  of  eye  18  feet. 

Lat.  53'»  4^  & 


It  will  in  general  he  loss  of  time  to  work  nearer  than  to  minutes, 
because  the  moon's  decimation  cannot  be  found  to  seconds  unless  the 
Greenwich  time  is  known  with  precision.* 

694.  When  both  the  upper  and  lower  limbs  are  well  defined,  the 
suppl.  of  the  alt  can  be  observed,  and  the  precept  No.  683  applied. 
When  only  one  limb  can  be  observed,  the  semi-diameter  must  be 
applied. 

695.  Degree  of  Dependance.  The  error  of  the  resulting  lat  is 
obviously  the  sum  or  oifference  of  the  errors  of  alt  and  decL  The 
lat  by  the  sun  at  sea  may  be  depended  upon  within  2'  or  less,  thai 
by  the  moon  not  so  nearly,  and  the  lat.  by  a  single  star  in  a  dark 
night  perhaps  not  within  3'  or  A\ 

*  Also  as  the  moon  at  certain  times  changes  her  declination  Tery  rapidly,  or  17' an  hour, 
her  mer.  alt.  may  differ  considerably  from  iht  mazimnm  alt ;  and  an  intenrai  of  seferal 
mmntes  may  occur  between  these  two  altitudes.    See  note  f,  p.  226. 
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Errors  of  observation  or  of  the  instrament  may  be  remoyed  by 
employing  celestial  bodies  of  nearly  equal  altitudes  N.  and  S.  of  the 
zemth .•     (See  No.  999.) 

It  may  in  general  be  considered  that  the  lat.  by  mer.  alt.  is  not 
decisively  determined  unless  alts,  on  both  sides  of  the  zenith  have 
been  employed. 


II.  By  the  Reduction  to  the  Meridian. 

696.  When  the  sky  is  cloudy,  or  the  weather  variable,  the  sun  or 
any  other  celestial  body,  though  obscured  when  exactly  on  the  meri- 
dian, frequently  appears,  for  short  intervals  of  time,  both  before  and 
after  the  meridian  passage.f 

When  the  body  is  near  the  meridian,  the  change  of  alt.  in  a  small 
portion  of  time  is  very  small;  and  though  the  altitude  near  the 
meridian  changes  at  a  different  rate  in  different  latitudes,  yet  the 
change  of  altitude  in  a  given  small  interval  is  not  sensibly  affected  by 
a  change  of  several  miles  in  the  latitude,  and  therefore  it  may  be 
computed  with  tolerable  accuracy,  even  when  the  lat.  by  account 
(which  is  used  in  the  computation)  is  considerably  in  error.  If,  ac- 
cordingly, at  the  time  of  observing  an  alt.  near  the  meridian,  we 
know  the  hour-angle,  we  may  find  very  nearly,  by  computation,  the 
difference  of  alt.  by  which  to  reduce  the  observed  alt.  to  the  mer.  alt., 
and  which  is  thence  called  the  Reduction  to  the  Meridian, 

This  method  is,  in  point  of  simplicity,  but  little  inferior  to  the 
meridian  altitude,  to  which  it  is  next  in  importance ;  and  it  particu- 
larly demands  the  attention  of  seamen,  because,  when  the  latitude 
by  observation  is  left,  as  it  too  generally  is,  to  the  casualty  of  obtain- 
ing the  merid.  alt.,  it  is  frequently  lost  for  the  day. 

697*  The  term  '^near  the  meridian"  implies  a  meridian  distance 
limited  according  to  the  lat.,  the  decl.,  and  also  the  degree  of  precision 
with  which  the  time  is  known.  The  Limits  are  given  in  Table  47. 
See  also  Explan.  of  the  Table. 

698.  Since  the  lat.  by  ace.  is  employed  in  computing  the  Reduc- 
tion, it  may  be  necessary,  when  this  lat.  has  been  found  to  be  much 
in  error,  to  repeat  the  work. 

*  Though  the  lat.  by  a  single  star  may  not  be  very  correct,  yet  the  error  will  in  general 
be  much  less  than  that  of  the  D.R.  The  altitude  of  a  star  also  affords  a  certain  check 
against  the  mistake  of  applying  die  sun's  declination  the  wrong  way;  and  it  may  be 
remarked,  that  a  single  obrcrvation  of  the  kind  wonld  have  premited  all  the  delay,  wear  and 
tear,  and  danger  incurred  in  the  cases  mentioned  in  the  note  p.  226,  from  the  ships  being  so 
far  out  of  their  proper  latitudes. 

t  Capt.  Sir  Richard  Grant  remarks  that  in  H.M.S.  Ck>mwa]li8,  alts,  of  the  sun  and 
stars  were  rarely  to  be  obtained  while  within  the  limits  of  the  Gulf  Stream,  but  they  had  m 
momentary  glimpse  of  the  sun  near  noon  once  in  two  or  three  days. — Nautical  Magazine, 
183S  p.  437. 
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I.  Reduction  to  the  Meridian  at  Sea. 

[1.]  By  the  Sun. 

699.  The  Observation.  When  the  sun  is  within  the  limits  ia 
Table  47,  observe  two  or  three  altitudes,*  quickly,  noting  the  times. 

When  the  alts,  are  not  observed  very  close  together,  either  a 
separate  result  should  be  obtained  from  each  alt.  with  its  corre- 
sponding time,  or  the  case  should  be  solved  by  No.  727. 

700.  The  Computation.  (1.)  Take  the  mean  of  the  alts,  and  the 
mean  of  the  times. 

(2.)  Find  the  sun*s  hour-angle,  or  the  time  from  noon,  thus : 

1 .  When  the  App.  Time  has  been  latel v  determined  by  observa- 
tion. If  the  ship  has  since  made  westing^  subtract  the  diff.  long,  made 
good  from  the  A.T.  found ;  if  she  has  made  easting^  add  the  diff.  long, 
to  the  A.T. :  the  result  is  the  A.T.  required. 

2.  When  the  A.  T.  has  not  been  lately  determined  by  observa* 
tion.  Find  A.  T.  by  the  chron.  and  the  long,  by  ace,  thus :  To  the 
6.  M.  T.  (found  by  applying  to  the  chron.  the  gain  or  loss  up  to  the 
time)  reduce  the  Eq.  of  T.  and  apply  it  to  the  6.M.T.,  as  directed 
page  II.  of  the  Nautical  Almanac,  or  the  contrary  way  to  that  directed 
in  Table  62 :  the  result  is  A.T.  at  Greenwich.  In  W.  long,  subtract 
the  long,  m  time  from  this  Gr.  T.  (increased,  if  necessary,  by  24**); 
in  E.  long.,  add  it :  the  result  (rejecting  24^  if  it  exceed  24**)  is  A.T. 
at  ship. 

When  the-  A.T.  of  observation  is  p.m.,  it  is  the  hour-angle  re- 
quired ;  when  it  is  a.m.,  subtract  it  from  24^ :  the  rem.  is  the  hour* 
angle. 

If  A.T.  is  near  12**,  subtract  it  from  12** ;  if  it  exceed  12^  reject 
12**:  the  rem.  is  the  hour-angle  from  midnight. 

Find  the  sun's  decL,  No.  679. 

(3.)  Correct  the  alt..  No.  647. 

(4.)  Add  together  the  logarithm  from  Table  70  and  the  log.  sine 
square  of  the  hour-angle :  the  sum  is  the  log.  sine  of  the  Reduction. 

(5.)  Add  the  reduction  to  the  true  alt.,  unless  the  observation  is 
near  midnight,  when  subtract  it :  the  result  is  the  mer.  alt.  at  the 
place  where  the  alt.  was  observed ;  and  the  resulting  lat.  is  the  lat. 
of  the  ship  at  the  time  of  observation  (not  at  noon). 

Having  the  mer.  alt.,  proceed  by  No.  683  (3). 

Ex.1.  Aug.  5tfa,  1826.  H.M.S.  Leren,  lat  by  ace  47° N.;  long,  by  ace.  15^  W.  at 
1 1">  48*  before  noon ;  obtained  true  alt.  0  63^  54'  to  the  southward :  required  tbe  lat.  The 
reduced  decl.  was  i7''4'N. 


Lat.  47°,  ded.  17°  {tame  name)     0*416 
1 1" 48*  sine  sq.  6'82i 

Red.    0°    6'    8m.  7'i37 
63    54 
Mer.  alt.  64     o 


Mer.  alt.  64^0" 

Zen.  diat.  26  o  N. 

Red.  decl.  17  4  N« 

Lat.       43  4  N. 

Repeating  the  work  gives  43^  3' 


*  As  more  than  one  altitude  would,  for  greater  security,  always  be  obtained  when  pos- 
sible, we  shall,  to  avoid  repetition,  consider  the  term  "  altitude"  in  the  subsequent  rules  and 
examples,  as  implying  the  mean  of  two  or  more  altitudes  corresponding  to  the  mean  of  the 
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Ex.  2.  Lat.  55**  ^  N.,  ©'s  ded.  ao**  4'  S.,  at  o^  54""  ix«  p.m.,  sun'a  true  alt.  14**  1'  S.  1 
rcqoired  the  Latitade. 

The  Red.  is  o**  54',  men  alt.  14®  55',  and  the  Latitude  55®  I'N. 

Ex.  3.  Feb.  S3d,  1878,  lat  by  ace.  40^  5*  S.,  long.  132^  E.,  at  11^  45*  m^  A.ic,obs.  alt 
QX  59^  40'  N.,  index  corr.  —a',  eye  ao  feet :  find  the  Latitude. 

Red.  decl.  9^  54'  S.,  true  alt  59^*  49',  Red.  11',  Lai.  39^  54'  S. 

Ex.  4.  Dec,  iftth,  1878,  lat  by  ace.  kP  o\  long.  i6i**  W.,  at  o*  1 1"  52"  f.m.,  obs.  alt.  Q 
66^  34'  S.y  index  eorr.  —  5^,  eye  16  feet:  required  the  Latitude. 

Red.  decl  23^  /  S.,  true  alt.  66°  41',  Red.  11',  Lat.  o''  i'  N. 

Ex.  5.  June  aist,  1878,  lat  by  ace.  42**  18*  S.,  long  53®  E.,  oba.  alt  Q23°  41'  N., 
index  corr.  —  i',  eye  14  feet ;  time  by  watch  o*  50"  53*  Wi.,  feat  on  A.T.  14"  28%  diff.  long, 
made  since  20'  £. :  find  the  Latitude. 

Red.  decL  %z^  vf  N.,  true  alt  %t  5o'>  R«*-  35'»  Lat.  42°  8'  S. 

701.  When  the  number  of  minntes  of  arc,  in  the  Redaction, 
exceeds  the  number  of  minutes  of  time  firom  the  meridian,  it  is 
proper  to  refer  to  Table  48,  to  ascertain  if  it  be  necessary  to  employ 
the  Second  Reductiotu 

Ex.  I.  (The  preceding.)  The  number  of  min.  in  the  Rednctioii,  or  6,  bdng  lets  than 
tlie  nomber  of  min.  of  time,  or  ii,  it  ia  not  neoeisary  to  refer  to  the  lU>le. 


To  Compute  the  2d  Red*  Double  the  log.  sine  of  the  Red. ;  add 
to  it  the  log.  tan.  of  the  mer.  alt  found,  and  the  constant  9*6990 :  the 
sum  (rejecting  tens)  is  the  log.  sine  of  the  2d  Red. 

This  is  to  be  mibtracted  from  the  1st  Red.  (above  the  Pole),  that  is 
applied  to  the  alt.  the  contrary  way  to  that  of  the  1st  Red. 

Ex.  2.   May  5th,  1878,  lat.  ace  5^  3  N.,  long.  71*  10'  E ;  time  by  watch  5**  3"  7*  p.m., 
bat  on  app.  time  at  ship  4'*  47"*  27*:  obs.  alt.  Q  77*  59'  N  ;  height  of  eye  16  feet 


Time  by  Watch 
Fast 

-4  47    17 

Lat  5^»  Ded. 
oh  15" 

i^y*  {9am9  name) 
40*                 iin.  aq. 

0*992 

7-067 

A.T.S. 
Long,  in  Time 

5     0    15  40 

-4   44   40 

4  19   31      0 

• 

True  Alt 

39' 
78    II 

iin. 

8059 

2 

A.T.G. 

6118 

Dca         16**    J'N. 
Corr.             + 14 

Red.  DecL  16    15  N. 

Obs.  Alt    77°  59' 
Table  38       -1- 11 

True  Alt   78    11 

Mer.  Alt 

Zen.  Dist. 
Decl. 

Lat. 

78   50 

—  I 

78  49 
11    II  S. 
16   15  N. 

5     4N. 

tang, 
const. 

sin. 

0-705 
9699 

6*522 

Ex.  3.  Jan.  6th,  1878,  a.m.,  lat  ace.  1°  10'  N.,  long.  58^  E.,  at  8^  4"'  53*  by  watch, 
jk  35a  28*  glow  on  A.T.,  long,  made  since  13'  W. ;  obs.  alt  0  65''  13'  S.,  height  of  eye 
16  feet :  required  the  Latitude. 

Red.  decl.  22^  %tf  S.,  Red.  31',  2d  Red.  o',  Lat.  i""  34' K 


oU 


Ex.  4.    Sept  15th,  1878,  lat.  aoc  4^  58'  S.,  long,  no®  W.,  at  o^  11"  19"  f.m.  A.T. 
•  aJt  ^81    33'  N.,  index  error  — 2^,  eye  16  feet :  find  the  Latitude. 

Red.  decl.  2°  52' N.,  Red.  30^,  2d  Red.  i',  Lat.  4""  56'  S. 
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702.  If  a  second  altitade,  some  time  after  the  first,  do  not  confirm 
the  lat.,  the  time  is  probably  in  error.  In  such  cases  the  mean  lati- 
tude is  not  to  be  taken  as  the  true  latitude,  because  that  result  which 
is  nearest  to  the  meridian  is  the  best. 

If  the  time  only  is  in  error,  it  will  be  easy  to  find,  by  trial,  that 
time  from  noon  which  will  make  the  two  results  agree;  and  thus 
this  observation  may  serve  to  correct,  approximately,  the  error  of 
the  watch.  When  the  interval,  however,  between  the  alts,  amounts 
to  6"  or  8",  the  case  should  be  solved  as  a  Short  Double  Altitude. 
No.  720. 

[2.]  By  a  Star,  u  Planet,  or  the  Moon. 

703.  Compute  the  hour-angle :  this  must  be  done  by  means  of 
the  time  at  ship,  by  No.  61 1  or  612.  But  in  general  it  will  be  better 
to  observe  the  alt.  of  a  star  nearly  E.  or  W.,  and  to  deduce  its  hour- 
angle,  as  directed  in  No.  737. 

In  other  respects  proceed  as  above  directed.  When  the  decl. 
exceeds  24°,  the  log..  Table  70,  must  be  computed. 

704.  Degree  of  Dependance.  The  error  of  the  result  is  composed 
of  that  of  the  mer.  alt..  No.  695,  together  with  that  of  the  com- 
puted Red.,  which  latter,  when  well  within  the  limits  of  Table  47, 
will  rarely  be  worth  notice. 

2.  CircummeridioTial  Altitudes. 

706.  On  shore,  when  the  time  is  accurately  known,  or  even  at 
sea  under  favourable  circumstances,  the  result  of  several  altitudes 
may  be  obtained  by  a  computation  which  is  the  same  in  principle 
as  the  preceding,  and  is  of  much  greater  value  than  that  of  any  single 
observation  on  or  near  the  meridian. 

[1.]  By  the  Swi. 

706.  The  Observation.  When  the  sun  is  within  the  limits  in 
Table  47,  observe  altitudes  as  fast  as  convenient,  noting  accurately 
the  times  by  watch,  of  which  the  error  on  Apparent  Time  must  be 
known  or  found  as  soon  as  possible  afterwards. 

When  precision  is  required,  note  the  barometer  and  thermometer. 

707.  Ihe  Computation.  (1.)  Find  the  Green.  Date  for  noon  at 
the  place,  in  app.  time,  and  reduce  the  decl.  If  the  error  of  the 
watcn  is  given  on  M.T.,  reduce  also  the  Eq.  of  Time. 

(2.)  By  means  of  the  error  of  the  watch  obtain  A.T.  at  each 
altitude.  To  these  App.  Times  take  out  the  Reduction  in  seconds 
from  Table  49.    Take  the  mean  of  the  Reductions* 

(3.)  Find  the  mean  of  the  alts.,  and  correct  it,  No.  649  or  650. 
If  the  meridian  alt.  is  not  observed  nearly,  deduce  it,  No.  663,  &c. 

(4.)  Add  together  the  log.  of  the  mean  Reduction,  the  log.  cos. 
of  the  lat.  by  ace,  the  log.  cos.  of  the  decl.,  and  log.  sec.  of  the  mer. 
alt. :  the  sum  is  the  log.  of  the  Reduction. 
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(5.)  At  nootiy  add  the  Redaction  to  the  mean  alt. ;  at  midnight^ 
subtract  it :  the  result  is  the  mer.  alt. 

Ex.  1.    July  9th,  1836,  lat.  by  ace.  51®  49'  N. ;  long.  o*>  3">  W. ;  obs.  alts,  of  the  sun'a 
lower  Vaob,  near  noon ,  by  a  sextant. 


Times,  by  Watdi. 

o  o  47 

o  3   40 

o  25  46 

o  30   39 


Double  Alt.  0 
120^28'     ci* 
120    30    30 
120    32    37 
120     7     o 
119  51  40 


At  ii*5s"i»by'watch, 
the  watch  was  2"  10**9  fast 
on  M.T.,  and  at  o^  44*^  5 1* 
it  was  2»»  8"*7  fast. 


Ind.  coTT.  -f  54",  barom.  29*8  inches,  therm.  66^. 
The  obserration  being  at  noon  in  long.  o»»  3"  W.,  the  Gr.  Date  is  July  9th,  o*»  3'»,  app. 
time. 

Hie  reduced  Eq.  of  T.  is  4'»  49»-4,  iubtr,  from  M.T. ;  red.  deci.  22®  21'  1 1"  N. 


Bmr  on  App.  T. 
T.  byW.         ii»»S5 


I* 

2    II 


II    52   50 
-4  49 


Fast 

M.T. 
Eq.  of  T. 

App.  T. 
T.  by  watdi 

W.  &8t  on  A.T.' 


Sam  of  Alts.    60 1**  29'  47" 


II   48 
"    55 


I 

I 


120 

17 

57 

+ 

54 

2)  120 

18 

5" 

60 

9 

15 

+ 

15 

45 

Mean  Alt.      60 

»5 

10 

ApproxMer.Alt.  60 

3» 

App.  Times 

||b  riUji*. 


Jl 
II 

o 
o 


51' 

53 
56 
18 

*3 


47 
40 
46 
39 


RcducUoos 
....  i46"-9 
...  75  -9 
...  21  *8 
...  691  *i 
...  1097  '2 

5)  ao3a  "9 


// 


406  '6 

60®  Refr.  33 

Par.  —4 

Mean  Corr.       29 
Th.  6l^ 

Alt6o^-o"-9 
Bar.  29*8,  ~o  '2 

True  Corr. 
60 


log. 


—  I 


*5 


28 
10 


True  Alt  60  24  42 


Lat. 
Ded. 
M.  Alt. 

■"•4  log. 


472' 


472 


H 


2*6092 

COS.  9*7911 

008.    9 '966 1 

sec.  0*3079 
26743 


Mer.  Alt 

Zen.  Dist. 
DecUn. 

Lat. 


-  o'    7'  52 
60  24  42 

60   32   34 

29  27  26  N. 
22  21    II  N. 

51   48   37  N. 


708.  To  compute  the  2d  Reduction. 

Take  from  Table  50  the  2d  Reductions  (these  will  be  sensible 
in  the  larger  hour-angles  only),  and  divide  the  sum  by  the  whole 
nomber  01  altitudes. 

To  twice  the  sum  of  the  three  logs,  used  before  (namely,  lat., 
decl.,  and  alt.)  add  the  log.  of  the  mean  of  the  2d  Reductions ;  the 
sum  is  the  log.  of  the  2d  Red.  required. 


Ex.    (Ex.  1  preceding)    23"' 39* 

18  46 


2dR. 


»"-9 
I  'I 

5)4  -o 


2d  Red. 


o  *8  log. 
i"o8 


3  logs.  0*0651 

2 

0*1302 

9*903' 
log.  ©•0333 


Sabtractmg  i^'i  fW)m  7'  52'' -4  gives  the  lat..  omitting  decimals,  51^48'  38". 

709.  When  the  declin.  changes  considerably,  take  the  difference 
I^^een  the  sums  of  the  Eastern  and  Western  hour-angles,  in  deci- 
niaU  of  an  hour;  multiply  it  by  the  hourly  diff.  of  declin.,  and  divide 
I>y  the  number  of  altitudes. 

When  the  sun  is  approaching  the  elevated  pole,  if  the  £•  sum  is 
the  greater^  add  this  quotient  to  the  Red. ;  if  the  lesser^  subtract  it. 
When  the  sun  is  receding  from  the  elevated  pole,  the  contrary* 
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Ex.  2.    May  7th,  1847,  lat  by  aoc.  55®  i'  N.,  long,  o^  6^  W.,  obc.  alt.  of  gun's  altamate 
limbs  in  the  quicksilver,  near  noon,  with  the  circle ;  Imut.  19*6  inch,  therm.  52^, 

Timet  by  W. 

Daring  the  observation  the  angle 
was  carried  twice  quite  round  the  limb, 
and  the  final  angle  registered  was 


llfe 

38«24*  1 

43 

3 

46 

38 

50 

13 

5* 

33 

54 

27 

57 

15 

59 

21 

0 

6 

5 

0 

7 

19 

0 

9 

37 

0 

II 

53 

0 

14 

5 

0 

17 

17 

0 

21 

27 

0 

a5 

33 

Snmof  Alts. 

211°  59'  36"    which 
Increased  by   1440     o     o       gives 

Total  Angle\     ,^„    ,^   ,^ 
Messui^   1     '^51   59  3© 

The  error  of  watch  at  noon,  as  de- 
termined by  equal  alts.,  was  i^  3**0 
/as/ on  A.  T. 


The  obs.  being  made  at  noon  in 
long.  0^  6">,  the 'Green.  Date  is  May 
7th,  o^  6'B  in  App.  Time. 


Sun's  Ded.  at  Green. Date,  i6''43'  ^  N. 

To  find  Approz.  Mer.  Alt, 
i6«43' 


DecL 


90 


16)  i65i«^9^3o'' 


Alt. 
eAlt 

») 

103 

14 

58 

Obs. 

5« 

37 

29 

Tru 

51 

36 

49 

App.Timei 
lib  36B21* 
II    41      O 


ReductSooi 
..  1097*2  . 
..    708*3  ., 


106   43 
Lttt.      —55     I 

Mer.  Alt.     51  42 


idlUds 


2"*9 
X   '2 


23     30 

Sum 


To  find  the  Effect  of  a  Change  of  Dedin. 
The  Sum  of  the  E.  H.-ang.  is  97°*  30* 


Do.    Western    do. 

Diff.  of  E.  and  W.  H.-ang. 
Or  '05^ 

Hourly  Diff.        41*32 


94  53 


%   37 


2J8 

16)9  *6 

Do. -1-16    363*6  log.  2*5606        o  '6  log.  9*7781 
Lat.     55^    x' COS.  9*7584  \ 
Ded.   16  43  COS.  9*9812  S  9*9474 

Mer.  Alt.  51  42  sec.  0*2078  )  2 


322*2  log.  2*5080    9*8948         9*8948 

ftd  Red.     o*5  log.  9*6729 
Alt.  513649 

Mer.  Alt.  51  42  11,  and  Lat.  55°  o'  50" 


322"—  5'  22** 


16)  2 '06  60 

•«3 
Effect  of  Change,  Ded.  is  o''-i3  only. 

710.  The  rate  of  the  watch  must  be  allowed  for  in  deducinp;  each 
hour-angle.  In  the  case  of  the  sun  the  rate  should  be  found  upon 
A.  T.,  but  it  is  of  course  near  enough  for  this  purpose  to  employ 
M.T. 

711.  An  error  in  the  absolute  time  affects  all  the  hour-angles 
alike,  but  it  produces  the  greatest  errors  in  the  greater  Reductions. 
The  higher  the  altitude,  the  greater  is  the  precision  required  in  the 
time. 

When  the  time  is  inaccurate  the  Reductions  on  one  side  of  the 
meridian  will  be  too  great,  and  on  the  other  too  small ;  if,  therefore, 
the  altitudes  p.m.  be  taken  so  as  to  correspond  nearly  with  those  a.m. 
the  errors  of  the  Reductions  will  very  nearly  compensate. 

This  distribution  of  the  altitudes,  by  equalising  the  number  of 
the  hour-angles  a.m.  and  p.m.  has  also  tne  advantage  of  neutralising 
the  effect  of  a  change  of  declination.  It  is  proper,  moreover,  to 
multiply  the  observations  near  the  meridian,  in  order  to  weaken,  by 
subdivision,  the  small  errors  to  which  the  outer  reductions  may  be 
liable. 

712.  The  effect  of  irradiation^  or  the  increase  of  the  sun's  appa* 
rent  diameter  caused  by  the  extreme  brightness,  and  which  may 
amount  to  5'^  or  &'  (Dr.  Robinson  on  Irradiation,  *'  Mem  Roy.  Ast 
Soc/'  vol.  iy.)>  is  removed  by  observing  both  limbs. 
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[2.]  By  a  Star  or  a  Planet. 

713.  The  Observation  is  the  same  as  for  the  sun,  No.  706. 

714.  The  Computation,  (1.)  Haying  the  error  of  the  watch  on 
M.  T.,  find  the  Greenwich  Date.  Reduce  thereto  the  Sidereal  Time 
at  mean  noon,  and  also  the  R.A.  and  decl. ;  and  for  a  planet,  the 
hor.  par. 

(2.)  find  the  hour-angle  at  each  alt.  and  proceed  as  for  the  sun. 
liVhen  the  watch  shews  Sid.  Time,  the  hour-angles  are  obtained 
at  once. 

715.  The  stars  near  the  poles,  and  especially  the  pole-star,  are 
the  best  adapted  to  this  obserration ;  because,  from  the  slowness  of 
the  motion  in  altitude,  an  error  of  time  produces  but  little  error  in 
the  Reduction. 

716.  Errors  of  altitude,  of  whatever  kind,  are  removed  by  em- 
ploying two  bodies  on  opposite  sides  of  the  zenith,  and  at  equal 
altitudes.  A  siugle  result,  even  though  obtained  with  the  circle,  and 
without  the  roof,  cannot  accordingly  be  considered  definitive  when 
extreme  precision  is  required. 

717.  Degree  of  Dependance.    This  is  described  in  No.  704. 


III.  By  Double  Altitude  of  the  Same  Body. 

718.  Two  altitudes,  of  the  same  or  different  celestial  bodies,  with 
the  interval  of  time  between  them,  constitute  an  observation  which 
is  called  a  Double  Altitude."*^  The  interval  may  extend  from  a  few 
minutes  to  several  hours. 

719.  When  a  double  altitude  of  the  same  body  is  taken,  the 
precepts  below  will  be  convenient  in  directing  the  method  of  solution 
proper  for  the  case. 

Also,  when  a  first  altitude  has  been  obtained,  the  observer  will 
find,  on  referring  to  the  numbers  indicated,  under  the  heads  Observa- 
tion and  Limits^  instructions  how  to  complete  the  observation  in  the 
manner  adapted  to  the  circumstances. 

Selection  of  tihe  Method  of  Solution. 

When  both  alt»,  are  not  fiur  from  the  meridian,  on  the  same  aide,  No.  729 ;  on  different 
aidca.  No.  731 ;  in  a  doubtful  caae,  No.  728. 

When  one  aU.  ia  near  the  meridian,  No.  737. 

When  neither  alt.  ia  near  the  meridian.  If  the  lat  by  ace.  is  not  greatly  in  error,  No. 
746.  ,  If  it  18  greaUy  in  error,  or  if  it  is  proposed  to  do  without  it,  No.  757. 

« 

*  This  is  the  old-established  term ;  it  is,  however,  defective,  inasmuch  as  tiie  word  doMe 
means  twice  the  eame.  Since  the  process  involves  two  altitudes  used  in  combination  with 
one  another,  the  term  which  would  naturally  suggest  itself  is  Combined  AUiiudet;  we  should 
then  have,  aocor^&mly,  combined  altitades  of  the  same  or  different  bodies,  and  of  long  or 
short  intervals.  TUs  term,  therefore,  which  is  accurate  as  respects  definition,  would  be  dear 
and  descriptive  in  use.  AH  changes  in  nomenclature,  in  this  subject,  however,  must  be  mad* 
wmicantioD. 
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1.  Short  Double  Altitude, 

720.  When  the  time  is  not  known  with  some  degree  of  precision^ 
the  Reduction  to  the  meridian  cannot  be  computed.  In  such  cases 
recourse  must  be  had  to  two  altitudes  separated  by  a  short  interval, 
and  not  very  distant  from  the  meridian. 

721.  The  change  of  altitude  in  a  small  interval  of  time  (No.  696) 
depends  chiefly  on  the  hour-anele  or  meridian  distance,  and  is  nearly 
the  same  for  a  considerable  difference  of  latitude.  Although  alti- 
tudes at  sea  are  always  more  or  less  uncertain,  yet  difference  of  alt. 
may  often  be  obtained  with  much  precision.  If,  therefore,  the  dif- 
ference of  alt.  in  a  small  interval  of  time  be  measured  by  an  instra- 
ment,  the  hour-angle  corresponding  may  be  found  by  computation. 
The  Reduction  to  the  meridian  bemg  then  computed  for  this  hour- 
angle,  the  latitude  is  obtained  by  the  method  in  tne  last  section. 

722.  The  error  of  the  watch  is  immaterial,  but  its  rate  should  be 
known  nearly  enough  for  measuring  the  interval  without  much 
error. 

723.  When  the  altitudes  are  observed  at  different  places,  it  is 
necessary  to  allow  for  the  ship's  run  in  the  interval. 

724.  Since  the  lat.  by  ace.  is  necessary  in  computing  the  Reduc- 
tion, the  work  should  be  repeated  when  this  lat.  is  found  to  be  very 
erroneous. 

725.  Limits.  When  both  alts,  are  taken  on  the  same  side  of  the 
merid.,  if  the  outer  alt.  fall  near  the  limits  in  Table  47,  the  Interval 
should  exceed  one-fourth  of  the  time  of  that  alt.  from  noon,  and 
should  not  be  less  than  5*".  The  observation  may  be  comprised 
within  double  the  mer.  dist.  implied  in  Table  48. 

When  the  alts,  are  taken  on  different  sides,  the  Interval  may 
vary  from  6"  to  twice  the  limit  in  Table  47. 

[1.]  J^iheStm. 

726.  7^  Observation.  Observe  an  alt*  and  note  the  time. 
Note  the  sun*s  bearing  for  the  purpose  of  allowing  for  run.  After 
the  proper  interval,  No.  725,  observe  the  second  alt.  and  bearing, 
noting  tlie  time. 

727.  7^  Computation.^  (1.)  Subtract  the  first  of  the  two  times 
from  the  second  (increased  if  necessary  by  12*")  f  the  rem.  is  the  In- 


*  Two  only,  or  at  most  three,  altitadeB  taken  in  quick  saooession  would  be  employed  in 
observations  with  a  short  interval. 

t  The  first  work  in  which  a  method  ocean  of  finding  the  latitude  by  two  altitudes 
observed  near  the  meridian  (but  restricted  to  the  tame  Sde)  with  an  interval  of  a  few 
minutes,  is  the  **  Coon  d'Observations  Nantiqnes/'  by  Dnoom.  The  advantage  which 
Admiral  W.  Owen  acquainted  me  that  he  had  derived  from  the  practice  of  this  method 
led  me  to  give  an  account  of  it  in  the  "  United  Sorioe  Journal,'' vol.  x.,  together  with  a 
rule  for  adapting  it  to  longer  intervals.  Soon  after  the  account  appaur«d,  Commander 
Graves,  commanding  H.  M.  surveying-vessel  Mastiff,  was  enabled,  as  he  informed  me,  by 
this  observation,  to  run  direct  for  Malta  before  the  coming  on  of  a  grease,  or  N.  B.  gale,  to 
which  another  of  Her  Majesty's  ships  was  exposed. 
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fenral.  Beduce  the  declin.  for  the  time  of  the  alt.  neai'est  the  raer., 
No.  579 ;  or  to  the  middle  of  the  interval  (that  is,  to  noon)  when  the 
alts,  are  equal. 

(2.)  Correct  the  altitudes.  No.  648  or  649.  Also  correct  the 
Interval  by  watch  for  the  rate,  if  this  is  very  large. 

When  the  sun  is  rising  or  falling  at  both  observations,  proceed 
by  Case  I.,  No.  729 ;  when  rising  at  one  observation,  and  falling  at 
the  other,  proceed  by  Case  II.,  No.  731. 

728.  \\  hen  sufficient  time  is  not  afforded  to  perceive  the  rising 
or  falling  of  the  sun,  and  when  it  is  not  known  otherwise  whether 
the  altitudes  are  taken  on  the  same  or  on  different  sides  of  the 
meridian,  proceed  thus: 

Consider  the  interval*  as  a  time  from  noon;  and  compute  the 
Beduction  to  it;  then, 

If  the  Reduction  is  less  than  the  diff.  of  alts.,  the  observations 
are  on  the  same  side ;  if  the  Reduction  is  the  greater^  they  are  on 
different  sides.  ^ 

Hence,  if  the  Reduction  is  equal  to  the  diff.  of  alts.,  one  of  the 
alts,  is  the  meridian  altitude. 

No  great  precision  is  to  be  expected,  as  the  rules  are  only 
approximate.    In  a  doubtful  case  use  either. 

729.  Case  I.    The  observations  on  the  same  side  of  the  meridian. 
(1.)  When  the  alts,  are  both  a.m.  reduce  the  1st  to  the  place  of 

the  2d,  No.  661 ;  when  they  are  both  p.m.  reduce  the  2d  to  the  place 
of  the  1st,  No.  662.t  Find  the  diff.  of  the  alts,  and  their  mean. 
Correct  the  diff.  alts,  and  the  interval  by  the  Table,  p.  205. 

(2.)  Add  together  the  log.  sine  of  the  diff.  of  alts.,  the  log.  cosec. 
of  the  interval,  the  log.  sec.  of  the  lat.,  the  log.  sec.  of  the  decl.,  and 
the  log.  COS.  of  the  mean  alt. :  the  sum  (rejecting  tens)  is  the  log.  sine 
of  the  hour-angle,  approximately,  at  the  middle  time  between  the  two 
observations. 

(3.)  From  this  time  subtract  half  the  interval :  the  remainder  is 
the  time  from  noon  of  the  altitude  nearest  the  meridian. 

(4.)  To  this  time  compute  the  Reduction,  which  apply  to  the  alt. 
nearest  the  meridian,  and  proceed  by  No.  700  (5) :  the  result  is  the 
latitude  at  the  time  and  place  where  the  alt.  nearest  the  meridian 
was  observed. j: 

*  It  is  proper  to  remark  here,  that  the  interval  between  two  obsenratioiifl  of  the  son 
•boold,  in  strictness,  be  measured  in  apparent  time,  instead  of  mean  time,  which  is  shewn  bj 
the  watch.  To  correct  the  intenral  on  this  account,  find  the  change  of  the  Eq.  of  T.  for  the 
intenral.  When  the  Eq.  is  additive,  if  it  is  increasing^  subtract  the  change ;  if  decreasing, 
add  it ;  and  the  contrary  when  the  Eq.  is  subtractive.  In  the  short  double  alt,  however, 
this  correction  is  insensible,  and  in  long  intervals  the  result  is  of  so  inferior  a  kind  that 
the  trifling  accuracy  gained  by  this  process  can  rarely  be  worth  the  trouble  bestowed 
upon  it. 

t  This  reduction  is  of  particular  consequence  in  this  observation,  because  the  accuracy  of 
the  result  depends  on  that  of  the  difference  of  altitudes. 

f,  This  observation,  which  affords  the  latitude,  the  app.  time  near  enough  for  common 
p«irposes,  and  tfaenoe  an  approximate  long,  by  chronometer,  with  the  azimuth  (No.  678),  and 
consequently  the  variation  of  the  compass,  will,  it  is  presumed,  be  found  one  of  the  most 
«seliil  obsemtions  that  can  be  made  at  sea,  especially  in  high  latitudes. 
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Ex.  1.   Oct  9th.  1878,  A.11.,  lat.  ace.  34°  55'  N.,  long.  6i*»  W.,  had  foUowing  obfl. : 
height  of  eye  16  feet,  ind.  corr.  +  3'. 

Alt.Q    46^4/  so'         ^      „     , 
Ind.  corr.   +   3  Alt,  Q  47'*  57' 

Table  38     +11  +  3 

•l-ii 


T.  by  Watch    ii«»  I2"52« 
II   43     4 
30   II 


Ditto 
iDtexral 
Half  Int. 


Ded.  noon 
Corr.  6i<»W. 

Red.  DecL 


IS 

6°  ly  8. 

•*-4 
6   23  S. 


47      I    50 


Greater  Alt.      48   11 


Mean  Alt. 
Diff.  Alt. 


48^11'  o" 

47      I  SO 

95    '*  SO 

47   36  >S 

I     9  10 


i**  9'  lO* 


30™  I  a" 

34''  55' 
6  23 


D.  Alts. 

Int. 

LaL 

Decl. 

Alt.  mean  47   36 

Mid.T.       a9»  8« 

4  Int.         25 i 

T.  fr.  noon 


sine  8*3036 
cosec.  0*8814 
sec  0*0862 
sec  0*0027 
cos.     ^'8289 

sine 


9*1028 


14     a  (of  the  greater  alt.) 


Lat.  35",  decL  6i^  Table  70         0*391 

14'"  a*     sin.  sq.  6'97» 

8*  sin.  7*363 

Greater  Alt.   48   ii 

Mer.  Alt. 


Red.  Ded. 


48    19 

41   41 N. 
6  23  S. 


Lat.        35   18  N. 


(The  Red.  for ^e  interval  300  12*  is  37',  which  being  leu  than  69',  shows  the  obserra- 
tions  to  be  on  the  same  side  of  the  meridian,  if  this  were  doubtful.    No.  728.) 

The  2d  Red.  is  not  worth  notice.    Repeating  the  work  gives  35°  j8'  N. 

Ex.  2.  Aug.  4th,  1878,  lat  ace.  41^  54'  N.,  long.  39°  W.,  obtained  true  alt  ©  63^  57'' 5  ; 
after  ii*  12*  true  alt  64°  3 2'* 5  (allowing  for  run).  Red.  ded.  17^12'  N. ;  mean  alt. 
64°  15';  diff.  alts.  35'*o. 

Lat  42®  N.,  decL  17**  N.   0*527 
*3"4o*  "io.  »q«  7*425 


35'    o' 

sin. 

80078 

1 1™  12" 

oosec. 

1*3111 

4!"  54' 

sec. 

0*1282 

17     12 

sec. 

0*0199 

64  15 

oos. 

96379 

Mid.  T.  29- 

i6* 

sin. 

91049 

lint    -5 

36 

23 

40 

o°3i' 
64   33 


sin.  7*952 


65     4 
Whence  Lat.  42**  8*  K. 

The  2d  Red.  is  not  worth  notice 
(The  Red.  for  1 1*  is*  is  6'*9,  which  is  less  than  35^*0.    See  No.  728.) 

Ex.3.   Aug.  nth,  1826,  A.if.,  lat.  by  ace  47^  N.,  long.  13^  W.,  obtained  true  alt  O 
55°  4>''9t  bearing  S.,  course  E.  by  N.  7  knots  ;  after  12"  14*  obtained  true  alt.  ©  56"^  37''9 
Ist  idt,  corrected  for  run,  55°  4i'*6,  mean  alt.  56°  1 1\  diff.  alts.  56^*3,  reduced  ded.  1 5°  23'  N . 
Corrections,  p.  205,  o. 

The  mid.  time  from  noon  is  i^  o™  14*.  Reduction  2^  o',  mer.  alt  58^  34!'.  Lat. 
46<»  48f  N. 

The  2d  Red.  by  Table  48,  alt.  58%  is  i'  for  Red.  1^  8.,  and  therefore  for  Red.  i''  54'  it 
exceeds  i'. 

730.  Degree  of  Dependance.  The  smaller  the  hour-angle^  the 
less  is  the  effect  of  error  in  the  D.  alts.  As  the  interval  maj,  from 
its  smallness,  be  assumed  to  be  correctly  measured,  the  value  of  the 
result  depends  chiefly  on  the  difference  of  alts.,  and  may  be  estimated 
by  finding  the  effect  of  an  error  of  1^  in  the  diff.  of  alts.,  which  is 
easily  done.  Divide  the  middle  time  by  the  diff.  of  alts.,  both  in 
minutes :  the  quotient  is  the  number  of  minutes  of  error  in  the  time 
from  noon,  caused  by  1'  error  in  the  diff.  of  alts. :  the  case  now 
becomes  that  of  an  error  in  the  Reduction  itself.  No.  704.* 

Ex.  In  Ex.  3,  aboTe,  6o"  divided  by  56'  gives  i™*i,  which  is  the  error  in  the  time  from 
noon,  supposing  56'  to  be  i'  fn  error.  Now,  by  inspecting  Table  47,  lat  47°  and  decL  15**, 
{tame  name)  give  27*  as  the  limit,  or  time  from  noon  at  which  i*  error  of  time  causes  %' 


*  When  the  lat.  is  found  to  have  been  very  erroneous,  repetition  is  very  easily  effected, 
as  the  sec.  lat.  is  the  only  log.  in  729  (2)  that  changes. 
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error  in  tlie  redaction :  hence  i"'!  error  at  i^  firom  noon  will  canae  about  5'  error  in  the 
Reduction,  and  therefore  in  the  latitude. 

This  example  is  not  an  eligible  one,  since  12"*  is  only  i-5th  of  i**,  instead  of  being  not 
less  than  1.4U1.     See  No.  725. 

731.  Case  II.  Observations  on  different  sides  of  the  meridian. 

(1.)  Reduce  the  alts,  to  the  place  of  the  alt.  nearest  the  meridian, 
Kg.  661  or  662.  Find  the  diif.  of  alts.;  correct  it  and  the  half 
interval,  when  necessary,  by  the  Table,  p.  205. 

(2.)  To  the  arith.  comp.  of  the  log.  in  Tab.  70  add  the  log.  sine 
of  the  diff.  of  alts,  and  the  log.  cosec.  of  half  the  interval :  the  sum  is 
the  log.  sine  of  half  the  diff.  of  the  times  from  noon  corresponding  to 
the  two  altitudes. 

(3.)  Subtract  this  half  diff.  from  the  half  interval :  the  remainder 
is  the  time  from  noon  (or  merid.  dist.)  of  the  alt.  nearest  the 
meridian. 

(4.)  Compute  the  Reduction  to  this  time,  and  apply  it  to  the  alt. 
nearest  the  meridian,  and  proceed  as  directed.  No.  700.  The; 
result  is  the  latitude  at  the  time  and  place  where  the  alt.  nearest  the 
meridian  was  observed. 

Ex.  1.   April  3d,  187 8 y  lat.  by  ace.  46°  7!  N.,  long.  17^  W.,  the  tme  alts,  of  the  sun 
to  the  southward,   reduced  to  last  place  of  observation  as  below.     Red.  decL  5^23'  N, 


Times  by  Watch  %^  o»54* 

»   3S    5* 
Interval  34  58 

Ijit  46**,  ded.  5°,  ar.  co.  log.  9*676 
Diff.  alts.  13'  23"  sin.  7*  $90 
Half.  int.    i-j^z^    cosec.  rii8 

Half,  diff.  — 5   33         sm.  8*384 

T.fr.noon     11  56  (of  greater  alt.) 


true  alt.  49®  10'  30"  a.m.,  or  risinii;. 
49  %i   S3  P.M.,  or  failing. 

diff.  alt.        13  23 

Lat.  46^,  decl.  5°,    log.  0*314 
II"  56"  sin.  sq.  6*831 

Red.        0°   5'      sin.  7*155 
Gr.  alt.  49  a4 

Mer.  alt.  49  29 
wUflh  gives  the  Lat.  45^  54'  N. 


Ex.  2.  H.M.S.  Leven,  Aug.  loth,  1826,  lat  by  aoc  46°  N.,  long.  15^  W.,  obtained  tme 
■It.  0  59°  57'*2 ;  after  28"  42*  true  alt  59*^  2o'*5,  the  ship  having  little  or  no  way.  Reduced 
decL  at  1st  alt.  15°  40'  N. 


46®  and  16°,  ar.  co,  log.  9*573 
Diff.  alts.   36'  42"  sin.  8*028 

Half  int.        14"  21*  cosec  1*204 

Half  diff.       14    39       sin.  8*805 
This  small  excess  of  the  computed  \  diff. 


over  the  {  interval  (which  should  be  the 
greater)  is  due  to  the  error  of  the  method 
itself,  which  becomes  apparent  in  a  long 
interval,  and  it  shews  that  the  alt  50°  5  7' '2 
is  very  nearly  the  mer.  alt.  This  gives  the 
Lat.  45°  43'N. 

Ex.  S.    Dee.  23d,  1825,  ^^  ^1  ^^'  S°  S.,  observed  true  alts.  0  74^  26'  a.m.  and  74^  16' 
f .M.,  with  the  interval  36'»  37*.    Reduced  ded.  23°  %f  S. 


i8»  i8« 

«7     4 


Ar.  00.  log. 
10'  sin. 
oosec. 
sin. 


9*168 
7*464 
1*098 

7730 


»7"4' 


0*832 
7*142 


Red.   o""  32' 
—  I 

74  a6 

75  57 


■hi.  7*974 
(Table  48.) 


The  Lat  is  8^  24'S.    This  Ex.  is  far 
without  the  limits,  Table  47. 

Ex.  4.  Aug.  9th,  1826,  lat.  by  ace.  45°  N.,  long.  i5°W.,  a.m.,  obtained  true  alt.  0 
60^  29'*5.  After  52"  27*  obtained  true  alt  60°  30'.  The  1st  alt.  reduced  for  i'  northing 
oiade  good  in  the  interval  is  60**  28^*5. 

The  diff.  alts,  i'*  5  and  a  half  interval  26n  i6"  give  half  diff.  19* ;  the  Red.  is  3 1',  and  mer. 
•in,  6i»  1',  which,  with  reduced  decl.  is**  57'N.,  give  Lat.  44°  56'N. 
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732.  When  the  alts,  are  equal,  the  half  interval  is  the  time  from 
noon. 

733.  Degree  of  Dependcmce.  It  would  not  be  easy  to  give  a 
concise  rule  for  this  in  long  intervals.  The  rule  No.  730  applies 
very  nearly  in  short  and  moderate  intervals,  using,  instead  of  the 
**  middle  time,"  the  time  from  noon  of  the  alt.  nearest  the  meridian. 

[2.]  Short  DoubteAliUudeqf  a  star, 

734.  Increase  the  interval  by  1*  for  every  6".  Take  the  decl. 
from  the  Nautical  Almanac,  or  Table  63.  In  other  respects  proceed 
as  for  the  sun. 

[3.]  Short  Double  Altitude  qfa  Planet, 

735.  Find  the  Greenwich  Date  for  the  middle  of  the  interval, 
and  reduce  the  decl.  Find  the  daily  variation  of  R.A.,  and  deduce 
by  Table  21  the  change  of  R.A.  for  the  interval.  When  the  R.A.  is 
increasing^  subtract  this  change  from  the  interval ;  when  decreasing^ 
add  it.  Increase  the  interval  by  the  acceleration  upon  it.  In  other 
respects  proceed  as  for  the  sun. 

As  the  R.  A.  and  decl.  of  a  planet  sometimes  change  very  slowly, 
much  of  the  above  labour  is  not  always  necessary :  particular  rules 
for  all  such  cases  would,  however,  be  superfluous. 

[4.]  By  the  Moon. 

736.  Find  the  Greenwich  Date  as  nearly  as  possible  at  each 
observation,  and  compute  the  R.A.  Subtract  from  the  interval  the 
change  of  R.A.,  and  add  to  it  the  acceleration.  Reduce  the  decl.  to 
the  middle  of  the  interval,  as  also  the  hor.  par.  and  semid.  In  other 
respects  proceed  as  for  the  sun. 

As  a  proper  allowance  for  a  considerable  change  of  declination 
would  complicate  the  rule,  the  moon  can  be  employed  satisfactorily 
in  this  observation  only  in  cases  of  very  short  intervals,  and  when 
her  declination  changes  slowly. 

2.  Double  Altitude^  one  Altitude  being  near  the  Meridian, 

737.  When  one  of  two  altitudes  is  taken  near  the  meridian,  and 
the  other  when  the  body  has  a  large  azimuth,  the  cuter  hour-angle 
(or  that  corresponding  to  the  altitude  furthest  from  the  meridian) 
may  be  computed  nearly  (No.  614),  since  it  will  not  be  much  affected 
by  an  error  in  the  latitude  by  account.*  The  difference  of  the  hour- 
angles  being  afforded  by  the  measured  interval  of  time,  the  other,  or 
inner  hour-angle,  is  found;  and  the  Reduction  being  computed 
thereto,  the  mer.  alt.  is  deduced.     See  Nos.  722  and  723. 

738.  Limits,  The  inner  alt.  must  be  within  the  limits  in  Table  47, 
and  the  outer  angle  should  be  as  nearly  E.  or  W.  as  possible. 

When  the  outer  bearing  is  not  near  E.  orW.,the  outer  hour- 

*  The  latitude  hy  account^  in  cases  in  which  the  ship's  change  of  place  ii  oonsidetabk^ 
refers  of  course,  to  the  place  to  which  the  alts,  are  reduced. 
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angle  may  be  sensibly  affected  by  the  error  of  the  lat  by  aoc ;  and 
if  me  inner  hoar-angle  be  not  very  small^  the  work  may  require  to 
be  repeated. 

[1.]  Bytkeam. 

739.  The  Observation.  Observe  the  snn's  altj  noting  the  tune 
and  the  bearing.  After  a  sufficient  interval  (No.  738)  observe  the 
second  altitude.     See  note  to  No.  726. 

740.  The  ComputatiorL  (1.)  Reduce  the  decL  at  both  observa- 
tions, either  by  Table  19,  No.  579,  or  by  the  Oreen.  Date,  No.  580, 
and  find  the  outer  poL  dist 

(2.)  Correct  the  interval  for  the  rate  of  the  watch  when  large. 

Correct  the  altitudes. 

When  both  observations  are  a.m.,  reduce  the  1st  alt.  to  the  2d 
place  of  observation,  Na  661.  When  both  observations  are  p.m., 
reduce  the  2d  alt  to  the  place  of  the  1st,  No  662.  When  one 
observation  is  A.M.,  and  the  other  p.m.,  reduce  the  alts,  to  the  place 
of  the  alt.  nearest  the  meridian* 

(3.)  With  the  outer  alt.,  the  lat.  by  ace.,  and  the  outer  poh  dist., 
compute  the  hour-ai^le.  No.  614. 

{4.)  Take  the  dim  between  this  hour-angle  and  the  interval :  this 
b  the  inner  hour-angle. 

f5.)  With  tliis  hour-angle  compute  the  Reduction  to  the  meridian 
and  apply  it  (No.  700  (4)  and  (5)),  to  the  alt  nearest  the  merid. 
The  decl.  which  is  to  be  applied  to  the  mer.  zeiu  dist  is  that  reduced 
to  the  time  of  the  alt  nearest  the  meridian. 


Proni  S.S.E.  to  E.  by  S.y  or  5  pts.,  and  dift.  in  interval  10'*  3  give  oorr.  of  alt.  •¥  1 1'. 


Ded.  23'  at  noon 
Long.  1®     —  o') 
5*o»  +3  I 

1st  Red.  Decl. 
Int.  4*  30"" 

id  Red  Decl. 


%d'  4'N, 
+  1 


no     7 

—  a 


zo 


Obg.  Alt.  14*'  3c/,  Oba.  Alt  54°  16' 

Tab.  38    +  ID U^       +11  J       *'3 

14  42      id  Alt.    54   39 
Corr.  for  mn       -i»ii 

lit  Alt.  14  53 

(The  Alt.  nearest  Mer.  is  here  the  id.) 


Alt.             *4*  51' 
Lat.             54  57 
P.  Dist.      69  S3 

sec.     0*14086 
ooreo.  0*01734 

74   51 

COS.     9*41719 

49   S8 

sine     9*88404 

Hour-an.    5^    o*  14* 
Interval      4  30   12 

sin.sq.  9*56946 

Inn.  H.-an.    30     a              sin.  sq.     7*632 
Lat  55^  Decl.  %o°  (jame  name)      0*174 

Red.              + 18' 
54  39 

sin.     7*906 

Mer.  Alt.    55     7 

Zen.  Dist.  34   53  N. 
Ded.           10     5  N. 

Lat.       cd    58  N. 

Ex.  1.  April  3d,  1878.  lat.  by  ace.  46"  7'  N.,  long.  14'  W.  aft  abont  8*  lo*  A.11.  obi, 
alt.  0 16^  io%  son  S.E. ;  3>^  i6">  35*  afterwards  (corrected  for  rate)  obs.  alt.  0  49°  8'  to 
Ifac  sonthward ;  oonne  W. ;  rate  6*8  knoU ;  index  ^3' :  eje  16  feet :  find  Lat.  at  2d  obs. 

From  W.  to  S.E.  is  11  pU. ;  4  pU.  and  dist  13*1  give  oorr.  of  lit  att.  <-l6'.    Th«  lift 
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red.  decl.  5**  10' N.;   the  2d.  «*>  13'  N.  j   the  1st  dt.  (corr.  for  run).  »6*»  I'j  2d  alt 
49°  16'. 

Alt.  26°  1%  lat.  46°  7',  and  P.  dist.  84^40',  give  hovr-angle  3^  49"  41*,  hence  inn. 
hoor-angle  aj""    6*  and  Red.  +  18',  Lat.  45°  49'  N. 

Ex.  3.  Dec.  30th,  1825,  lat.  by  aoc.  Z'^  S.,  long.  6°  W.,  at  abont  4*1 8"  i6«by  watch,  the 
mean  of  3  alts,  fy  49°  9' '4,  bearing  S.  44°  E.  magnetic,  oourae  W.N.W.  6  knots ;  at 
6'>  18"  52*  mean  cn2  alts.  0  73**  39',  the  watch  losing  4**5  an  hour  on  the  chron..  and  the 
chron.  gaining  6*'6  a-day  ;  height  of  eye,  16  feet;  ind.  corr.  +  i';  reduced  ded.  23°  11'  S. 

In  the  interval,  a^,  the  chron.  gained  abont  i-ioth  of  6**6  or  0^7,  and  the  watch  lost 
10* 'I  on  the  duron. ;  the  measured  interval  must  therefore  be  increased  by  9**4,  and  becomes 
xb  io»45*. 

From  W.N.W.  to  S.  44''  E.  is  156'' ;  course  24°  and  dist.  13  miles  give  D.  Lat.  1 1''9,  to 
be  tubtracttd  from  the  Ist  alt. 

Alt.  40^'  10',  lat.  8°  1',  and  pol.  dist.  66'' 49',  give  outer  hour-angle  a^*  380  i6«;  the  diff. 
of  this  and  2^  lo*"  45*,  or  27"  3 1*,  is  the  inner  hour-angle,  which,  with  alt.  73^  5a',  reduction 
1°  »•/,  and  2d  reduction  4',  give  Lat.  8°  26'  S- 

[2.]  Double  AlHiude  qfa  Star,  one  Ali,  near  the  Meridian, 

741  •  Increase  the  interval  by  lO*  for  each  hour.  Take  the  decl. 
from  the  Nautical  Almanac,  or  from  Table  63.  In  other  respects 
proceed  as  for  the  sun. 

[3.]  Double  Altitude  qfa  Planet,  one  Alt,  near  the  Meridian. 

742.  Find  the  Green.  Date  at  each  observation,  and  reduce  to  it 
the  R.A.  and  decl.  Apply  the  change  of  R.A.  to  the  interval,  as 
directed  No.  735,  and  add  to  the  interval  the  acceleration  upon  it. 
Proceed  as  for  the  sun. 

[4.]  Double  Altitude  qfthe  Moon,  one  Alt.  near  the  Meridian, 

743.  Proceed  by  No.  736  as  far  as  adding  the  acceleration. 
Reduce  the  decl.  to  each  Gr.  Date,  and  the  hor.  par.  and  semid.  to 
that  nearest  the  meridian.     Proceed  as  for  the  sun. 

744.  The  moon  may  be  advantageously  employed  for  this  pur- 
pose when  the  Greenwich  Time  can  be  nearly  ascertained,  and  in  all 
cases  when  near  her  maximum  declination,  because  her  polar  distance 
may  then  be  very  nearly  computed. 

746.  Degree  of  Dependanee,  The  error  of  the  inner  hour-angle 
*8  the  same  as  that  of  the  outer  one,  which,  when  the  body  is  near  iS. 
or  W.,  will  be  very  small,  even  when  the  lat.  by  ace.  is  considerably 
in  error. 

3.  Double  Altitude,  neither  Altitude  being  near  the  Meridian. 

746.  When  neither  altitude  is  near  the  meridian,  the  computation 
is  different  from  those  hitherto  given,  of  which  the  object  is  to  find 
the  meridian  altitude. 

We  shall  give,  ist,  an  approximate  method,  the  object  of  which  i» 
to  find  the  correction  of  the  lat.  by  ace. ;  and,  2d,  the  rigorous  method, 
the  object  of  which  is  to  find  the  latitude  itself  directly,  both  in 
Ivory's  form  (suited  to  the  case  in  which  the  decl.  is  the  same  at  both 
observations)  and  in  a  general  form. 

747.  The  principle  of  the  approximate  method  will  easily  be 
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understood.  Suppose  the  time*  to  be  computed  at  each  observation, 
tlien,  if  the  interval  between  these  computed  times  agrees  witli  that 
actually  shewn  by  a  good  watch,  the  latitude  by  iicc.  (which  is  an 
element  of  the  calculation  of  the  time)  is  obviously  correct ,  but  if, 
on  the  other  hand,  the  computed  interval  does  not  agree  with  the 
interval  by  the  watch,  the  disagreement  indicates  an  error  in  the 
latitude  by  acc.,i-  the  atnaunt  of  which  is  to  be  computed. 

748.  When  the  correction  of  the  lat.  by  ace.  exceeds  11/  or  15', 
it  may,  generally,  be  advisable  to  repeat  the  computation  ;  but  when 
it  is  less  than  4'*or  5'  it  may  be  considered  rather  as  confirming  the 
lat.  by  ace.  within  this  limit,  than  as  correcting  it  by  so  small  a 
quantity. 

See,  also,  Nos.  722  and  723,  which  apply  to  this  observation. 

749.  Limits.  An  observation  that  is  usually  a  substitute  for  a 
lietter,  which  the  state  of  the  weather  has  prevented,  or  seems  likely 
to  prevent,  from  being  obtained,  must  be  taken  when  it  offers  itself: 
but  when  there  is  a  choice  of  observations,  the  limits  are  as  follows:  — 

(1.)  When  the  observations  are  on  the  same  side  of  the  meridiun, 
the  difference  of  bearing  at  the  two  observations  should  exceed  tlie 
lesser  true  bearing. 

(2.)  When  on  different  sides  of  the  meridian,  the  supplemefit  of 
the  diff.  of  bearing  snould  exceed  the  lesser  true  bearing. 
The  diff.  of  bearing  should,  when  possible,  be  90*^. 

750.  The  simplest  case  in  computation.  This  will  of  course  be 
selected  when  the  weather  allows  a  choice  of  observations. 

In  N.  lat.  both  altitudes  are  to  be  taken  to  the  southward  of  E. 
or  W.  (or  the  prime  vertical);  in  S.  lat.  both  are  to  be  taken  to  the 
northward  of  E.  or  W. 

"M^ben  the  lat.  and  decl.  are  o{  contrary  names,  the  simple  case  is 
the  only  one  that  offers  itself,  and  therefore  applies  to  the  sun  during 
the  six  months  which  include  the  winter.  When  the  lat.  and  decl. 
are  of  the  same  name,  the  hour-angle  at  each  observation  is  to  be  less 
than  the  hour-angle  in  Table  29,  or  the  altitude  is  to  be  greater  than 
the  alt.  in  that  Table. 

[1.]  Double  Altitude  qf  the  8vn. 

751.  The  Observation.  Take  the  alt.  (see  note  to  No.  726), 
noting  the  time,  and  the  true  bearing.  After  the  proper  change  of 
bearing  take  the  other  altitude,  noting  the  time. 

Aa  waiting  for  the  proper  change  of  bearing  may  risk  the  loss  of 
the  2d  alt.  it  will  be  prudent  to  provide  an  altitude  earlier  to  serve 
in  case  of  accident. 


*  As  tbiB  hmir-Bngles  only  are  here  fx>iicemed,  the  oonrideration  of  Time,  as  found  bj 
obaerration,  wfll  present  no  diffirultv  to  a  learner. 

f  Admiral  Sir  Edward  Owen  informed  me,  tiiat  when  in  the  North  Sea  he  made  consunt 
use  of  the  method  of  finding  the  lat.  by  the  discrepancy  of  the  computed  times,  as  he  found 
it  much  more  convenient  in  practice,  in  cases  where  it  was  necessary  to  profit  by  every  oppor- 
tunity of  observation,  than  any  solution  of  the  Double  Altitude  as  a  question  of  latitude  only, 
in  Lynn's  Tables  the  same  problem  is  worked  by  trial  and  error.  In  Capt.  Owen's  journals 
the  observation,  solved  upon  the  same  principle  as  that  here  adopted,  constantly  occurs. 


240  NAUTICAL  ASTRONOMY* 

Note  at  each  observation  whether  the  sun  is  to  the  northward  or 
to  the  southward  of  E.  and  W. 

An  example  will  shew  how  to  select  the  simple  case. 

Ex.  1.     Oct.  id,  lat  25°  N.    The  lat.  ia  N.  and  dedin.  south,  and  it  is  the  ahnple  case. 

Ex.  2.  Sq>t.  ist,  lat.  40°  K.  The  ded.  is  8^  N. ;  henoe  (Table  29)  the  Itt  alt.  must  be 
taken  after  6^  39*  a.u.  (which  is  the  sappl.  to  i*^  of  the  honr-angle  $^  21"),  and  the  2d 
before  $^  21"  p.m.  (A.  T.) ;  or  each  alt.  of  the  centre  mntt  exceed  12^*5. 

752.   The  Computation.     The  approximate  method.* 

If  the  difference  of  azimuth  is  not  considerable  this  method 
should  not  be  employed.  In  low  lats.  it  will  accordingly  be  less 
serviceable  than  in  high  latitudes  The  proper  limits  for  the  solu- 
tion will  be  seen  on  inspecting  Table  71 ;  cases  outside  the  limits 
should  be  rejected,  and  those  bordering  on  them  employed  with 
caution,  especially  if  the  error  of  the  latitude  by  account  is  large. 

(1.)  Find  the  Green.  Date  at  the  first  observation.  Reduce  the 
declin.  to  each  time  of  observation.  For  the  sun,  it  is  immaterial 
whether  app.  time  or  mean  time  be  used.  In  general  at  sea  app. 
time  will  jbe  preferable,  because  when  the  observation  confirms  the 
lat.  by  ace.  the  apparent  time  at  ship  is  determined.  Find  the  polar 
distances  (No.  443). 

(2.)  If  the  rate  of  the  watch  is  large,  correct  the  interval  for 
it.  Correct  the  alts,  and  reduce  the  1st  alt.  to  the  2d  place  of 
observation,t  No.  661. 

(3.)  With  the  alt.,  lat.  by  ace,  and  pol.  dist.,  compute  the  hour- 
angle  at  each  observation.  No.  614. 

(4.)  When  the  observations  are  on  the  same  side  of  the  meridian, 
take  the  difference  of  the  hour-angles ;  when  on  opposite  sides,  their 
snm.  If  this  diff.  or  sum  agrees  with  the  interval  bv  watch  within 
10*,  or  even  20*,  provided  the  difference  of  azimuth  is  considerable, 
the  lat.  is  confirmed,  and  the  time  is  also  obtained,  nearly  enough  in 
the  open  sea.     If  they  do  not  agree,  proceed  thus : — 

(5.)  In  N.  lat.  if  the  bodv  at  both  observations  is  to  the  south- 
ward  of  E.  or  W.,  it  is  the  simple  case  (No.  760) ;  if  the  body  is  to 
the  northward  of  E.  or  W.,  mark  such  hour-angle  V. 

In  S.  lat.,  if  the  body  at  both  observations  is  to  the  nor^Award  of 

*  This  method,  besides  affording  the  time  when  the  lat.  by  aoc.  is  not  Tery  erroneona, 
employs  the  azimuths,  which  in  practice  is  a  considerable  advantage,  since  the  asimnth  is  the 
means  of  determining  the  degree  of  dependance  of  the  lat.  by  double  altitude. 

t  As  some  misunderstanding  has  prevailed  upon  the  necessity  of  correcting  the  hUenat 
qftifM  for  the  ehtmge  qf  longitude  of  the  ship,  the  foUowing  illustration,  which  was  given  in 
answer  to  the  question,  in  the  Nautical  Magazine,  1840,  is  here  inserted : — 

Suppose  at  a  place  A,  at  10  a.m.,  the  sun's  alt  is  observed  13®  18',  and  3*>  40™  afterwards 
a  2d  alt.  is  observed.    These  two  alts,  with  the  interval  Z^  40""  afford  the  latitude  of  A. 

Again,  suppose  at  a  place  B  an  observer  had  obtained  the  alt.  at  10  a.m.,  or  exactly  at 
the  same  instant  the  observer  at  A  took  his  1st  alt.,  and  $*■  40"  afterwards  he  obtains  his 
2d  alt.  W 15'.  These  two  alts,  with  the  interval  3^  40<»  afford  the  lat  of  B.  Now  suppose 
a  ship  had  left  A  at  10  a.m.,  having  obtained  the  1st  alt  13°  18',  and  at  the  end  of  3^  40" 
the  arrives  at  B,  where  she  obtains  her  2d  alt.  14°  15';  then  she  has  the  given  interval 
$^  40°  with  the  2d  alt  14°  15';  and  it  is  dear  that  by  reducing  the  Ist  alt  observed  at  A, 
or  13°  18',  to  what  it  would  have  been  if  observed  at  B  (that  is,  in  other  words,  correcting  the 
1st  alt.  for  the  mere  change  (if  place),  she  has  precisely  the  dements  for  determining  the  lat 
of  B,  which  is  required. 

Thus,  when  the  interval  is  measured  by  a  watch,  no  correction  for  longitude  appears. 
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E.  or  W.,  it  is  the  simple  case;  if  the  body  is  to  the  gauthwAvd  of  £. 
9r  W.,  mark  such  hour-angle  V. 

If  the  bearing  has  not  been  observed,  or  if  it  is  doubtful,  look  in 
Table  29 ;  then,  if  the  computed  hour-angle  exceeds  the  hour-angle 
in  the  Table,  mark  it  V ;  if  the  comp.  hour-angle  is  the  lesser^  use 
no  mark.  If  both  hour-angles  are  less  than  in  Table  29,  it  is  the 
simple  case. 

(6.)  For  the  Correction  of  the  Lat.  Compute  the  azimuths  at 
each  observation,  Ko.  676. 

(7.)  When  the  observations  are  on  the  same  side,  both  of  the 
meridian  and  prime  vertical,  enter  Table  71,  Part  I.  witli  the 
azimuths.  When  the  observations  are  on  different  sides,  either  of 
the  meridian  or  prime  vertical,  enter  Part  IL 

To  the  log.  from  Table  71  add  the  log.  sec.  of  the  lat.  by  ace, 
and  the  prop.  log.  of  the  error  of  the  interval ;  the  sum  (rejecting 
tens)  is  the  prop.  log.  of  the  correction  of  the  lat.  by  ace. 

(8.)  In  the  simple  case  (No.  750),  apply  the  correction  to  the  lat. 
by  ace.  according  to  the  following  directions: — 


Observfttioiit  on  the  aame 
side  of  the  Meridian 

Obaervations  on  difertnt 
sides  of  the  Meridian 

The  Computed  Interral 
being 

the  greater    ■      the  leaser 

The  Computed  Intenral 
being 

the  greater    1     the  lesser 

tub. 

add 

add                  tub. 

In  the  case  in  which  one  or  both  hour-angles  are  marked  V 
(No.  (5)  above),  apply  the  correction  according  to  the  directions  in 
the  next  Tabla 


Observations  on  the  aomc  side  of 
the  Meridian 


The  Computed  Interval  being 


iheffreaier 


the  Utter 


Observations  on  diff^erent  sides  of 
the  Meridian 


The  Computed  Interval  being 
the  grtater  the  lettir 


Both   observa- 
tions on  the  tame 
side  of  the 
Prime  Vertical, 
taAboth  marifed 
V. 


ThR  grtater 

Hour  /_  being 

with  the 


the  greater 

Hour  /.  being 

with  the 


greater 
Azim. 


add 


letter 
Asim. 


greater 
Azim. 


tub. 


tub. 


letter 
Azim. 


add 


tub. 


add 


Observations  on 

different   sides  of 

the 

Prime  Vertical, 

or  one  marked 

V. 


The  Hour  /.  V 
being  with  the 


The  Hour  /.  V 
being  with  the 


The  Hour  /_  V 
being  with  the 


The  Hour  L  V 
being  with  the 


greater 
Azim. 


tub. 


letter 
Azim. 


greater 
Azim. 


add 


add 


letter 
Azim. 


greater 
Azim. 


tub. 


add 


letter 
Azim. 


greater 
Azim. 


tub. 


tub. 


letter 
Azim. 


add 
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Note.  This  seound  Table,  which  contains  the  remaining  fourteen  out  of  eighteen  ciaes, 
may  appear  complicated  in  its  general  aspect.  It  is,  however,  easy  of  reference  when  the 
ease  is  proposed.     Forez. :~ 

1.  Sappose  the  observations  to  be  on  different  sides  of  the  meridian ;  of  this  point,  with 
a  long  interval,  there  can  never  be  a  doubt.     Again, 

2.  Let  them  be  on  difftreni  sides  of  the  prime  vertical,  of  which  there  can  rarely  be  any 
donbt. 

3.  Let  the  computed  interval  be  the  fprtaUr, 

Then  the  precept  add  or  wh.  depends  on  the  condition  that  the  hour-angle  marked  V  is 
with  the  greater  or  with  the  leuer  azimuth. 


Ex.  1.  (Observ.  tame  side  both  of  Mer.  and  Pr.  Vert.)  May  loth,  iSyg,  lat.  by  aoc. 
40°  12'  N.,  long.  61*^  W.,  at  about  Z^  o"*  o"  a.m.,  obs.  alt.  Q  35**  3*',  bearing  E.  by  S. ; 
at  11^  8»  3a*  A.if.,  obs.  alt.  0  66^  58';  index  —3',  eye  jo^feet:  course  during  interval 
S.E.}E.;  rate  4  knots :  required  the  Lat.  at  2d  observation. 

From  S.E.^E.  to  E.  by  S.,  or  %i  pts.  and  dist.  12*4,  oorr.  of  1st  Alt.  + 1 1'. 


Ded.  noon,  20th,    20^  i'  N. 


ih  — 


.     +2    j 


62*'W. 

1st  Red.  Ded. 
2d  Red.  Decl. 


20  3 


Alt.  Q 
Ind. 
Table  38 


;.:) 


Corr.  run 


35°  3»' 
+  8 

35  40 
+  II 


Ist  True  Alt   35   51 


Ist  Hour'angle. 


35^5'' 


Alt. 
Lat. 
P.  Dist. 


37   10 
1st  H.-angle  3**  57"  49* 


40 

69 

12 

59 

146 

2 

73 

I 

sec. 
coseo. 

COS. 

sin. 


0*11702 
0*02706 


9-46552 
9-78113 


sin.  sq.    9*39073 


Alt. 
Lat. 
P.  Dist. 


Alt.  Q 

+  12  ) 
2d  True  Alt 


2d  Hour-angle. 

40     12 


66"  58' 

+  9 

67     7 


69 


177 


?7 


88    38 


21    31 

©•»  50"43» 
3   57  49 


Ist  Azimuth. 


Ded. 
Alt. 


35   51 


Asim.  87^ 


sme 

COS. 

sec. 
sin. 


9'935« 
9-9729 

0-0912 


2d  H. -angle 
Ist     ditto 

Comput  Int.    3 
Interval  3 

Error  i   26 


cosec. 

COS. 

sin. 
sin.  sq. 


0*11702 
0-02715 

8-37750 

9*56440 
8*08607 


7 
8 


6  (the  lesser) 
32 


o^  50"  43* 
Decl.  20°  3 
Alt  67     7 


Azim.    32' 


2d  Azimuth. 

sine 

COS. 

sec. 
sin. 


9'34H 
99728 
o'4ioo 

97242 


Correction  of  the  Latitude. 

Table  71,  Part  I.,  32<»  and  87°  9*014 

Lat  sec.  (above)     0*117 
I*  26*  pro.  log.        2*099 

Corr.  of  Lat.  1 1'  Pro.  log.     1*230 

The  lat  being  N.,  and  both  observations  to  the  southward,  it  is  the  simple  case;  the 
obs.  being  on  the  same  side  of  the  merid.  and  the  computed  interval  the  tester,  11'  is  to  be 
added  to  40°  12',  which  gives  Lat.  40*^  23'  N. 

Ex.  2.  (Diferent  sides  of  Mer.)  Oct  i6th,  1878,  lat.  by  ace.  41°  22'  S.,  long.  150"  B., 
at  about  10^  45"  a.m.  obs.  alt  0  53^  2'  20',  bearing  by  compass  S.E.  by  S. ;  time  by  chron. 
6^  29"  19* ;  at  10^29*  6»  by  same  ohron.  obs.  alt  Q  41°  r  10',  ind.  corr.  —3'  20' ;  height 
of  eye  14  feet ;  diron.  gaining  12**2  daily.     Course  S.E.  by  S. ;  rate  6  knots. 

The  course  being  exactly  towards  the  sun,  the  run  in  4^  gives  24  to  be  added  to  ist  alt. 
The  poL  dists.  81^  14'  and  81°  10';  1st  alt  53^  35';  2d,  4i<>  9 . 
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Alt.             53**  35* 

Lat.             41   22            sec.         0*12465 

^  Dist.       81   14            oosec.      0-00508 

Alt 
Lat. 
P.  Dist. 

41°  9' 

41   22 
81    10 

sec. 
cosec. 

0*12465 
000518 

176   11 

163   41 

88     5            COS.         8*52414 

81    50 

COS. 

9* '5245 

34  30            sine        9'753i3 

40  41 

sine 

9*81417 

Isi  H. -angle  1^  I3"  34'     Bin.  sq.   8*40720 

3d  H. -angle 
Ist    do. 

2h  450:  33« 
>    '3   34 

sin.  sq.    9*096^5 

Interval 

3  59     7 
3    59  47 

(M€  leuer) 

0     0  40 

Ist  Azimuth. 

2d  Aadmuth. 

1*  13"  34'           rine     9*499 
DecL         8^    46'            COS.     9*995 
Alt.            53    35             sec     0*226 

a"- 
Decl. 

Alt. 

45"  a4' 
8*50' 
41     9 

sine 

COS. 

sec. 

9*820 

9995 
0-123 

Anm.    31®               nn.     9*720 

Axim 

.    6o<» 

fin. 

9938 

Correction  of 

the  Latitude. 

Tab]6  71,Piirtn.,  31 

Lai 
o" 

"  and  6o« 
L  sec.  (^bove) 
40*  pro.  log. 

9'»74 
0*125 

2*431 

3'  pro.  log.        1*730 

The  obs.  on  d^erent  rides  of  meridian  and  the  computed  interval  the  leuer ^  3'  has  to  be 
Bobtracted  from  41^  22',  which  gives  Lat.  41°  19'  S. 

Ex.  3.  (di^ereni  rides  of  the  pr.  vert.)  Feb.  19th,  1878*  lat.  by  ace.  52®  55'  S.,  long. 
1 1®  E.,  at  I*  40™  p.if.  obs.  alt.  Q  43°  53',  bearing  S.W.  by  S. ;  at  $^  39""  5'  p.m.  obs.  alt. 
011^  55'.  Course  in  int.  N.uTby  N.,  3*5  knots  an  hour ;  height  of  eye  16  feet :  required 
the  Latituob  at  2d  observation. 

1st  Alt.  (run  aUowed  for)  43°  50',  2d  Alt.  12*'  3' ;  Ist  Pol.  Dist.  78°  48'.  2d  Pol.  Dist. 
78°  5i';  Ist  Hour-angle  !*•  sS"  46»,  Ax.  35® ;  2d  Hour  angle  s"*  sS"  57*,  V.  Ax.  87' ;  corr. 
of  Int.  7'  to  be  8ubtra(Sed,  because  the  obs.  are  on  the  same  side  of  mer.,  the  computed  int. 
prettier,  oba.  on  different  sides  of  pr.  vert.,  and  the  hour- angle  V  with  greater  azimuth. 
Lat.  5**»  48'  S. 

[2.]  DotibU  Altitude  o/a  Star, 

753.  This  is  the  same  as  for  the  smij  except  that  the  interval  by 
watch  must  be  increased  by  10*  an  hour. 

[3.]   Double  AUitude  qf  a  Pkmet. 

754.  Find  the  Green.  Date  at  each  obs.,  and  reduce  thereto  the 
R^  and  decL  Apply  the  change  of  R.A*  to  the  interval,  as  directed 
No.  735^  and  add  to  the  interval  the  Acceleration  upon  it.  In  other 
respects  proceed  as  for  the  sun. 

[4.]  Double  AUitude  (f  the  Moon, 

755.  Find  the  Green.  Date  at  each  observation,  and  reduce  the 
R.A.  and  decl.  Subtract  the  change  of  R. A.  from  the  interval,  and 
add  to  the  interval  the  Acceleration  upon  it.  In  other  respects  proceed 
as  for  the  sun. 

756.  For  the  Degree  of  Dependanee,  see  No.  771. 

4.  Iwmfs  Solution,  for  the  same  Body. 

757.  Though  this  'method  applies,  strictly,  to  a  body  which  does 
not   change  its  declination,  yet  it  answers  well  enough,  in  common 
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practice,  with  tbe  sun,  by  employing  a  mean  between  the  pol.  disls. 
proper  to  each  observation.  The  same  is  true  of  the  moon  when 
near  her  greatest  declination,  N.  or  S.,  since  at  that  period  she 
changes  her  decl.  about  1'  only  in  6  hours. 

(f.)  With  the  sun,  the  moon,  or  a  planet,  find  the  Greenwich 
Date  for  the  middle  time  between  the  ooservations,  and  reduce  the 
decl.  thereto. 

Find  tbe  pol.  dist.  by  means  of  the  lat.  by  ace.,  ti.  or  S. 

Correct  the  altitudes,  and  reduce  them  to  the  2d  place  of  obeerv- 
ation. 

Find  the  polar  angle.  For  the  sun,  this  is  the  interval  in  app. 
time;  or  mean  time,  as  shewn  by  the  watch,  is  near  enough.  For 
a  star,  see  No.  734.  For  a  planet,  see  No.  735.  For  tbe  moon,  see 
No.  7^.  Take  half  the  interval,  and  find  half  the  sum  and  hali 
the  difference  of  the  altitudes. 

[fole.—Vhea  tbe  inteml  ii 
then  be  canied  to  quarter  mmuti 

(2.)  For  Arc  1.  To  the  loe.  sine  of  the  half  interval  add  the 
log.  cos.  of  the  decl. :  the  sum  is  the  log.  sine  of  arc  1. 

(3.)  For  Arc  2.  Take  the  ar.  comp.  of  the  log.  sine  found,  and 
add  to  it  the  log.  cos.  of  the  half  sum  of  the  alts.,  and  the  log.  sine 
of  their  half  di£:  tbe  sum  is  the  log.  sine  of  arc  2. 

(4.)  For  Arc  3.  To  the  log.  sme  of  the  decl.  add  the  log.  sec. 
of  arc  1  :  the  sum  is  the  log.  cos.  of  arc  3. 

When  tbe  lat.  and  decl.  are  of  contrary  names,  or  the  pol.  diet, 
exceeds  90**,  take  the  suppl.  of  this  arc. 

(5.)  For  Arc  4.  Add  together  the  log.  sec.  of  arc  I ,  the  log.  sine 
of  the  half  sam  of  the  alts.,  the  log.  cos.  of  their  half  ditf.,  and  the 
log.  sec.  of  arc  2 :  the  sum  is  the  log.  cos.  of  arc  4. 

(6.)  For  Arc  6.  This  is  the  ditf.  or  sum  of  arcs  3  and  4.*  When 
the  observations  are  on  different  sides  of  the  meridian;  if  the  pol. 
dist.  is  greater  than  the  colat.  take  the  diff. ;  if  leu,  the  sum. 

When  the  observations  are  on  the  tame  side  of  the  merid.,  when 
the  pol.  diet,  exceeds  the  colat.,  take  the  diff.  When  the  pol.  dist.  is 
equal  to  or  less  than  the  colat.,  take  out  the  log.  sine  of  the  lat.  by 
sec. ;  then  add  together  the  log.  sines  of  the  decl.  and  mean  of  the 

*  Thii  ftcp  ia  w  near  tbe  end  of  the  openHon,  that  the  computer  ma;  content  himielf 
with  tniDg  whetber  the  nun  or  diff.  givei  the  reanlt  in  lat.  nearat  to  the  lat.  bf  aoc.,  ai 
in  all  eucible  cue*  tbe  two  reaolt*  will  differ  gTeatljr. 

_  A  and  B  are  die  plaeei  of  the  bod;  at  the  two 

obierratiana  1  PA,  PB  the  polar  diataneei;  Z  A, 
Z  B  the  len.  dista. ;  A  P  B  tbe  polar  an^  or  inter- 
nl.  FDiadnwnpeni.  to  A  B,  and  dividing;  A  PB 
into  two  equal  parta  ;  Z  F  i»  perp,  to  P  D. 

TbcD,  Arc  I  ii  A  D ;  Arc  2  ia  Z  F  ;  Arc  3  if  F  D, 

alwajB  le»  than  the  pol.  dial.     Aa  FD  ia  onuUr 

greater  than  AD,  from  which  it  ia  detennined,  if 

I  a  email  error  ocean  in  AD,  FDwiUbein  error 

•tiUmore.     Arc  4  i.  D  F  ;  Arc  5  ia  PF.     PFbert 

B  ia  P  D  ~  D  F ;  but  when  the  pol.  diat.  ia  moch  lea 

than  PZ,  F  maj  <>11  beyond  D  on  PD  ^oced, 

and  then  PF-PD  +  DF.     Tie  colat.  P Z  ia  then  found  from  PFaudZF, 
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alts,  (already  employed).  If  this  last  sum  is  less  than  the  sin.  of  the 
lat,  take  the  diff, ;  if  greater^  the  sum.  One  place  in  the  logs,  is 
enoQffh,  since,  if  the  distinction  is  not  strongly  marked,  the  case 
should  be  rejected. 

(7.)  For  the  Latitude.    To  the  los •  sec.  of  arc  5  add  the  log.  sec 
of  arc  2;  the  sum  is  the  log.  cosec.  of  the  latitude. 

J\rofe.— To  save  reopening  Table  68  at  the  same  place,  logs,  taken  ont  at  the  same  open 
iBgi  or  repeated,  are  marked  with  the  same  letten. 

£x.  1.  (Obs.  same  side.)    Lat.  by  ace.  lo^  S.,  long.  7®  £. ;  trae  alts,  of  the  snn,  58°  40't 
ad  63^  0'  reduoed  to  the  same  place ;  interval,  32"*  54' :  required  the  Latitude. 


Red.  of  DecL  in  the  Form,  Ex.  1,  p.  243. 

Bed.  Ded.         14°  24'  N. 
PoU  Dist.        104  24 


Correction  of  Alts,  in  the  Form,  Ex.  1, 
p.  248,  then, 

1st  Alt  58^40' 
2d  63     o 

Snm      121    40        Half  Sum      60^56 
Diff.         4   20        HalfDiff.        2   10 


Int.         32"  54* 

Hdf        16   27    sin.  8*85605 

^   14^24'  cos.    9-98614  (g)  sin.         9*395<>*  («) 

iiti    3  59  nn.    8-84219  ifi)   sec.         0*00105  (&) 

(Snppl.)  75**  34*    COS.         9'3967i 

Arc  3  104  26 

Ar.  CO.  1*15781  sec.  Arc  1  (rep.)  0*00105  (JfS 

Half  Sum  60^50'   oos.         9*68784(0)  ...     sin.                     9*94112(0) 

Half  Di£     a   10    sin.          8*57757  {d)  ...    cos.                     9'999^9  (a) 

Are  2         15  22    Buu         9-42322  (e)  sec.  Arc  2  0*01581  («) 

Arc  4      24  53         COS.  9-95767 

Arc  5      79   33         sec.  0*74142 

Criterion  for  Sum  or  D^.  of  Arcs  3  and  4.  Arc  2,  sec.  (rep.)  0-01581  (e) 

Pol.  Dist.  eiTeedli  oolat.-i2i^.  Lat.  10^4'        cosec.  0*757^3 

Ex.  2.  (tame  side  mer.)    Lat  bj  ace.  43°  10'  N. ;  alts,  of  Capella,  rednced  to  the  same 
phee,  22°  58'  and  56^  14' ;  interval  by  chronometer,  3*^  34™  17* :  required  the  Lat. 

IntervBl  red.  3**  34"*  53* ;  decl.  45°  50' N. ;  arc  3,  40°  55'.    Criterion,  sin.  lat.  9*8 ;  sum 
of  noes  of  decL  and  mean  alt.  9-6 ;  take  the  d^,  of  arcs  3  and  4.     Lat.  43°  29'  N. 

Ex.  3.  (obs.  d^ertni  sides.)    Lat.  bj  ace.  10°  N. ;  alts,  of  Castor,  63°  16'  and  46°  12' ; 
interval  bj  a  watch,  2^  55»  25*;  ded.  32°  14' N. :  required  the  Lat. 

Are  1,  24*  33 J' ;  Aro  2,  II*  54';  Arc  3,  54**  5^ ;  Arc  5,  78°  58^.    Li^T.  lo**  47}'  N. 

758.  (1.)  When  the  alts,  are  equal,  this  method  is  peculiarly 
oonvenient. 

Compute  arcs  1  and  3,  as  above.     Arc  2  is  0.  . 

For  Arc  4.  Add  together  the  log.  sine  of  the  alt.  and  the  log. 
8ec.  of  arc  1  :  the  sum  is  the  log.  cos.  of  arc  4. 

When  the  pol.  dist.  exceeds  the*colat.,  the  diff.  of  arcs  3  and  4  is 
tbe  eclat. ;  othenvise  their  sum. 

Bx.    Eqoal  alta.  46®  51' ;  pol.  dist  66°  33' ;  interval^  4"»  37"  50».    Lat.  by  ace.  60**. 
^  1»  3»**  3pI'  ;  Arc  3,  62''  io4' ;  Aro  4,  31**  9^.    Lat.  58°  59'. 

(2.)  When  the  declin.  is  0,  the  half  int.  is  arc  1,  and  arc  3  is  90**. 

^  Lat.  by  ace.  60°  N.,  decl.  o,  int.  2"*  ©■  o» ;  true  aks.  28°  53'  and  20*»  42'.    Arc  1 
» »5 V ;  Arc  2,  140  29f  ;  Arc  5,  260  34'.    Lat.  59°  59J'  N. 

iVo|e.^If  the  time  also  is  required  from  the  obsenration,  with  the  enter  alt.,  latriTound, 

ill   **•  ^"^'  *°  *'™®  ^^  °^^  ^^^*  ^^  ****  hour-angle,  No.  614.  and  see  No.  780  (4), 
P*  cDl.   The  sum  of  log.  sec.  lat.  and  log.  sin.  arc  2  is  log.  sin.  mid.  time  between  the  obs. 
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IV    By  Dodble  Altitude  of  Different  Bodies. 

769.  The  forms  of  solution  desoribed  in  Nos.  737  and  747  for  the 
cases  of  two  altitudes  of  tlie  same  celestial  body  apply  to  the  altitudes 
of  different  bodies,  the  difference  of  their  right  ascensions  supplying 
in  part,  or  entirely,  the  place  of  the  measured  interval. 

Since  the  value  of  this  observation,  like  the  former,  depends  upon 
the  difference  of  azimuth,  the  two  bodies  may  often  be  so  selected  as 
to  afford  the  best  possible  result  under  the  circumstances,  while  in 
the  case  of  a  single  body  the  necessary  conditions  are  not,  generally, 
matter  of  choice.  Hence  this  method  may  be  practised  with  equal 
convenience  in  all  latitudes. 

This  observation  is  particularly  convenient  in  the  case  of  two 
stars,  because,  as  the  right  ascensions  of  the  stars  change  very  slowly, 
no  reference  to  the  absolute  time  is  necessary. 

760.  When  the  two  observations  can  be  obtained  at  nearly  the 
same  time,  this  method  has  the  advantage  of  being  independent  of 
the  rate  of  the  watch,  and  also  of  the  errors  of  the  ship's  run ;  but 
when  an  interval  elapses  between  the  observations,  allowance  must 
be  made  both  for  the  rate  and  the  run. 

1.  One  of  the  Altitudes  (of  Two  Bodies)  being  near  tlie  Meridian. 

761.  Limits,  These  are  the  same  as  those  given  in  No.  745. 
It  must  be  remarked,  that  the  rules  for  the  limits  apply  to  the  bear-  • 
ings  at  the  time  the  bodies  are  actually  observed,  wnether  there  be 
an  interval  or  not.  For  ex.,  if  the  sun  be  observed  S.S.E.,  and  the 
moon  E.  by  S.,  the  case  is  a  good  one;  but  if  the  observation  of  the 
moon  were  delayed  till  she  bore  S.E.,  the  case  would  not  be  good. 

762.  The  Observation,  Take  the  alt.  of  the  outer  body,  which 
should  be  observed  as  nearly  E.  or  W.  as  possible.  Then  observe 
the  alt.  of  the  inner  one ;  lastly,  that  of  the  outer  one  again,  noting 
the  times  of  each  alt. 

763.  The  Computation,  (I.)  For  the  sun,  moon,  or  a  planet. 
Find  the  Green.  Date,  and  reduoe  thereto  the  R.A.  and  declination ; 
and  for  the  moon,  her  hor.  par.  and  semid. 

For  a  star.  Take  the  R.A.  and  decl.  from  the  Nautical  Almanac, 
or  from  Table  63. 

Call  the  diff.  of  R.A.,  or  its  suppl.,  the  polar  angle. 

(2.)  Reduce  the  alts,  to  the  same  instant,  and  correct  them. 

(3.)  With  the  outer  alt.  and  pol.  dist.  find  the  outer  hour-angle, 
and  proceed  as  in  No.  740  (4),  to  the  end. 

Bx.  1.  March  6th,  1878,  at  about  S**  55*  r.M.  M.T.;  lat  ace.  40^  15'  S.,  long.  38^  51' 
W.,  obs.  alt.  Satura  ii^  50';  also  (reduced  to  the  same  instant)  obs.  alt.  Aldebaran  unir 
meridian  33*  17';  ind.  corr.  +  1',  hvight  of  ey%  18  feet:  required  the  Latitude. 
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The  Gt.  Date  b  6<  8^  30*. 
ftituni'k  Red.  R.A.  13^  34"*  H' 

Aldebarmn's  R.  A.  -f  14"  a8    a8    56 

PoUr  angle  4   54    3s 

The  true  Alt.  of  Sat.  1 1^  41', 
lat.  40^  15',  poL  dist 
85^  6'  giTe  Saturn's  boar- 
angle  5    'S    '9 

Aldebaran's  hour-angle  20  47 

Satorn's  DecL  4®  54' S.  poL  dist      85**    d' 
Aldebaran's  decL  z6°  16'  N. 


Aldebaran's  obs.  alt  33^  17',  true  alt  33^  1 1 

Lat  40^,  DecL  16®  {eontrary^ 
name$)  j 

xo"  47*  sin.  aq. 

0^13*      sin. 
33    i»  • 


0*250 

7313 
7-563 


Mer.  Alt 

Zen.  Dist 
DecL 
Lat. 


33  *5 

56  35  a 

16  i6N. 

40  19  SL 


Ex.  2,  Feb.  ad,  1878,  lat  by  ace.  $4?  53'  N.  ;  obs.  alt  Regulua  15^  5^,  and  the  alt  of 
Aldebaian  (redueed  to  the  same  instant)  51^  17';  ind.  oorr.  —3';  height  of  eye  20  feet: 
required  the  Latitude. 

R. A.  Regulus,  10^  1"  55",  decL  la**  34'  N. ;  R.A.  Aldebaran,  4I'  28"  57*,  decL  16^  16'  N. 
R^alus*  true  alt  15^  43':  Aldebaran's  ditto,  51^  19';  hour-angle  of  Regulus,  5^  31"  54*; 
bouT'^ngle  of  Aldebaran,  1 1*  4' ;  Red.  +  4'.  Lat.  55^  3'  N. 

764.  When  the  change  of  alt  of  one  of  the  bodies  is  not  given  by 
the  observation,  its  altitude  cannot  be  redaced  to  the  same  instant 
as  the  other  bj  No.  660;  to  compute  it  (No.  671),  the  azimuth  is 
required,  which,  if  not  observed  with  some  precision,  must  be  com- 
puted.    But  this  reference  to  the  altitude  may  be  avoided,  thus:  — 

Add  the  interval  of  time,  increased  by  !•  for  every  6",  to  the  R.A. 
of  the  body  first  observed,  and  subtract  the  R.A.  of  the  body  last 
observed;   the  rem.  is  the  polar  angle. 

If  the  sum  exceed  24^  reject  24\ 

24th,  1878,  lat.  bj  aec  40°  N.,  long.  149^  5a'W.  ;  time  by  chron. 
of  a  Andromedn  41^  53',  and  2*"  15*  afterwards  obs.  alt  of  Jupiter 


Ex.  1st  June 
H*  o*  i"t  obs.  alt 
30°  29'  to  the  southward;  height  of  eye  16  feet 


Bed.  R.A.  of  Jupiter  20''  33"  17%  Red.  decL  19^  22  S.,  trut  alt  41^  48'. 


R.A.  of  a  Andromed« 

Jupiter^  R.A. 
Polar  Angle 


o* 

2" 

8- 

2 

«5 

0 

4 

»3 

20 

33 

«7 

3   31     6 


The  hour-angle  of  a  Andromeda  com* 
pnted  from  alt  41^  48',  lat  40^  and  poL 
dist  61°  35',  is  3'*  50"  33*. 

The  difference  between  the  polar  angle 
and  the  hour-angle  of  a  Andromeda  leavvs 
Jupiter's  hour-angle  19"  27%  which  gives 
Reid.  •»-  10',  mer.  alt  30®  33',  arid  Lat. 
4^**  5'  N. 

El.  2.  Jan.  3d,  1878,  lat.  by  aec.  54®  50'  N.,  oba.  alt  Regulus  17**  21',  and  3"  40^ 
aftenrardi  oba.  alt  Rigel  26^  46'  S. ;  ind.  corr.  —5';  height  of  eye  16  feet:  required  the 
Latitude. 

R.A.  Regulus,  io»»  I-  54",  decL  12«>  34'  N. ;  R  A.  Rigel  s"  8-  42%  decL  8®  21'  S. ; 
polar  angle  4^  56"  52* ;  true  alt  Regulus,  17®  9';  hour-angle  Regulus  s^  ii"  57";  hour- 
•agle  Rigel  15*  5';  ^^  *<>  this  +  ?.  Lat  54®  59'   N. 

765.  When  the  body  nearest  the  meridian  is  observed  below  the 
pole,  add  the  hour-angle  of  the  other  to  the  polar  angle :  the  suppl. 
to  12"  of  this  sum  is  the  inner  hour-angle^  to  which  compute  the 
Redaction. 

^''  March  sift,  1831,  oif  Cape  Horn,  lat.  by  ace.  56^  50'  8.,  long.  65®  W.,  at  night, 
obi-  bue  alt.  •  PaTonta  24^  38^,  not  long  past  the  mer.  below  the  pole ;  and  after  3"*  i  )* 
obt-a!t,y  Cmcii  64^  4/ ;  both  stars  rising,  and  both  to  the  S.  of  B. 
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*  Pavo  R.A. 

ao*  ia»i7* 

Int. 

+  3  as 

y  Cmx  RA. 

ao   15  40 
— la  ai   50 

Polar  Angle 

7  53  50 

The  hov-niq^e  of  f  Cnz,  oompoAad 
from  alt.  64'' 4/,  lat.  56^  50',  and  poLdiat. 

33° i?'*  U  3"  6-  i8*. 

Thia  hoar-angle,  added  to  the  polar 
angle,  gtvea  hoar-angle  of  •  Pavo  1 1^  o"  8", 
or  59"  52*  below  tl^  pole.  Hie  Red.  to 
thia  ia  x9^,  and  the  mer.  alt  24^0'  glTes 
Lat.  56*44'  S.  (DecL  of  •  PaTo,  57°!?  S.) 


2.  Nnther  of  the  Altitudes  {of  Two  Bodies)  being  near  the  Meridian. 

766.  Lijpits.    These  are  the  same  as  for  No.  749. 

767.  The  Observation.  Take  an  alt.  of  the  outer  body,  then  of 
the  inner  one,  and,  lastly,  of  the  outer  one,  noting^  the  times.  At 
each  observation  note  whether  the  body  is  to  the  northward  or 
southward  of  E.  or  W.  (true). 

768.  The  Computation,    The  approximate  method. 

(1.)  Take  out  the  right  ascens.  of  the  bodies  from  the  Nautical 
Almanac,  reducing  them,  if  necessary,  to  the  Green.  Date.  Take 
the  difF.  of  ILA.,  or  its  suppl.  to  12\  for  the  polar  angle. 

If  the  2d  alt.  of  the  first  body  be  lost,  proceed  by  No.  763.  The 
result  is  the  polar  anele. 

(2.)  Correct  the  altitudes. 

(3.)  Compute  the  hour-angle  of  each  body. 

When  the  bodies  are  on  tne  same  side  of  the  meridian,  take  the 
diff.  of  the  hour-angles ;  when  on  opposite  sides,  their  surn^  for  the 
computed  polar  angle. 

If  this  sum,  or  difil,  agree  tolerably  well  with  the  polar  angle, 
the  lat.  by  ace.  is  near  enough ;  if  not,  proceed  as  in  No.  762  (6), 
to  find  the  corr.  of  lat. 

Ex.  1.  Feb.  25th,  1830.  H.M.S.  Eden,  lat  by  aoc.  11^45' S.,  bng.  19°  W.,  took 
alta.  of  Canopus  and  Siriaa  as  following,  both  stars  to  the  E.  of  the  mer.,  and  both  to  the 
southward  of  the  E.  point 


Cmopm. 
5  45   25        47     7-» 


SIrius. 

5»»48-o-       7i**4/-4 
5    50  o        7a    14*6 


5* 

i 


47*  27'-4 


Means  5  44   iS       47     a  *8        5  49  o        72     i  'o        $   52  32 


CanopiH. 
5i»  4. 

54     o        47   33 '4 
47   30*4 


Sirias  R.A.    6^  37" 40* 
Canopns         6  20   11 

Polar  Angle        17   29 


Ded.  16®  ao'7  S. 
52   3*'5S. 


PoL  Dist  73®  3o('*3 
37  »3'S 


Reducing  the  alt  of  Canopoa  to  the  time  5^49"  gives  alt  reqoired,  47^  i8'*4.    The  tme 
alt.  of  Canopus,  47°  i3'*6,  and  of  Sirius,  71°  56'*7. 


Hour-angle  of  Canopus 


ihji 


57- 


Hour-angle    i^  a"  57* 
Pol.  Dist        37°  »3' 
Alt  47   14 


am.  9-433 
sin.  9*783 
sec.  0*168 


Axim.   14''        sin.  9*384 


Hour-angle  of  Sirius  1^  1 1""  52* 

Ditto      Canopus  i     2  57 

Diff.  or  comput  Pol.  Angle        8   55 
Pol.  Angle  17  29 

Error  8  34 


Hour-angle  i^ii">C2*       sin.  9*489 
Pol.  Dist      73^3Gr  dn.  9*982 

Alt  71   5-  sec.  0-509 


Azim.  73** 


sin.  9*980 
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lVJ)le  71»  Part  I.,  h^  and  73°  p's^s 

Lat.  sec.  0*009 

*  8"  34-*    pr«  log-  i*3»* 

Corr.  of  lat.  34'    pr.  log.  0*723 

Tbe  obs.  are  on  the  Mome  ride  of  the  merid.  and  of  the  pr.  yert.  1  both  hour-angles  Are 
to  be  mailed  Y ;  the  oompat.  int.  the  Imter;  the  greater  hour-angle  is  with  the  greatei 
aamuth ;  34'  is  to  be  tubtraeted  from  1 1°  4.5'!  which  gires  the  Lat.  11°  11'  S. 

Ex.  2.  CThe  Ex.  No.  765.)  The  compnted  hour-angle  of  •  Pavo  b  ixi>  5"  c^ ;  the  diff. 
of  whidi,  uid  3*>  6*  i8*,  is  7^  $%^  4.2*,  the  computed  polar  angle,  which  ti  griottr  than 
7*  53"  5°^-    The  error  is  4"  5a*. 

The  asm.  of  •  PaTO  is  8°,  that  of  y  Crux  71}° ;  the  corr.  of  lat  by  Table  71»  Put  I.,  is 
6',  which,  rinoe  in  this  case  the  grtater  honr-an^e  x  i^  5"  o^  is  with  the  /stier  azimuthi  is  to 
be  tmiirmeUd  from  s^^  $</,  and  gires  Lat.  56°  44'  S.,  as  by  the  other  solution. 

Ex.  3.  Dee.  ist,  1878,  lat.  by  aoe.  41**  a8'  N. ;  obs.  alt  of  Markab,  59^  1',  and  that  of 
Altair,  reduced  to  tlie  same  instant,  13°  38' ;  both  bodies  to  the  S.  and  £. ;  ind.  oorr.  -*a'  | 
height  of  eye  16  feet :  required  the  Latitude. 

R.A.  Marfcab,  a»*  58»  45»  ded.  14**  33'  N. ;  RA.  Altair,  I9»'  44"  52%  ded.  8*»  33'N. ; 
true  alt  of  Markab,  58°  55';  that  of  Altair,  23^  30' ;  polar  angle,  3^  13"*  52*;  Marhab's 
hour-angle,  i^  ii"'44';  Altair's  hour-angle,  4"  24"  26*.  Then  4^  24"  .6*^  1^  ii">44* 
M  3^  i2">  4z*.  Asimuth  of  Markab»  35^;  azimuth  of  Altair,  8o^  Corr.  of  lat  ii'  to  be 
added  to  41®  aS'.  Latitudx,  41  <*  39'  N. 

Ex.  4.  May  ist,  1878,  lat  by  aoc.  29®  48'  S ;  obs.  alt.  of  Altair,  26^  24',  and  the  obs. 
alt  of  Arcturus,  reduced  to  the  same  instant,  32°  23';  the  bodies  on  different  rides  of  the 
meridian,  and  to  the  north ;  ind.  corr.  +  2' ;  height  of  eye  14  feet :  required  the  Latitude. 

ILA.  of  Altair,  19^  44"  52*,  decl.  8**  33'  N.;  R.A.  of  Arcturus,  i4»'  10"  9* ;  ded.  19®  49'N.i 
polar  anxle,  5^  34"  42*;  true  alt  of  Altidr,  26^  20^ ;  do.  of  Arcturus,  32*20' ;  hour-angle  of 
Altatr73^3i*  43^  Arcturus'  hour-angle,  »^  2"  3*;  error,  o"  56*;  azimuthfl,  62°  and  34^; 
CQCT.  of  lat  6'  to  mib.  from  29^  48^.  Latitudb,  29°  42'  S. 

769,  The  error  of  the  correction  of  lat.  is  directly  proportional  to 
the  error  of  the  interval :  hence,  when  the  moon  is  employed,  her 
R.A.  should  be  computed  for  the  actual  time  at  Greenwich,  as  given 
by  the  chronometer,  or  found  from  observation  of  a  lunar  distance 
rather  than  by  means  of  the  erroneous  long,  by  account. 

Ex.  April  7th,  183 1,  lat  by  aoc  34**  40' S.,  long.  42^  W. ;  true  alt  >  38**  27'  to  the 
V.W.  At  the  same  time,  true  alt  0  47^  44'  to  the  N£-d ;  Gr.  M.T.  by  lunar  obsenration, 
2^  14^  13*:  required  the  Latitude. 

0  R«A.  i^  2"  41*,  poL  dist  96°  4a' ;  )  R.A.  20^  52"  28*,  pol.  dist.  74^  10' ;  0's  hour- 
aBg|teo^36*45*E.;  )  ditto,  3^  35"  27*  W. ;  0's  as.  h*";  >  ditto,  81*";  suppl.  of  diff.  of 
E.A.  4^  10*  13*.  The  error  of  the  computed  polar  angle  is  1"*  59",  oorr.  of  lat.  -f  6',  and 
Lat.  3^'' 46*8. 

This  Ex.  may  be  worked  by  No.  763  (3),  thus :  the  >  's  hour-angle,  3^  35"  27%  sub- 
tracted from  4^  io«  13%  gives  Uie  0's  hour-angle  34">  46*.  The  Reduction  to  this  is  49', 
and  Lat.  34*^45^8. 

3.  The  General  Solution^  for  the  same^  or  different  Bodies.* 

770.  (1.)  Find  the  polar  angle.  This,  for  the  sun,  is  properly 
an  interval  of  A.T. ;  but  mean  time  is  near  enough.  For  a  star, 
lee  No.  753.     For  the  moon  or  a  planet,  see  Nos.  754,  755. 

*  Though  this  method  is  general,  yet  it  is  not  well  adapted  to  cases  of  short  interrals 
(No.  727);  because,  in  suda  cases,  a  small  arithmetical  inaccuracy  in  the  process  nuiy 
iroduoe  a  considerable  eitor  in  the  resnitlDg  latitude,  as  the  reader  may  eanly  eon^inoa 
umaelf  by  woildng  examples.  This  is  the  chief  ground  on  which  an  approximate  and 
fadirect  method  is  often  superior,  in  practice,  to  the  rigorous  method. 

In  the  figure  in  the  note,  p.  250,  omitting  the  lines  P  D,  Z  D,  and  Z  F,  arc  A  is  A  B  ; 
A  snd  B  are  the  places  of  the  same  body  at  different  times,  or  of  different  bodies ;  angle  B 
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For  different  bodies,  it  is  the  diff.  of  their  R.A. 

Find  the  polar  distances  at  each  observation ;  in  assigning  these, 
one  pole  must  necessarily  be  assumed  as  the  elevated  pole,  whether 
the  lat.  be  approximately  known  or  not.  Correct  the  altitudes,  and 
reduce  them  to  the  second  place  of  observation,  and  find  the  zenith 
distances. 

(2.)  For  the  Arc  A.  Take  the  suppl.  of  the  polar  angle ;  and 
add  the  poL  dists.  together.  Add  together  the  log.  sine  square  of 
the  suppl.  and  the  log.  sines  of  the  pol.  dists. ;  the  sum  (rejecting 
tens)  is  the  log.  sine  square  of  an  arc  x* 

Put  X  under  the  sum  of  the  pol.  dists. ;  take  the  sum  and  diff., 
and  half  the  sum  and  half  the  diff.  Add  together  the  log.  sines  of 
the  last  two  terms :  the  sum  (rejecting  tens)  is  the  log.  sine  square 
of  an  arc  A. 

(3.)  For  the  angle  B.  Add  together  the  arc  A  and  the  two 
polar  dists. ;  take  half  the  sum,  and  from  it  subtract  the  arc  A  and 
the  outer  pol.  dist.,  noting  the  two  remainders.  If  the  half  sum  is 
the  lesser,  subtract  it  from  the  other  quantity. 

Add  together  the  log.  cosec.  of  A,  the  log.  cosec.  of  the  outer  pol. 
dist.,  and  the  log.  sines  of  the  remainders :  the  sum  (rejecting  tens) 
is  the  log.  sine  square  of  the  angle  B. 

(4.)  For  the  angle  C.  Add  together  the  arc  A  and  the  two 
zenith  dists.,  and  from  half  the  sum  subtract  A  and  the  outer  zen. 
dist. ;  note  the  two  remainders.  If  the  half  sum  is  the  lesser,  sub« 
tract  it  from  the  other  quantity. 

Add  together  the  log.  cosec.  of  A,  the  log.  cosec.  of  the  outer  zen. 
dist.,  and  the  log.  sines  of  the  two  remainders :  the  sum  (rejecting 
tens)  is  the  log.  sine  square  of  the  angle  C. 

(5.)  For  the  an^le  I).  This  is  the  sum,  or  diff.,  of  B  and  C, 
according  to  the  following  directions : — 

In  the  case  of  the  same  body . 


Obaeirations  on  the  $ame  side  of  the 
Meridian 


Obaervalions  on  different  sides  of  the 
Meridian 


Pol.  Dist. 

(greater  than 

Colat. 


dif. 


Pol.  Dist.  leee  than  Colat. 


greaUr  Alt 

with  leeeer 

Azim. 


mm 


greater  Alt. 

with  greater 

Azim. 


dW' 


Pol.  Dist 

greater  than 

Colat. 


ditr. 


Pol.  Diit.  leu  than  Colat 


Interval 
<e<t  than 


turn 


Interval 

greater  than 

11^ 


Note. — ^The  difference  of  bearing  in  the  interval  must  be  lete  than  i8o°. 


IsPBA;  angle  C  is  ZBA;  angle  D  is  PBZ,  which  is  PBA-ZBA.  When  PZ  la 
larger  and  PA  smaUer,  PBZ  may  be  PB  A  + ZBA.  Then  the  two  sides  PB,  BZ,  with 
the  indnded  angle  PBZ,  give  P Z. 

In  the  case  of  two  stars,  A  and  B  are  very  nearly  constant,  and  have  accordingly  been 
computed  for  certain  pairs  of  stars,  and  inserted  in  tables,  by  which  the  computation  is 
matt^ilally  shortened.— 7a^/«»  for  facilitating  the  Computation  qf  Double  AititHdm^  by 
Ldkrr.  Shadwkll,  R.N.     1836. 
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v6.)  For  the  Latitude.  Take  the  supplement  of  D  to  180^  Take 
the  sani  of  the  outer  polar  and  zenith  distances. 

Add  together  tlie  log.  sine  souare  of  the  suppl.  of  D  and  the  log. 
sines  of  the  outer  pol.  and  zen.  dlsts. :  the  sum  (rejecting  tens)  is  the 
log.  sine  square  of  an  auxiliary  arc  y. 

Put  this  arc  under  the  sum  of  the  zen.  and  poL  diats. ;  take  the 
sum  and  diff.,  and  half  sum  and  half  diiF. 

Add  together  the  log.  sines  of  the  last  two  terms :  the  sum  (re- 
jecting tens)  is  the  log.  sine  square  of  the  colatitude,  reckoned  from 
the  same  pole  as  the  pol.  dists. 

b.  I.    Inteinl,  32"  54* ;  the  Ist  and  ouUr  alt.»  oorrected  and  reduced  to  the  2d  place, 
b5S^39'4A^;  the  2d  alt.  62^  59' 36"';  oaterpoLdirt.  104*' 24' 30^" ;  the  other,  lo^^'^j^' 1%". 


Interval 
SappL 

Fbl.Di8t. 
Pol.  Dist. 

Sum 
Audy.  arc  jr 

Sun 
Diir. 

HalfSnm 
HalfDiff. 


For  the  Arc  A. 


o*»  32"' 

54" 

II  27 

6 

104^24' 

104  24 

30" 
12 

soS  48 
150  3 

42 
4» 

358  5* 
58  45 

0 

179    26     12 
29    22    30 

Arc  A  7''5/5a 


sin.  sq.  9*997761 

lin.  9*986121 

•in.  9*986130 

sin.  sq.  9*970012 


tin.        7*992640 
im.        9*690660 

fin.  iq.  7*683300 


For  the  Angle  B. 

Are  A  f  5/  5»" 

Oii/a^p.d.104  24  30 
Inner  p.d.  104  24  12 

216  46   34 


108  23   17 
100  25  25 

3   58  47 
Angle  B    9o''59'2o" 


ifaL 
sin. 


0*858367 
0*013879 


9'99»773 
8*841384 


diLsq.  9*706403 


Arc  A 
Inner  z.  d. 


For  the  Angle  C. 

7^57' S*'' 


31  20  18 

27     o  24 

66   18  34 

33     9  «7 

25   II  25 

1  48  59 
Angle  C    5i<'i6'3i' 


©"•583^ 
0*283921 


iin.       9*629028 
sin.       8*501014 

siiusq.  9*272330 


The  observatioiis  are  on  the  mme  side  of  the  meridian,  and  the  pol.  dist  grtaUr  than  the 
il. :  bcnce  D  is  the  Ajf.  of  B  and  C,  and  is  therefore  39*^  42'  49  .* 


For  the  Latitude. 


ArcD 

8up|n. 

OmIst  PbL  IMst. 
OmIst  Zen.  Dist. 

Asilj.  Aicy 


IdkTlTUDX 


39*= 

4»' 

49" 

140 

17 

II 

104 
3« 

*4 
20 

30 
18 

«35 

«3 

44 
45 

4« 
20 

219 
51 

30 
59 

8 
28 

109 
»5 

45 
59 

79* 

4 
44 

►55'*4* 

sm.  sq.  9*946759 

shi.        9*986121 
sin.        9*716079 

shi.  sq.  9*648959 


sm.    9*973668 
shi.    9*641773 

sin.  sq.  9*615441 

10  4  36  8. 


*  A  general  mle  for  sstigning  the  snm  or  the  diff.  of  B  and  C,  in  the  case  of  <H^«renl 
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This  prooeas  is  less  troableaome  tlian  it  appears.  The  Irt  and  4th  steps  are  of  the  same 
fbrm.  as  are,  also,  the  2d  and  3d.* 

Bz.  2.  Lat.  by  ace.  ii^  S. ;  true  alt  of  Sirios,  71^  56'  42'',  pol.  dist  73**  30'  18^ ;  true 
alt  of  Canopns,  47°  13'  36",  pol.  dist  37^  23'  30"' ;  diff.  of  R.A.  17"  29*.  Both  stan  to  the 
eastward,  and  Sirins  the  outer  one  or  easternmost 

The  arc  JT  is  99°  22'  15" ;  A  is  36°  16' 4.5" ;  angle  B,  4**  30'  10* ;  anele  C,  100**  10'  33" ; 
the  angle  D,  the  mm  of  B  and  C,  is  104**  40^43".  The  arc  jr  is  38^  54  3S"i  >nd  the  Lat. 
ii°i3'^2/'S. 

771.  Degree  of  Dependcmce.  The  lat.  by  double  altitude  is 
affected  by  the  errors  of  altitudes,  pol.  dists.,  and  interval,  or  polar 
angle.  The  effect  is  the  same,  wnether  by  the  approximate  or 
rigorous  process. 

(1.)  To  find  the  error  of  lat..  caused  by  1'  error  in  one  of  the  alts. 
To  the  lojg.  3*431  add  the  log.  sine  of  the  azimuth  at  that  alt.  and 
the  lo^.  irom  Table  71  :  the  sum  (rejecting  tens)  is  the  prop.  log.  of 
the  error  required,  nearly. 

Ex.    Snppose  in  Ex.  1,  No.  768,  the  alt.  of  Candpns  is  3'  in  error. 


3*43 
Canopus  as.  14°  sin.    9*38 

14''  and  72^  Tah.  71  9*39 

i'  8"  2-20 


The  EBBom  of  Lat.  is  there- 
fore about  3'24''. 


(2.)  The  error  of  poL  dist.  will  be  worth  notice  only  in  the  case 
of  the  moon,  in  consequence  of  her  rapid  change  of  declination,  and 
the  uncertainty  of  the  Green.  Date. 

Find  the  error  of  each  hour-angle  in  which  the  moon's  pol.  dist. 
IS  involved  by  No.  615  (3).  This  gives  the  error  of  the  computed 
interval ;  and[  the  error  of  the  correction  of  lat.  is  the  same  part  of 
the  corr.  itself,  that  the  error  of  the  computed  interval  is  of  that 
interval. 

(3.)  The  error  of  the  rate  of  the  watch  will  rarely  be  sensible. 

bodiet,  would  require  the  hour-angles  to  he  known ;  but  the  observer  who  is  well  apquainted 
with  the  positions  of  the  circles,  as  shewn  in  the  figures,  p,  144,  will  peiceiTe  at  the  time  of 
obserration  how  the  angle  D  is  composed. 

*  When  the  lat.  is  found,  the  hour-angle  and  azimuth  may  be  computed  thus  : — 
For  the  hour-angle.  To  the  log.  sine  of  D  add  the  log.  sine  of  the  outer  sen.  dist.  (ahready 
taken  out)  and  the  log.  sec.  of  the  lat. :  the  sum  is  the  log.  sine  of  the  hour-angle  corre- 
sponding, or  of  its  suppl.  Circumstances  will  usually  decide ;  but,  in  a  doubtful  case,  take 
the  sam  of  the  log.  sines  of  the  decL  and  lat.:  if  this  is  less  than  the  log.  oos.  of  the  sen.  dist., 
the  hour-angle  is  found ;  if  greater,  take  the  supplement. 

For  the  azimuth.  To  the  log.  sine  of  D  add  the  log.  sme  of  the  outer  pol.  dist.  (already 
taken  out)  and  tbe  log.  sec.  of  the  lat. :  the  sum  is  the  log.  sine  ot  the  azim.  or  its  snppl. 
If  this  is  doubtful,  when  the  sum  of  the  log.  sine  of  tbe  li^  and  oos.  of  the  sen.  dist.  is  less 
than  the  log.  sine  of  the  decl.,  the  azim.  is  found ;  if  greater,  take  the  suppl.  Reckon  tiie 
azimuth  from  the  N.  in  N.  lat.,  and  S.  in  S  lal. 
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V.    By  the  Altitude  op  the  Pole  Star. 


772.  T%e  Obseroaiion,  Observe  the  alt  of  the  pole  star,  noting 
the  time.     On  shore,  note  also  the  thermometer  and  barometer. 

773.  The  Comjmtaiian.  At  Sea.  (1.)  The  error  of  the  Watch 
on  A.T.  being  known,  take  the  R.A.  of  the  sun  from  the  Nautical 
Almanac,  or  Table  61,  and  add  the  A.T.  of  observation  to  it :  the 
result  is  the  R.A.  of  the  meridian. 

(2.)  Correct  the  alt.  for  index-error,  dip,  and  refraction. 

(3.)  Enter  Table  61  with  the  R.A.  or  the  mer.  and  the  alt.;  take 
out  the  correction,  and  apply  it  as  there  directed :  the  result  is  the 
latitude,  north* 


II' 


Ex.  1.  July  sfh,  1S78,  at  11^  a">  p.m. 
•pp.  time,  obe.  alt.  of  the  pole  star,  5 1°  10'  | 
ind.  Gorr.  -i-a';  height  of  eye  16  feets  r»- 
quired  the  Latitude. 

App.  Time 
R.A.  0 

R.A.  Mer. 

4c  Obe.Alt. 
Ind.  Corr.    +aM 
Table  38       -  5  J 


Ex.  2.  March  nth,  1878,  at  3^  30"  a.k; 
app.  time^  obs.  alt.  of  tiie  pole  star,  S3^  S^'a 
ind.  oorr.  —3' ;  height  of  eye  1%  feet :  re- 
quired the  Latitude. 


18*  0-,  Alt.  50** 
Lat. 


6 

58 

IS 

0 

51" 

m 

ao' 
-3 

5"    «7 

+  »7 

51  44  N. 


App.  Time 
R.A.  © 


R.A.  Mer. 

#  Obs.  Alt. 
Ind.  Corr. 
Table  38 


15*  o»,  alt.  50" 
Lat. 


1 5*  30" 
23  26 


38   56 

-24 

14  56 

-3'l 

-4  3 

53"  51' 
-7 

53  44 

><> 

+  1     12 

54  56  N. 


774.  AecurtUely*  (1.)  Find  the  Greenwich  Date;  reduce  to  it 
the  Sid.  T.  at  mean  noon;  take  out  the  star's  RA.  and  decl.  from 
the  Nautical  Almanac,  and  find  the  poL  dist 

Find  the  star's  hour-angle. 


(2.)  Correct  the  altitude,  accurately. 


^  .  For  the  1st  Correction.  To  the  log.  sec.  of  the  bour-an^le 
add  the  prop.  log.  of  the  pol.  dist.:  the  sum  (rejecting  tens)  is  the 
prop.  log.  of  the  1st  Correction. 

For  the  2d  Correction.  To  the  log.  cosec.  of  the  bour-an^le  add 
the  prop.  log.  of  the  pol.  dist  ;  double  the  sum;  add  to  this  the 
const.  I '582 1  and  the  log.  cot  of  the  altitude:  die  sum  (rejecting 
teos^  is  the  prop.  log.  of  the  2d  Correction. 

(4.)  When  the  hour-angle  is  greater  than  6**  and  less  than  18^ 
odd  the  Ist  Corr.  to  the  altitude;  when  the  hour-angle  is  kss  than 
6"  or  greater  than  18*",  subtract  it. 

Add  the  2d  Correction  in  all  cases. 
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Bz.  July  14th,  1878,  long,  o^  6m.  W. ;  at  10^  14"  i2''8  obs.  alt.  of  Polaris  10  tba 
qmcktiher,  109*^  36'  40' ;  bid.  corr.  —  1'  30',  tberm.  62°,  bar.  30*0  inchet :  reqairrd  tbe 
Latitude. 


Gr.  Date,  »4tb,  itf»  30"  I3» 
Sid.  T.  mean  noon,  i4tb     ff"  8"  i9^% 
lok  I"  38»'6^ 

30^  4  •9?'      +^   43 '5 

13*  "oJ 

Red.  Sid.  Time 
M,T. 


X7 
ia-8 


R.A.  Mer. 
4c  R.  A. 

Hour-angle 
Or 
I8t  Corr. 
5*  ao"  !»•    Sec.    07615 
P.D.  i<>  ao'  29"  P.L.  0*3496 

istCorr.  i3'54"  P.L.  I'liai 


8  10 
10  24 

18  34   I4«5 

14 


—  I 


2*1 


17  20    12*4 


5  20   12*4 
ad  Corr. 
0*0066 


P.L.    0*3496 

0*3562 

2 


0*7124 

Const.     1*5821 

54<>47'oot.     98487 

ad  Corr.  i'  16''  P.L.    2*1532 


♦R.A. 
DecL 
Alt 
Ind.  Corr, 


^0 


Re£ 
Ther. 

True  Alt 
1st  Corr. 
2d  Corr. 

Lat. 


880  39'  31' 
io9<*36'4o 
—  1  30 
2^09  35  10 

-40 

54  46  55 

13  54 
I  16 

55  a  5N. 


775.  Degree  of  Dependance.     The  error  is  very  nearly  the  same 
as  that  of  the  alt.,  as  a  small  error  of  time  produces  but  little  effect 


I. 


CHAPTER  VI. 
Finding   the   Time. 
Bt   a   Sinolb  Altitude.      IL    6t  Diffebekob  or  Altitude 

NEAR  THE   MERIDIAN.        IIL    Bt  EqUAL  ALTITUDES.       IV.    RaTDCG 
THE  GhRONOMBTEB. 


776.  In  consequence  of  the  perpetual  revolution  of  the  celestial 
bodies,  the  hour-angle  of  any  one  of  them  affords  the  measure  of 
time.  No.  471,  &c.  By  whatever  method,  therefore,  the  hour-angle 
may  be  determined,  the  time  may  be  deduced.  At  sea,  where  tne 
only  fixed  object  to  which  the  ever-chanmng  positions  of  the  celestial 
bodies  can  be  referred  is  the  horizon,  altitude  is  the  only  means  of 
determining  the  time. 


I.  By  a  Single  Altitude. 

777.  The  sun*s  hour-angle  being  apparent  time,  when  his  alt.  is 
observed,  the  time  is  at  once  determineo.     In  the  case  of  any  other 
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celestial  body  which  does  not  pass  the  meridian  with  the  sun,  it  b 
necessary  to  allow  for  the  difference  of  their  hour-angles,  or  of  their 
right  ascensions  (No.  471),  at  the  instant  of  observation,  by  referring 
both  bodies  to  the  first  point  of  Aries  (from  which  B.  A.  is  reckoned), 
as  will  be  described. 

] .  A  Ititude  above  the  HorizaiL 

778.  Liwits,  The  body  should  be  nearly  E.  or  W.,  because, 
when  on  the  prime  vertical,  errors,  both  of  the  latitude  of  the 
observer,  and  of  the  altitude  observed,  produce  the  least  effect  on 
the  hour-angle. 

In  general,  however,  the  body  may  be  observed  at  any  time, 
while  moving  at  the  rate  of  not  less  than  6'  of  alt.  in  I""  of  time; 
because  in  this  case  an  error  of  1^  in  the  alt.  will  cause  not  more 
than  10*  error  of  time,  and  the  same  error  of  lat.  will  in  the  same 
ease  cause  a  still  smaller  error  of  time.  The  amcMest  azimuth, 
reckoned  either  from  N.  or  S.,  which  the  body  can  have  under  this 
last  condition,  is  seen  in  Table  46,  in  the  column  of  6'. 

On  the  other  hand,  the  alt.  should  not  be  observed  when  small, 
as,  for  ex.,  under  10^  or  15^,  on  account  of  the  uncertainty  of  refrac- 
tion, especially  in  very  hot  or  very  cold  weather. 

779.  In  lat.  60^  ZA?  and  upwards,  1^  error  of  alt.  must  always 
cause  more  than  10*  error  of  time ;  the  body  should  therefore  be 
observed  as  nearly  E.  and  W.  as  possible. 

In  the  tropics,  on  the  other  hand,  the  time  may  often  be  more 
correctly  determined,  when  the  body  is  less  than  an  hour  from  the 
meridian,  than  at  several  hours  from  it  in  high  latitudes. 

At  sea,  the  uncertainty  of  the  sea-horizon  may  sometimes  be 
removed  by  observing  to  opposite  points.  Errors  of  alt.  proper  to 
the  instrument,  or  to  the  eye,  are  obviated  by  observing  the  alt., 
of  the  same  measure,  on  opposite  sides  of  the  meridian. 

[1.]  TnJInd  Afpartni  TYmm,  tmd  ikmet  Metm  TIm€,  iy  ih§  AUiiude  qfihe  Stat. 

780.  TTie  Observation.  Observe  a  set  of  altitudes,  (Number  667) 
at  the  proper  limits,  noting  the  times.     See  also  No.  636. 

For  accuracy,  note  the  thermometer  and  barometer. 

781.  The  (Computation.  (1.)  Having  found  the  time  corre- 
sponding to  the  altitude,  find  the  Green.  Date  by  the  chronometer 
No.  676,  which  will  be  mean  time ;  or  by  the  time  roughly  estimated 
and  the  lono^.  by  ace,  No.  676,  which  will  generally  be  App.  Time 
Reduce  to  this  the  sun*s  declination,  No.  680,  or,  for  common  pur- 
poses at  sea,  this  may  be  done  by  No.  679.  Find  the  sun's  polar 
distance.  No.  443. 

When  mean  time  is  required,  reduce  the  Equation  of  Time, 
No.  683  or  684. 

(2.)  Correct  the  alt.  at  sea  by  No.  647,  or,  if  greater  accuracy  is 
required,  by  No.  649. 

(3.)  Compute  the  sun's  hour-angle.  No.  614. 

(4.)  When  the  sun  is  to  the  W.  (or  p.m.),  this  hour-angle  is 
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Apparent  Time ;  when  he  is  to  the  E.  (or  A.!!.),  subtract  the  hour- 
angle  from  24** :  the  remainder  is  A.T.  reckoned  on  the  Jay  before. 

(5)  For  Mean  Time.  Apply  the  reduced  equation  of  time  as 
directed  in  p.  I.  of  the  Nautical  Almanac^  or  in  Table  62,  to  the 
Appu  Time:   the  result  is  Mean  Time. 

The  difference  between  the  time  of  observation,  as  shewn  bj  the 
watch,  and  either  of  these  times,  is  the  error  of  the  watch  on  that 
time. 


Ex.  1.*  Jan.  i2th|  1878,  at  tea,  at  about  9^  30"  a.m.  app.  time;  lat.  35^  5$  N.; 
long.  14^  W. ;  height  of  eye,  30  feet ;  ind.  oorr.  +  4'  30' ;  obt.  alt  of  son  aa  below : 
reqmired  app.  and  mean  time,  and  the  error  of  the  watdi  on  each  time,  at  the  inttant  of 
obienration. 

Note. — ^The  dii&renoei  of  the  alts,  and  the  tamea  are  taken  to  test  their  aocoracy  by 
means  of  their  agreement  with  each  other,  No.  556. 


Times  by  W.    9'»  30-28-      ^?f- 

31     3            ll 
31    34             I3 

31  7            ^3 

32  34              ' 

Alt.    a2<>i8' 

ll 

30 
34 

20' 

50 
40 

Diff. 

4' 40' 

3  50 

3   50 
3  20 

157  46 

132 

SO 

Time     9  31   33 

Alt.    22  26 

34 

Jan.                   ii*2i*»  30" 

Obs.  Alt.  Q 

22 

°  »6'  34* 

Long.  14®  W.              +56 

Index  error 

+  4  30 

6.A.T.  Jan.       11   2a  26 

Table  38 

True  Alt 

• 

+  8     0 

Ded.  n*»                »i**4/    i' S. 

22 

39     4 

Corr.                            ~»9   52 

Red.  Ded.              21  38    9  S. 

90 

Pol.  Diet.               II 1389 

Eq.  Time  1 1<*            8"  i4"-95 

• 

Corr.                               22  '05 

Red.  Eq.  Time           i   37  -bo 

Alt.             22**  39' 

A.T.  at  Ship 

21*  32"  4» 

Lat.            35   55          aec..    0-09158 

Watch 

21   31   33 

P.D.          Ill   38          cosec.  0*03172 

Watch  slow  for  A.T. 

0   31 

17c    12 

A.T.  at  Ship 

21    32     4 

85     6          COB.      8*93154 

Eq.  Time 

+  8   37 

62  27          sine      9*94773 

M.  Time 

21   40  41 

Hour-angle  a*  27«  56*          sin.  sq.  9-00257 

Watch 

21    31    33 

A.T.     21   32     4 

Slow  for  M.T. 

9     8 

Ex.  2.  March  12th,  1878,  at  about  4"*  15*  '•".  mean  time,  lat  50'  48'  N.,  long. 
65  58  E.;  obs.  alt  Q  14**  50'  10';  corresponding  time  by  W.  4»'  13'"  54';  fad.  corr. 
-2'  2o' ;  height  of  eye  18  feet :  required  A.T.  and  M.T.  and  the  error  of  the  watch  on 
each. 

G.M.T.  March  1 1*  23*  5i«,  pol.  dist  93**  15'.  true  alt  14**  55',  Eq.  T.  49»  55*;  hour- 
angle  P.M.  or  A.T.  4*  s-  54« ;  watoh/««/  on  A.T.  «•  ;  M.T.  4*  15"  49-,  watch  riow  on 
M.T.  i»55".  J    -ry' 


*  In  this  example  some  of  the  quantities  are  noted  to  seconds  for  the  sake  of  a  form  ; 
but  at  sea  the  nearest  minute  (to  which  the  hour-angle  is  here  worked)  is  generally  enough, 
unless  the  obsenration  itself  is  remarkably  good. 
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Ex.  3.  Oct.  2oth,  1878,  at  sea,  at  4^  40"  p.m.  app.  time ;  lat.  41^  18'  S.,  long.  21°  W  ; 
height  of  eye  16  feet;  ind.  conr.  —  a' ;  at  4*"  28*  56*  by  watch,  oba.  alt.  Q  23°  7' :  required 
A  .T.  and  M.T.  and  the  Error  of  the  Watch  on  each. 

G  A.T.  Oct  20^  6*  4-,  poL  diat.  79**  31'  tnie  alt.  23**  15',  Eq.  T.  - 15"  ii»;  A.T. 
4*  32"  42> ;  Watch  flow  on  A,T.  3»  46';  M.T.  4"*  17"  31"  j  Watch /a*/  on  M.T.  1 1"  25*. 


t 


[2.]  Jbjbtd  Mean  Thne^  and  thence  Apparent  TUne^  by  the  Altitude  of  a  Star. 

782.  The  Observation  Is  the  same  as  for  the  sun,  Nos.  541,  542. 

783.  The  ComputcUioTu  (l.)  Having  found  the  means  of  the 
fimes  and  the  altitudes,  take  from  the  Nautical  Almanac,  or  Table  63, 
die  star's  R.A.  and  declin.,  and  also  from  the  Nautical  Almanac  the 
sidereal  time  at  mean  noon  for  the  given  day. 

(2.^  Correct  the  altitude.  No.  652  or  653. 

'3.)  Compute  the  star's  hour-angle.  No.  614. 

[4.)  When,  the  star  is  to  the  W.  of  the  meridian,  add  the  hour- 
angle  to  the  star's  R.A.;  when  to  the  E.,  subtract  the  star's  hour- 
angle  from  its  R.A.  (increased  if  necessary  by  24^);  the  result  is  the 
R.A.  of  the  meridian. 

From  the  latter  (increased  if  necessary  by  24**^  subtract  the  sid. 
time  at  mean  noon ;  the  rem.  is  the  approximate  M.  T. 

From  this  last  subtract  the  Retardation  upon  it.  Table  24. 

Take  out  the  Acceleration  for  the  long.;  in  W.  long,  subtract 
the  Accel,  from  the  result,  in  E.  long,  add  it ;  the  result,  if  less  than 
12**,  is  Mean  Time;  if  greater  than  12*",  reckon  the  time  on  the 
preceding  day. 

(5.)  For  App.  Time.  By  the  M.T.  obtained,  and  the  long,  by 
ace,  or  by  the  cnronometer,  find  the  Gr.  Date ;  reduce  the  equation 
of  time  and  apply  it  as  directed  in  p.  II  of  the  Nautical  Almanac,  or 
the  contrary  way  to  that  directed  in  Table  62. 


Ex.  1.  Jan.  1st,  1878,  p.m.,  lat.  50°  46'  N.,  long.  61**  37'  W.,  at  7^  $6^  jt*  by  watch, 
oba.  alt.  of  Procyon  15°  40'  to  the  S.  and  E.,  eye  20  feet,  ind.  err.  o' :  required  the  Mean 
and  App.  Timea,  and  the  Error  of  the  Watch. 

Procyon 'a  R.A.  7^  32"  57* ;  Decl.  5°  32'  N. ;  Sid.  T.  mean  noon,  i8»«  41'"  i». 


Obi  Alt. 

Ind.  Corr.   0') 

Table  38  -8) 

X5«4o' 
-8 

Alt.     15°  32' 
Lat.     50  46 
P.D.    84  28 

150  46 

sec.      0-19895 
cosec.  0*00203 

Hour-angle 
:|e  R.A. 

R.A.  Mer.  (  +  24*) 
Sid.  T.  M.  Koon  - 

-4h48'»33* 
7   3a    57 
2  44   24 

Tme  Alt. 

1532 

18  44     I 

75  *3 
59   5« 

COS.      9*40200 
tine     9*93687 

Approx.  M.T. 
Ret 

8     c   23 
-I  19 

4b  48"«  33* 

«n-«q-9*53985 

Accel,  ei**  37"  W. 

M.T. 

Time  by  Watch 

Watch  $low  on  M.T. 

7    59     4 
-40 

7    58    24 
7    56   18 

2     6 

The  Red.  Eq.  T.  is  4<"  6%  which  eubtraeied  from  M.T.  gives  A.T.  7^  54*1 8\  and  the 
watch  fast  on  A.T.  2'"  o" 
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Ex.  «.  April  27tli,  iS78,  a.ii.,  Ut.  lo*  47  45'  S-»  >«>«•  S«*  /  *•  «^  **  «9"  4i*  by 
watdi,  obtuned  tnia  alt  of  Altair  15*  14^20'  to  the  B.  and  Ni  reqidred  the  M.T.  of 
ohseiration. 

Altair'a  R.A.  19*  44"  5a%  DedL  r»  3»'  39*  N.,  Sid.  T.  M.  Noon  a^  17"  is*- 


Alt. 

15®  14'  ao* 

Hour-Angle 

-S*37"*3" 

Lat. 

a9  47  45 

aee. 

0*061561 

:¥  R.A. 

19  44  5» 

P.D. 

9S  3*  39 

eoaec. 

0*004847 

R.A«  Bier* 

16     7  29 

153  34  44 

Sid.  T.M.  Noon 

-a   17  15 

76  47  %% 

coc 

9*358944 

Approz.  M.T. 

13   50     4 

51  33    » 

nn. 

9*893849 

Ret. 

*a   16 

J*J7- 

»3' 

on.  tq. 

9*319101 

AceeL  long.  31^  /  £. 
MsAM  Tun 

«3  47  4« 
+  0  »o 

13  48     S 

[8.]  2b>M  IfMn  Tlww,  mid  ikenet  Apparent  Thne,  hy  the  Altitude  qftke  Moom 

ore  Planet, 

784.  The  Observation  is  the  same  as  for  the  son.  See,  also, 
Nos.  540,  541,  542. 

785.  The  Computettum.  (1.)  Having  found  the  means  of  the 
times  and  of  the  altitudes,  find  the  6r.  Date  as  nearly  as  possible 
by  the  cluron..  No.  575,  or  by  the  estimated  M.T.  and  long,  by  ace, 
No.  576.  Reduce  the  moon's  R.A.,  No  591,  and  decl..  No.  589, 
and  thence  her  pol.  dist;  also  her  horiz.  paralL,  No.  686  or  587, 
and  semid..  Table  39. 

(2.)  Deduce  the  app.  alt..  No.  654.  Take  out  the  correction  of 
alt.,  Table  39.    Correct  the  altitude. 

(3.)  Compute  the  hour-angle,  and  proceed  as  for  a  star,  783  (4). 


Ex.  1.  July  aist,  1878,  a.m..  Int.  39^  57'  N.,  long.  8^  53'  £.;  M.T.  at  Green,  by  chron. 
ao*  11^  48",  oba.  alt  J^  24®  10'  £.  of  mer. ;  eye  16  feet. 


3'a  R.A. 
Corr, 

Red.  R.A. 

3*1  Red.  H.P. 
3'a  Aug.  Semid. 

3'aDecl. 

Red.Deel. 

FoLDiat. 
Alt.  as®  8' 

Lat  39  57 

PoLDiat  8i   31 

146   37 

73  i«i 
48  10} 

4*  16-  45- 


0^33-19- 
I    a6 

o  34  45 
54'  13" 
H  53 

80a6'  35"  N. 
I     a 


GOI. 

sin. 


8  a7    37  N. 

95 

81   3a  a3 


0*11543 
0*00476 

9*458aa 
9*872a6 


ain.8q.   945067 


Obs.  Alt. 

Dip. 

Semid. 


+  •5/ 


Conr.  Par. 
True  Alt 


14^10 
+  11 

a4  ai 

+  47 
as     8 


yaR.A.(  +  a4*) 
Hour^angle 

R.A.  of  mer. 
Sid.  T.M.  Noon 


0^34"  45* 
-4_i6_45 

ao  18     o 

7   5»   3» 
Approx.  M.T.  at  ahip    la  as  a8 
Ret  -a     a 


Acoel.  for  8^  53^  E. 
M.T.  at  Ship 


za  a3  a6 

+6 

la  a3   3a 


Ex.  2.  Feb.  aad,  1878,  at  about  9"  30-  p.m.,  hit  4aO  40'  N.,  Umg.  x4o«  W.,  obt.  ah. 
Mara  %i^  43  W.  of  mer.,  time  by  watch  9"  a4-  a7«  f.m.,  eye  18  feet:  find  M.T.  and  Error 
of  Watch. 

G.  T.  Feb.  aa«  18*  50-,  Mar's  Red.  R.A.  a"  47'»  33*,  Red.  Ded.  I7«  10'  N.,  True  Alt 

*3    37. 
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Alt     13**  37' 
Ut     42  40 
PD.     71    50 

sec. 
cosec. 

0-13353 
0-01979 

139     7 

^   33* 
45   56J 

COS. 

sin. 

9-54314 
985651 

4'  53*  3^ 

sia  sq. 

9'55a97 

Hour-angle 
Mars*  R.A. 

R.A.  of  Mer. 
Sid.  T.M.  NooD 
Approx.  M.T. 
Ret. 

Accel.  140**  W. 
M.T. 

Whence  the  watch  is  4"  37*  ifow  on  M.T. 


4"  53"  39*  W. 

a  47    33 


7 

41 

12 

22 

9 

a 

9 

3» 

10 

—  I 

34 

9 

30 

36 

—  I 

3» 

9  »9     4 


786.  When  the  true  G.M.T.  is  given  by  a  chronometer^  the 
moon's  RJL  and  declination  may  be  correctly  found.  When  the 
moon  is  at  her  greatest  declination,  N.  or  S.,  a  small  error  in  the  Gr. 
Date  will  but  sUghtly  affect  her  pol.  dist  An  error  of  1""  in  the  6r. 
Date  causes  about  2*  error  in  the  moon's  reduced  R.A. 

787-  If  the  errors  of  the  watch,  as  found  by  observation  of  two 
bodies  on  different  sides  of  the  meridian,  but  on  the  same  side  of  the 
prime  vertical,  by  the  same  observer  with  the  same  instrument,  be 
not  identical,  that  error  is  nearest  to  the  true  error  of  the  watch 
which  accompanies  the  greater  or  outer  azimuth.  If  the  azimuths 
are  equal,  the  mean  of  the  errors  is  the  true  error. 

788.  Degree  of  Dependance,  The  alt  and  the  lat  being  in 
general,  at  sea,  more  or  less  uncertain,  and  the  pol.  dist  of  the  sun 
and  moon  being  reducible  with  precision  in  certain  cases  only,  the 
time  is  in  general  liable  to  three  causes  of  error.     See  No.  615. 

When  it  is  proposed  to  test  the  observation,  the  parts  to  30''  for 
the  sec.,  &c.,  will  be  taken  out  with  those  quantities. 


2.  By  the  Altitude  0,  or  the  Body  on  the  Horizon, 

789.  In  low  latitudes  the  entire  orb  of  the  sun  is,  during  certain 
seasons,  frequently  seen  at  rising  and  setting ;  and  in  the  variable 
dimate^  of  high  latitudes  it  is  occasionally  visible,  though  more 
iisnally  cloudea  at  those  times.  When  the  instant  at  which  either 
limb  touches  the  horizon  can  be  distinctly  noted,  the  time  may  be 
detennined  approximately;  and  though  the  degree  of  approximation 
be  mde  as  compared  with  some  other  methods,  yet  the  result  may 
often  be  valuable,  especially  after  one  or  more  days  without  obser* 
vation.  It  is  also  a  recommendation  to  this  method,  as  a  resource 
when  others  fail,  that  it  is  independent  of  every  instrument  except 
&  watch  or  other  means  of  measuring  time.* 

(I.)  Find  the  time  of  sunrise  or  sunset  in  Table  26.  Apply  to 
this  the  long,  in  time,  as  directed.  No.  576 :  the  result  is  the  Green. 
Date.    Reduce  the  declination,  and  find  the  pol.  dist 

(2.)  To  the  horizontal  refraction,  33^  aad  the  depression.  Table  8, 
and  firom  the  sum  subtract  the  semid.  when  the  lower  limb  is  ob- 


*  Mr.  Fisher  acquaints  me  that  he  has  employed  this  ohsenration  on  a  few  occasions, 
but  drcomstances  were  not  conveniont  for  comparinic  the  results  with  those  of  other 
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served,  or  add  it  when  the  upper  limb  is  observed :  the  result  is  the 
angular  depression  of  the  sun's  centre  below  the  horizon  at  the 
instant  of  oDservation. 

(3.)  Compute  the  hour-^angle  of  the  sun  below  the  horizon  by 
No.  642,  using,  instead  of  18®,  the  sun's  depression.* 

(4.)  At  sunset  this  hour-angle  is  app.  time;  at  sunrise  take  the 
suppl.  to  12  hours.f 

Ex.  1.   May  I2tb,  1878,  lat.  51^  20'  N.,  long.  26^  W^  observed  the  son's  lower  limb  at 
setting  touch  the  horizon  at  y^  40"  56*  by  watch;  eye  16  feet:  required  App.  Time. 

0  DecL  18°,  Table  16  giTes 
App.  Time  Sunset     7*  35" 


Long.  26°  W. 
G.A.T.  1 2th 

Decl.  1 2th 
Oonr. 

Red.  DecL 


I 

9^ 


»9 


i8°io'N. 
+6 

18    16  N. 


Hor.  Refr. 
Depr. 


33' 
A: 

37 
Semid.  --id 

Depr.  Centre    21 

A.T. 
Watch 


Depr. 

Lat 

P.D. 


$1   20 

71   44 


123   »s 

61   42 
61  ai 


7"  40"   7* 
7  4X>   56 


see.       0*204.27 
cosec  0*02246 


8in.      9*9447a 
COS.      9*68075 

sin.  sq.   9*85220 


o  49  WBtdifut, 

£1.  8.  Oct  X4tb,  1878,  lat  18°  39'  N.,  long.  62°  30'  £.,  the  8un*s  upper  limb  at  rising 
appeared  on  the  horizon  at  5^*  46"*  x  i*  by  watch ;  eye  20  feet :  required  App.  Time. 

Gr.  Date,  Oct.  13*  14*  ©■,  red.  decl.  8*>  3'  S.;  depr.  of  sun's  centre  54';  Hour-angle 
5*  5*"  54' 5  -App-  Time  6^  7"  6"  a.m.  ;  watch  20"  55*  slow  on  A.T. 

790.  Degree  of  Dependance,  This  we  have  at  present  no  certain 
data  for  determining^  more  especially  when  the  observation  is  taken 
from  a  considerable  elevation^  as  fi'om  a  hilL 

The  terrestrial  refraction  does  not,  it  should  seem,  affect  the 
instant  of  the  apparent  passage  of  a  celestial  body  over  the  visible 
horizon,  since  the  rays  of  light  from  the  horizon  and  those  from  the 
body  are  similarly  affected;  and  hence  the  uncertainty  of  the  result 
is  probably  due  entirely  to  that  of  the  astronomical  refraction  at  the 
time  and  place.  It  may  be  proper,  accordingly,  to  admit  an  error 
of  2^,  at  least,  in  the  refraction ;  and  the  effect  on  the  result  is  then 
found  by  merely  adding  together  the  parts  for  3(/'  of  the  cosine 
and  sine,  dividing  the  sum  by  the  parts  for  1*  of  the  sine  square,  and 
doubling  the  result. 

Ex.    In  Ex.  1,  aboTC,  the  parts  are  34  and  xi6;  the  som,  divided  by  20,  giTes  7}*, 
which,  doubled,  is  15*,  the  effect  due  to  2'  error  in  the  refr.    In  Ex.  2  this  is  8*. 


*  In  the  tropics  the  method  No.  638  may  be  substituted,  using  log.  sine  depr.  0  cent. 
t  Tables  for  finding  bj  inspection  the  long,  by  chron.  at  sunrise  and  sunset,  by  Coni' 
mander  H.  B.  Weston,  I.N.|  are  published  by  the  Hydrographie  Oflioe 


\ 


fINDING  THE  TIMS.  267 


IL  By  Difference  of  Altitude  near  the  Meridian. 


791.  When  the  son  is  too  near  the  meridian  for  a  satisfactory 
obseryation  of  a  single  altitade,  the  time  may  be  determined  approx- 
imately, and  sometimes  nearly,  by  means  of  the  observed  difference 
of  alt.  in  a  measured  interval. 

The  method  has  been  already  introduced  in  the  Short  Double 
Altitade,  p.  238,  and  it  was  on  the  ground  that  the  same  observation 
might  be  usefully  employed  for  Time  also,  that  the  small  corrections 
from  p.  205,  which  are  scarcely  appreciable  in  the  resulting  latitude, 
were  applied.  It  is  also  worth  while,  in  finding  the  time  by  this 
method,  to  correct  for  change  of  declination. 

The  method  (as  already  shewn  in  Case  II.,  p.  241)  is  available 
with  alts,  taken  on  both  sides  of  the  meridian ;  but,  as  this  case 
would  be  comparatively  rare,  the  rules  have  been  arranged  for 
observations  on  the  same  side  of  the  meridian  only.* 

792.  Limits.  The  observations  should  both  be  within  an  hour 
from  noon.  The  interval  should  constitute  a  large  portion  of  the 
mid.  time  from  noon ;  but  it  should  not,  generally,  amount  to  the 
whole  time  from  noon. 

The  Observation  is  that  in  No.  726. 

793.  Tlie  Computation,  (1.)  Reduce  the  declin.,  by  the  long.,  to 
noon  at  the  place,  which  will  be  near  enough. 

(2.)  Find  the  interval,  and  correct  the  second  of  the  times  by 
watch  for  the  rate  in  the  interval,  when  considerable.  Correct  the 
alts.,  and  reduce  the  1st  to  the  place  of  the  2d  ;  find  their  mean  and 
their  difference.  Correct  the  diff.  of  alts.,  and  also  the  interval  by 
the  quantity  in  the  Table,  p.  205.t 

(o.)  Compute  the  hour-angle  at  the  middle  of  the  interval. 
No.  7^  (2),  and  add  half  the  interval.  When  the  observation  is  p.m. 
this  is  App.  T.,  and  being  compared  with  the  second  time  by  watch, 
shews  the  error  of  the  watch.  When  the  observation  is  a.m.,  take 
the  sappl.  of  this  time  to  12**. 


JVofe.  If  the  rising  or  foiling  of  the  sun  has  not  been  distinctly  noticed,  or  H  is  uncertain 
whether  the  alts,  are  on  the  same  or  different  sides  of  the  meridian,  ascertain  tlie  foct  by  the 
preoqit,  No»  728. 


*  For  the  like  reason,  namely,  not  to  increase  nnnecessarily  the  number  of  precepts,  the 
obsernition  below  the  pole  is  not  treated  ;  this  presents  no  difficulty. 

t  This  is  the  quantity  which,  added  to  the  sine,  makes  it  equal  to  the  arc,  and  by  means 
of  it  we  employ  the  table  of  sines  equally  well  for  arcs. 
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Ex.  ].  May  14th,  iSjSt  about  ii*'  a.m.,  lat  ^S^  4'  N.,  long,  ai"*  11'  W.,  at  u^  iS*  vf 

by  watch,  obi.  alt.  0  58^  9';  at  11^  521"  50^  by  watch,  obs.  alt.  0  59^  39';  ind.  oorr. 
—  1'  20' ;  height  of  eye,  16  feet ;  rate,  ${  knots ;  0  a-head  at  Ist  oba. :  required  the  Erroi 
of  the  Watch. 


Times  by 
Watch 

Interr. 
Corr. 


I|fc  28*20« 

II   52   50 

14  30 
+  3 


24   33 
0  DecL  14th  18^40'N. 


2I*»W. 

Red.  Ded. 


Diff.  Alts. 
Intenr. 
Lat. 
Decl. 


+  1 
z8  41 


N. 


1<>27' 

24" 
48«  4' 
18  41 


51' 

33* 


Mean  Alt.  59     5 
Hour-angle  0^44"  44' 


Alt.Q     58"  9' 
Ind.  Corr.      —  1 


o" 
20 


Vip 

-4 

0 

Corr.  Alt 

58 

3 

40 
-32 

Semid. 

58     3 
+  15 

8 
51 

Run 

58 

18 

+  2 

59 
12 

Alt.059''39'    o* 
—  I   »o 

-4     o 


59 


33  40 

-30 


59   33 
+  '5 


10 
5» 


2d  Alt.  59  49     I 


let  Alt.  58  21 

sine  8*4074 

cosec.  0*9710 

sec.  0*1750 

sec.  0*0235 

COS.  9*7108 

sine  9*2877 


II 


Alts.     58*'2i'ii' 
59  49     1 


118 

10   12 

Mean    59 

5     « 

Diff.       I 
Corr. 

27   50 
+  1 

I  27  51 


Hoor-angle 

Comp.  Mid.  T. 
Halfint 

T.  of  2d  Obs.  ooinpnted 
Do.  by  Watch 

Watch/aff< 


0^44"  44' 
II    15   16 
»5 


+  12 


II 
II 


27 
5* 


31 
50 


25   19 


Ex.  2.  Lat  10^41'  S.,  red.  decl.  20^  56'  N.,  alts.  ©  58^  2'  and  57®  i/,  interral  12"  14*. 
Computed  App.  Time  of  2d  Obserration,  o**  39"  o*. 


794.  Correction  for  Change  of  Declination,  When  the  sun  is  on 
the  meridian,  his  motion  in  declination  (which  then  takes  place  on 
the  meridian)  is  perp.  to  the  horizon,  and  consequently  affects  the 
alt  by  exactly  the  same  quantity.  When,  on  the  other  hand,  tliat 
part  of  the  sun's  celestial  meridian  or  declin.  circle,  on  which  he  is, 
IS  parallel  to  the  horizon,  his  change  of  declin.  does  not  affect  the  alt 
at  all.  Hence  the  corresponding  change  of  alt.  is  always  between  0  and 
the  whole  amount  of  change  of  declination. 

The  2d  alt.  differs  therefore  by  the  whole,  or  a  part,  of  the  change 
of  declin.  in  the  interval,  from  what  it  would  have  been  had  the  decl. 
remained  constant.  When  the  motion  in  declin.  tends  to  increase  the 
alt  the  2d  alt  is  too  great ;  otherwise  too  small.  There  is,  however, 
no  necessity,  in  this  method,  for  a  very  nice  process  of  correction,  for 
when  the  mer.  alt  is  small,  and  the  sun  not  far  from  the  meridian,  the 
motion,  in  declin.  corresponds  very  nearly  to  that  of  alt.,  and  the  entire 
change  may  be  applied;  and  when,  on  tne  other  hand,  the  mer.  alt.  is 
great,  the  motion  in  alt.  is  so  rapid,  that  a  few  seconds,  in  the  estimation, 
are  of  no  consequence  in  practice,  or  the  whole  quantity  may  even  be 
neglected. 

Bx.  1.  May  3rd,  1878,  lat.  26^  14'  N.,  long.  161^  W.,  at  lo^  3i">  18*  by  watch,  obtained 
true  alt.  0  71®  49',  and  at  11^  7'"  21*  tme  alt.  77°  46' :  find  the  Error  of  the  Watch. 


watch,  obb. 
height  of  eye 


The  Hoar-angle  is  46"  i8',  Mid.  T.  11*  13W  421,  and  Watch  $iow  24"  22«. 

Ex.  2.  Not.  4th,  187S,  p.m.,  lat  63°  46^  N.,  lonjp.  (4°  W.,  at  %**  14"  56*  by  ^ 
alt.  (2  10®  18'  i',  and  at  2^  36»  27*  obs.  alt  Q  10^%^%^',  Ind.  corr.  +  2',  hei 
16  feiS,  the  ship  having  no  way. 

The  diff.  alts.  15'  40',  and  Int  2i>n  32*  (corr.  by  1*),  gi?e  Mid.  T.  25"  46".    The  ohange 
of  ded.  17',  added  to  2d  alt  gives  diff.  sits.  15'  23%  and  corrected  Mid.  T.  25">  i8*. 

795.   Degree  of  Dependance.     As  the  interval  may  be  measured 


FINDING  THE  TIME.  269 

with  precision,  and  as  the  )at.,  declin.,  and  alt.,  are  required  approx- 
imately only,  the  yalue  of  the  result  depends  almost  entirely  on  the 
diff.  alts. 

(1.)  The  error  of  the  mid.  time  due  to  a  given  error  in  the  diiF. 
alt.  is  found  by  taking  away  the  sine  employed,  and  adding  that  of 
the  diff.  alts,  vitiated  by  a  proposed  error.  The  result  is  more 
trustworthy  as  the  diff.  alts,  is  greater. 

In  Ex.  I,  No.  793,  lat.  48"  4'N.,  an  error  of  30"  in  the  diff.  of  alts,  causes  15*  error  of 
tune ;  the  obe.  alts,  wonld  be  better  nearer  noon. 

In  Ex.  I,  No.  794,  30"  error  of  ^liff.  alts,  causes  4*  error  of  time. 

In  Ex.  2,  No.  793,  30"  error  of  diff.  alts,  causes  22*  error  of  time. 

In  Ex.  2,  No.  794,  lat  63*^  46',  30^*  error  of  diff.  alts,  causes  48'.    The  case  is  unfilvour. 
able  from  the  smallness  of  the  motion  in  alt. 

^2.)  The  chief  merit  of  the  method  is  its  insensibility  to  an  error 
in  tne  latitude,  which,  under  the  same  circumstances,  renders  the 
observation  of  a  Single  Alt.  useless.  The  effect  of  a  proposed  error 
is  found  by  changing  the  sec.  lat.  before  employed  for  the  sec.  of 
the  lat.  proposed. 

In  the  following  examples  the  effect  of  an  error  of  lat.  in  the  result  by  Single  Alt  also  is 
noted  far  comparison  of  the  two  methods. 

In  Ex.  I,  No.  794,  lat  26^  14',  10'  error  of  lat.  (that  is,  using  26®  24^)  causes  only  4" 
error  of  time.    The  effect  of  this  error  on  the  time  by  the  single  alt.  yi°  49'  would  be  28*. 

In  Ex.  2,  No.  793, 10'  error  of  lat  causes  i*  error  of  time.    The  error  of  time  by  the 
single  aU.  57°  17'  would  be  2"  9*. 

Since  a  single  alt.  very  near  the  meridian  cannot  be  employed 
for  finding  the  time,  and  since  the  latitude  at  sea  is  usually  uncer- 
tain some  miles,  unless  it  has  been  determined  very  recently,  the 
above  method  is  adapted  to  finding  the  time  at  ship  during  that 
portion  of  the  day  when  the  single  altitude  is  not  practicable. 


III.  By  Equal  Altitudes. 

796.  Since  the  altitude  of  a  body  which  does  not  change  its 
declination  varies  exactly  at  tbe  same  rate  while  rising  on  the  E.  side 
of  the  meridian  as  while  falling  on  the  W.  side,  the  same  altitude 
occurs  at  the  same  hour-angle  on  each  side  of  the  meridian,  and  the 
middle  point  of  time  between  the  instants  of  two  equal  altitudes  is 
the  instant  at  which  the  body  passes  the  meridian.  Hence  the  time, 
and,  consequently,  the  error  of  the  watch,  may  be  found  by  observa- 
tion of  equal  altitudes. 

In  the  case  of  the  sun,  the  middle  point  of  time,  or  the  mean  of 
the  observed  times  of  equal  altitudes  a.m.  and  p.m.,  is  apparent  noon. 
In  the  case  of  a  star,  or  other  celestial  body,  the  mean  of  the 
observed  times  corresponds  to  the  R.A.  of  the  star  when  on  the 
meridian,  that  is,  to  the  sidereal  time,  which  may  be  converted  into 
A.T.  or  M.T. 
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797.  Since  the  sun  changes  his  declination  sensibly  in  large 
intervals  of  time,  two  equal  alts.  a.m.  and  p.m.  do  not  in  general 
correspond  to  equal  hour-angles,  and  it  becomes  necessary  to  apply 
to  the  mean  of  the  observed  times  a  correction,  which  is  called  the 
Equation  of  Equal  Altitudes, 

The  object  of  the  computation  is  to  find  what  time  the  watch 
sliewed  when  the  body  was  on  the  meridian;  the  rate,  therefore, 
does  not  afiect  the  result,  unless  it  is  irregular,  in  which  case  the 
mean  of  the  a.m.  and  p.m.  times  is  not  the  time  shewn  by  the  watch 
when  the  interval  is  half  expired.  ^ 

In  like  manner,  the  variation  of  the  sun's  motion  in  R.  A.  (which 
is  the  variation  of  the  equation  of  time)  produces  no  efiect,  provided 
it  be  uniform.     The  irregularity  of  this  variation  is  inconsiderable 

1.  Eqiuil  Altitudes  at  Sea. 

798.  When  the  course  made  good  during  the  interval  of  the 
observation  of  two  equal  altitudes  is  true  E.  or  W.,  the  ship  changes 
her  longitude  only  by  the  portion  of  time  which  she  gains  or  loses 
on  the  sun  in  the  mterval ;  this  change  introduces  no  correction,  and 
the  only  question  is  the  time  by  watch  when  the  interval  is  half 
expired. 

But  when  the  ship  changes  her  latitude,  the  same  altitude  no 
longer  corresponds  to  the  same  time  from  noon,  and  a  correction 
becomes  necessary. 

799.  This  metnod,  though  but  approximate,  has  some  advantages: 
it  is  independent  of  the  terrestrial  refraction,  provided  this  remains 
unchanged  in  the  interval  employed ;  and  the  correction  for  change 
of  lat.,  when  necessary,  requires  the  lat  and  alt.  to  be  but  roughly 
known. 

In  the  tropics  the  interval  may  in  general  be  very  small,  on 
account  of  the  rapid  change  of  altitude,  and  the  correction  for  change 
of  latitude  in  sucn  cases  may  sometimes  be  omitted.  In  high  lati- 
tudes, on  the  contrary,  the  ship's  change  of  latitude  considerably 
alters  the  time  from  noon  at  which  the  2d  alt.  (which  should  be  equal 
to  the  1st)  is  taken :  hence,  in  such  cases,  the  method  is  less  useful. 

Note.— Am  the  equation  of  equal  alts,  is  generally  a  small  quantity  as  compared  with  the 
correction  doe  to  change  of  place,  we  shall  not  here  consider  it.  If,  however,  it  is  required 
to  introduce  it,  proceed  afterwards  to  No.  806. 

800.  The  Observation.  Observe  the  sun's  alt.  before  noon,  noting 
the  time.  Note  the  instant  of  the  same  alt.  of  the  same  limb  p.m. 
For  greater  accuracy,  several  equal  alts,  should  be  obtained. 

When  the  motion  in  alt.  is  quick,  both  limbs  may  be  observed. 

801.  The  Computation.  (1.)  Take  the  mean  of  the  a.m.  and  p.m. 
times  by  watch ;  this,  when  the  ship  does  not  change  her  lat.,  is  the 
time  by  watch  of  apparent  noon ;  when  the  lat.  changes,  this  time  is 
the  time  of  approximate  noon. 

(2.)  Correction  for  change  of  latitude.  With  half  the  interval  as 
an  hour-anele  compute  the  azimuth.  No.  676. 

To  the  log.  sine  of  half  the  D.  Lat.  made  good,  add  the  log.  sec. 
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of  the  lat,  and  the  log.  cotan.  of  the  azim. :  the  sum,  rejecting  lens, 
is  the  log.  Ane  of  the  correction,  in  time. 

When  the  ship  has  approached  the  sun  in  the  interral,  subtrcci 
this  time  from  the  ahore  mean ;  when  she  has  receded  from  the  KtuOy 
add  it:  the  result  is  the  time  by  watch  at  apparent  noon. 

Ex.  1.    June  8th,  1826,  lat.  by  ace.  6**  N.,  at  2^43'"  1*  by  watch  (a.m.)  and  at  3^  o*  3" 
(p.m.)  obs.  alt  0  84°  30'  to  the  northward ;  course,  N.N.W.  tme,  ratei  3I  knota. 
The  interval,  17%  ghrea  Dist  nm  I'l  mile  and  D.  Lat.  i. 


Alt.  (tme)     84''  46^ 
Ded.             %%  50 
Half-Int        8°>3i« 

aec.  1*040 
coe.  9*965 
sin.  §'570 

D.Lat.  30"         tin. 
Lat.         e*         sec 

As.        ft2*'         cot. 

6-163 
9-998 
0-394 

Azim.  %%^ 

sin.  9-575 

Corr.  — d*    o"  5*    sin. 

^  $1   32 

6'5S5 

T.  by  Watch  of  Afp.  Noon    2  51  27  orWatdi^/. 

Here  the  son  is  to  the  northward,  and  the  course  is  to  the  northward,  or  the  ship  has 
^piproaekid  tbe  waa, 

Ex.  2.    June  22d,  1828,  at  sea,  lat.  4°  S.,  course  S.W.  tme,  rate  7I  knots,  obs.  alts,  of 
the  sun  to  ttie  northward ;  ditp  receding  from  the  sun. 

Alt  Q  59**  44  Times  12*  29" 57*  ji.m.  **»    8*39^  p.m. 

50  30  53  7  37 

55  31  45  6  45 

Means  »  30  52     '  2     7  40  int  i^  37" 

o  30  52 

Approx.  T.  by  Watch  of  noon  i    19   16  or  Watdi  ftst 

The  Diit  nm  in  i^  37"  is  12m. ;  D.  Lat.  made  good,  8^*5. 

Alt  60°        sec.  0*301 

Ded.  23^        COS.  9*962 

Half  Lit    48"  30^     sin.  9*322 


Azim.  22|°      sin.  9*585 


D.  Lat  4'  15^  shu     7*092 

Lat  4°  sec.     9*998 

Azim.     224^  cot.    0*283 

Corr.  +o*   o»»4i«       sin.     7*47 
I   19   16 

T.  by  Watch  of  App.  Nook    i   19  57 
or  error  of  the  watch,  fast. 


802.  Dtyree  of  Dependance.  (1.)  The  error  of  time  due  to  an 
error  of  1'  in  one  of  tne  alts,  is  half  that  due  to  V  change  of  alt.. 
No.  788(1.) 

(2.)  To  find  the  error  due  to  an  error  of  V  in  the  D.  Lat.  made 
good,  divide  the  correction  obtained  by  the  D.  Lat.  For  ex.,  terror 
ill  Ex.  2  causes  6*  error  in  the  correction. 

2.  Equal  Altitudes  on  Shore. 

803.  The  method  of  equal  altitudes  is  susceptible  of  considerable 
accnracY,  but  it  can  be  completely  put  in  practice  on  shore  only,  as 
the  sea-Dorizon  is  always  subject  to  uncertainty. 

804.  Limits.    These  are  the  same  as  in  No.  778. 

[1.]  J%€  Sfun,  Mominff  and  Evening, 

805.  The  Observation.  In  the  forenoon,  when  the  sun  is  without 
the  limits,  set  the  index  of  the  sextant  at  the  altitude,  nearly ;  clamp 
the  index,  and  observe  the  instant  of  the  alts,  of  both  limos,  noting 
the  times.  Do  the  same  in  the  aftrmoon,  when  the  limbs  will 
follow  in  reverse  order. 
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Reduce  the  sun's  decl.  and  the  Eq.  of  Time. 
(3.)  Find  the  double  change,  as  before  directed* 
(4.)  Compute  the  equation  of  equal  altitudes,  apply  the  Ist  part  the 
contrary  way  to  (5) :  the  result  is  the  time  by  watch  of  apparent  midnight. 

Ex.    Feb.  zid,  1830,  p.m.,  and  Feb.  S3d,  a.m.,  Ut.  7®  5/  S.,  long.  14^°  W.,  ob- 
ttined  observationa  of  equal  altitudea. 

r.M.  A.11.  8ucrM(~18h). 

5*»  i8"3»»  lo^  59'"47*  4**  i^^ij*  Dcd.  11*44' S.,  deere&rin^, 

5   19   36  10   58  41  4   18   17  Eq.ofT.  13"46»*4, 

5  20  40*5  10  57  36  4   18    16*5 

51*5  Doable  change,  43' S^ 
4  18  17-5 
Appm.  Midnin^t  by  Watch    a     9     8*7 


Fkrt  I. 


5*19- 
10   sS 


Int.    5  39  log.  A  1*235 

Lat  oot.  o*8ss 

43' 8"  0-614 

— »••»  3-704 


Pitft  n. 

liog.  B  2*367 

Decl.  cot.  0*646 

0*614 

a«'5  3*627 

The  int.  is  greater  than  12^,  that  vied 
for  log.  A  being  ita  aappl.  The  Eq.  of 
eq.  alta.  is  +0^-3  ;  the  witch  frst  on  M.T. 
|6  J ^01  a2*'6. 


[3.1  Bpua  AUUudit  qfa  Star, 

808.  This  observation  determines  the  absolute  time  with  mnch 
precision  and  convenience,  as  there  is  no  equation  of  equal  altitudes. 

809.  The  Computation.  (1.)  The  mean  of  the  times  shewn  by 
the  watch  is  the  time  by  watch  corresponding  to  the  sidereal  time, 
or  R.A.  of  the  merid.,  which,  in  this  case,  is  the  same  as  the  R.A. 
of  the  star. 

(2.)  Find  M.T.  by  No.  607,  and  thence  the  error  of  the  watch. 

810.  Correction  for  Change  of  Refraction,  As  the  method  of 
equal  altitudes  is  capable  of  much  precision,  and  as  the  rate  deduced 
may  be  much  affected  by  small  errors  in  the  absolute  time,  it  is 
worth  while  to  make  the  proper  correction  for  every  cause  of  inac- 
curacy. A  shift  of  wind  or  a  fall  of  rain,  in  the  interval,  may  be 
accompanied  by  a  change  of  refraction,  which,  especially  when  the 
altitude  is  low,  may  produce  a  sensible  effect..    To  allow  for  this, 

(1.)  Find  the  correction  of  the  refraction  at  both  observations 
for  the  barom.  and  therm..  Tables  32,33;  then,  when  the  corrections 
differ, 

(2.)  To  the  prop.  log.  of  their  diff.  add  the  prop.  loe.  of  the  time 
the  sun  takes  to  move  through  his  diameter  (which,  if  not  shewn 
by  the  observation,  may  be  found  by  note  **,  p.  203),  and  the  ar. 
eomp.  of  the  prop.  log.  of  the  semi-diameter ;  the  sum  is  the  prop, 
log.  of  a  portion  of  time,  half  of  which  is  to  be  applied  to  the  time  of 
noon,  or  midnight,  thus :  — 

1st  obs.  A.M.,  or  to  the  eastward,  when  the  east.  refr.  is  the 
greater^  add;  when  the  lesser,  subtract. 

1st  obs.  P.M.,  or  to  the  westward,  when  the  east,  refr*  is  tlie 
greater^  subtract;  when  the  lesser,  add. 
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fix.    May  lilt,  1830,  Fort  Vinagagnan,  Rio  de  Janeiro,  lat  22®  55^  8- 1  long*  43^  W., 

'  equal  altn.  57^  in  the  qmckailver,  a.m.  and  p.m.  ;  the  refir.  at  the  eastern  obienratioB 

iiT  lem  than  at  the  west. 

Reduced  decL  so*'  50'  N.  (of  eonirary  name  to  lat.  and  inereanng)^  doable  change  24' 36", 

JEq.  of  T.  3"44*'7,  iubtr,  from  A.T. 

A'M.  P.M.  Sum* 

7*  2i"54»             13*»  25"  6»             ic^  47"  ©•  The  int.  6*«  from 

7  23  23               13   23   36              20  46   59  7'»  22™   to    13*  22"* 

7  24  56              13  22     4              20  47     o  giyes  the  two  parts 

3     2                                                14059  +3«7and+2»2.or 

20  46    ^9*7  ^  equation  of  eq. 

10  23   29-8  «lt«.  +5»-9. 

CwTeetion  for  nneqnal  refraction.      |       Approx.  Noon  by  Watch  10'*  23*2^*8 


12"  prop.  log.  2*95 

3"  2*  do.  1*77 

1 5' 49"  At.  CO.  do.  8'94 

2**3  prop.  log.  3'66 
Corr.  —  i»'i 


Eq.  Equal  Alts.  +  5  '9 

10  23    35  '7 
Corr.  for  Refract.  •—  i  *i 

App.  Noon  by  Watch  10  23   34*6 

Eq.  of  T.    +  i2'»  12     3  44*7 

Watch  slow  on  A.  T.  i    36  25  '4 

Watch  ilow  on  M.T.  j   40   10*1 


81 1 .  Degree  of  Dependance.  The  error  of  the  equation  of  equal 
altitudes  caused  by  an  error  in  the  double  change  of  aecl.  is  a  matter 
of  simple  proportion.  The  effects  of  small  errors  in  the  lat.  and 
decl.  are  insensible,  therefore  neither  the  lat.  of  the  place  nor  the 
declin.  is  required  to  great  precision.  But  variations  in  the  refrac- 
tion^  not  to  be  removed  by  corrections,  will  always  leave  the  result 
in  some  decree  doubtful.  On  this  account,  the  method,  even  under 
the  most  mvourable  circumstances,  can  rarely  be  considered  as 
affording  extreme  precision. 


IV.    Rating  the  Chronometer. 

812.  The  Ratr  of  a  chronometer  is  the  difference  of  its  error 
from  day  to  day.  It  is  called  gaining  when  the  watch  goes  toofast^ 
and  losing  when  it  goes  too  slow. 

813.  When  the  chronometer  is  fasty  either  on  6.  M.T.  or  on  the 
time  at  place,  if  the  error  is  increasing,  the  rate  is  gaining ;  if  de^ 
creasing^  the  rate  is  losing.  When  the  chron.  is  shw^  if  the  error  is 
increasing^  it  is  losing ;  if  decreasing,  it  is  gaining. 

The  amount  of  the  daily  rate  (supposed  uniform)  is  found  by 
dividing  the  change  of  the  error  by  the  nnmber  of  days  in  the 
interraT  between  tne  observations. 

Ex.    May  27th,  at  9^  a.m.  ohron.  slow    2^  7'"  18* 
June   3d,  at  5^  r.u.  dow    2    6  51 

Diif.  of  Error  m  7<»  8*      o    o  27 
Urn  ^7*,  divided  by  7*33  daya,  givea  3**7  daily  batb,  galmktg. 

814.  When  the  error  is  found  to  have  changed  from  fast  to  slow, 
or  from  slow  to  fast,  the  rate  is  the  sum  '^f  the  errors  divided  by  the 
nnmber  of  days  elapsed. 

Ex.  1.    Jane  aSth,  at  3  p.m.,  the  dmm.  was  o"  7**0  fast;  on  July  5th  it  waa  o"  16** i 
ilow:  required  the  Daily  Rate.    The  ram  23**!,  divided  by  7  (days),  gives  3'*3,  /otMf. 
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The  value  of  the  method  consists  in  the  same  altitude  being 
repeated,  without  regard  to  the  precise  measure  of  it.  But  as  the 
second  or  corresponding  altitude  is  often  lost  by  a  cloud  hiding  the 
object,  the  usual  practice  is  to  set  the  index  to  certain  whole  divi- 
sioQs,  as  ](/,  2(/,  &c.,  and  to  observe  the  altitudes.  The  moving  of 
the  index  destroys,  indeed,  the  integrity  of  the  method,  since  the 
second  altitude  is  no  longer  identical  with  the  first,  but  is  merely 
inferred  to  be  equal  to  it  from  the  reading.  The  errors,  however, 
are  greatly  diminished  by  taking  numerous  altitudes ;  or  a  number 
of  instruments  may  be  eniployed,  set  to  difierent  altitudes. 

806.  The  Computation.  (1.)  Reckon  the  time  p.m.  as  12^  13^  &c., 
instead  of  0**,  P,  &c.  Add  together  the  a.m.  and  p.m.  times  of 
observation ;  take  the  mean  of  these  sums,  and  divide  it  by  2.  Take 
the  difference  between  the  1st  and  3d  times  (as  set  down  in  the 
exainple  below)  to  the  nearest  minute,  and  call  it  the  interval. 

(2.)  Find  the  Greenwich  Date  for  apparent  noon  at  the  place ; 
reduce  the  sun's  decl.  (p.  I.  of  the  Naut.  Aim.)  to  the  nearest  minute 
only,  marking  it  as  of  tne  same  or  contrary  name  to  the  latitude,  and 
as  increasing  or  decreasing.  Reduce  the  equation  of  time,  p.  I. 
Naut.  Aim. 

(3.)  Take  the  sum  of  the  changes  of  the  8un*s  declination  for 
the  24^  before  and  the  24**  after  the  Or.  Date ;  call  this  the  double 
change.* 

(4.)  Conipute  the  equation  of  equal  altitudes  thus : — 

Part  I.  From  Table  72  take  out  the  logarithms  A  and  B.  To 
log.  A  add  the  log.  cot.  of  the  latitude  and  the  prop.  log.  of  the 
double  change :  the  sum,  rejecting  tens,  is  the  prop.  log.  of  JPart  I. 

Part  II.  To  lo^.  B  add  the  log.  cot.  of  the  decl.  and  the  prop, 
log.  of  the  double  change :  the  sum,  rejecting  tens,  is  the  prop.  log. 
of  Part  II. 

(5.)  Apply  these  parts,  which  form  the  equation,  to  the  approxi- 
mate noon  by  watch,  by  the  following  directions. 


Dedinatioii 
incKssiiiK 

1 

Put  I. 

Part  II. 

Lat.  an( 

of  the  «am« 
name. 

I  Declin. 

of  contrary 
names. 

Inte 

leMtlian 
ift  houn. 

pTMrfer  than 
12  hoon. 

9Ub. 

add 

add 

tub. 

Dedinatkm 
decretdng 

add 

,   wd. 

9Ub.       ' 

add 

The  result  is  the  time  shewn  by  the  watch  at  the  instant  the 
sun  was  on  the  meridian,  or  apparent  noon  by  the  watch,  and  there* 
fore  shews  the  error  of  the  watch  on  A.T. 

To  obtain  the  error  on  M.T.    To  apparent  noon,  (y^O^O*.  or 


*  As  the  ded.  in  Table  60  is  ciTen  caly  to  the  nearest  minnte,  the  duly 
from  this  table,  may  be  a  minute  m  error,    lliis  wiU  not  cause  an  error  of  i*  in 
«f  eqnal  alts,  i  but,  for  precision,  (he  Nautical  Almanac  is  necessary. 


•stdcea 
eequatioD 
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12*  0*  0»,  apply  the  redaced  Equation  of  T.  as  directed  p.  I.  of  the 
Naat  Aim.,  or  Table  62:   the  result  is  the  mean  time  ot  the  sun's 
meridian  passage  (as  in  No.  624).    By  comparing  with  this  the  time 
of  apparent  noon  by  the  watch,  its  error  on  mean  time  is  found. 
Three  places  in  the  logarithms  give  the  equation  to  0**1.* 

Ex.  1.  Feb.  15th,  1830,  at  Ajceniion,  lat.  7°  57'  S.,  long.  14^®  W.,  the  following  obser- 
rmtMOOM  of  the  son'a  limbs  were  taken  in  the  quickriWer,  the  sextant  being  clamped  at  8 1*'. 

A.M.  p.K.  Soma  deduoUnf  ii. 


lo^  45-40^ 
10  47   54 


17*  29"'  1^* 
17  17     8*5 

Sam 


4b  ,4«  ^^        Hed.  DecL  ii**  44'  S. 

4   15     2*5     Eq.  of  T.  IS"!  50^*5  additive. 


Approx.  Noon  by  Watch 
From  10^46* 


8   30 
4   »5 


I '5 

0-7 

30-3 


Two-daily  change,  39'  18', 
deereoHng, 


to 
Int. 


17   »7 
6  41 


Ptat  I.    %*'o 

liSt.  anddod. 
im§,  add. 


log.  A  a*2i8 

Lat.  cot      0-855 
39' 18'  p.L  o'66i 

pr.  log.        3734 

S  decl.  diterMt> 


7    30  •* 
13   50-5 


Part  II.    **'J  3'7"9 

Int  less  than  12^ ;  ded.  deereatinff,  sub* 
tract. 

Approx.  Noon  a*   7"3o*'3 

+  2-0  }  ^'  ^f  ^^-  Alti.^-o^ 

App.  Noon  by  Watch      2 

Eq.  of  T.  additive,  or  \ 

Mean  Noon,  No.  624  /    

Watch  fast  on  M.T.        i    53   39  "j 

Ex.  2.    July  24th,  1878,  lat.  55^  1'  N.,  long,  o^  6"  W.,  obtained  following  obserratloni 
of  son's  limbs  in  the  qnicksiWer,  the  sextant  being  clamped  at  49°. 

A.H.  P.M.       Boms  dednottakg  84^. 

7*   6»5i»      17*  12*39^5  ...    o^  19" 30^5 
7    10  27-5     17     8   57      ...    o   19  24-5 

Sun  55  *o 

o   19  27*5 
o     9  43-7 


Log.  B 
Ded.  cot. 


2*412 
0*646 
0'66i 


0's  Red.  Ded. 
Two-daily  change 
Eq.  of  T. 


19'  5»'  N.  deer. 
6"  I4*i  «Wi7. 


Int.  10^2";  Part  I.,  15**6,  lat.  and  decl.  same  name ;  decl.  decreatinff,  add.  Part  II., 
i*'o  int.  lew  than  12^ ;  ded.  deereastnff,  subtract ;  app.  noon  by  watch,  o^  9*  58**3;  Eq.  of 
T.  addittre,  or  M.T.  of  Mer.  Pass,  o^  6"  1.^*1.    Watch  fast  on  M.T.  o^  3"  44**2. 


[2.]  T%e  8tm,  Evemng  and  Mommg. 

807.  Instead  of  observing  a.k.  and  p.m.  on  the  same  ^aj,  it  is 
often  conyenient  to  observe  on  the  afternoon  of  one  day  and  the 
morning  of  the  next. 

The  Computatiaru  (1.)  Take  the  mean  of  the  times  as  directed; 
No.  806  ;  this  is  the  approximate  time  by  watch  of  apparent  midnight. 
Find  the  interval  as  in  xTo.  806. 

(3.)  Find  the  (rreen.  Date  in  app.  time  for  midnight  at  the  place 


*  It  is  often  oonyenient,  when  all  posrible  acenraey  is  required,  to  employ  the  logarithms 
of  numbers.  In  this  case,  take  the  arith.  complements  of  the  logs.  A  and  B,  employ  tho 
tangents  of  the  lat.  and  ded.,  and  the  log.  of  the  two-daily  chuige  Si  seconds. 


£z.  (the  above.) 

Log.  A    2*2183 
Lat. 

39'i8'-235«' 
Pkft  I.     i»'99 


ar.  CO.  7*78 17 
tan.      9*1450 

log-      3'37^S 
log.      0*2992 


Log.  B    2*4121        ar.  00.  7*5879 
Ded.  tan.     9*3541 

3^3725 

Part  II.     2«'o6  log.      0*3 145 

T 
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be  considerable,  in  order  to  a\oid  errors  of  refraction^  and  thi 
telescope,  for  the  same  reason,  should  be  nearly  in  tbe  meridian. 
To  find  the  rate,  multiply  3"  66»-91  by  the  number  of  days 
elapsed,  and  subtract  the  product  from  the  nrst  time  noted ;  the  re- 
mamder  is  the  time  the  chronometer  would  shew  if  it  went  uni- 
formly, and  the  difference  between  this  and  the  time  it  shews  is  the 
difference  of  the  error  for  the  interyal,  which  giyes  the  daily  rate. 

Ex.    At  an  obaerration  of  a  star  on  May  ist,  the  cfaron.  ihewed  7^  51"  11*  |  after  firar 
dajf  it  ihewed  7*^  35*"  44**6 :  required  the  Daily  Rate. 

Fint  time  noted       7!*  5 1"  1 1* 
3'"55«-9iX4         -IS   43'^ 

7   35   *7'4 
7   35  44*6 


Gaining  in  four  days  17  •^    hence  the  daily  bats  if  4**3 » gmmmg. 

The  disappearance  of  a  star  behind  any  eleyated  object  answers 
the  same  purpose. 

[3.]  By  D^erence  qfJjtngUude, 

823.  When  the  error  of  the  chronometer  upon  the  time  at  any 
place  A  is  compared  with  the  error  on  the  time  at  another  place  B,  the 
difference  between  these  two  errors  is  the  diff.  long.,  in  time,  between 
the  places.  Hence,  if  the  difference  of  the  errors  does  not  agree 
with  the  quantity  given  in  Table  10  A,  the  discrepancy  arises  from  a 
wrong  rate  haying  been  employed  in  the  interval  between  the  obser* 
yations  for  time,  and  the  true  rate  may  be  found  by  trial,  as  in  the 
following  example: — 

Ex.  At  Falmouth,  Feb.  3d,  at  3'*  zo*  iS*  M.T.  hy  obserration,  tbe.chroa.  ahewedl 
4"3i™47%or  ^m  i"*  ii'"29*  fast.  At  Fnnchal,  on  the  nth,  at  s"*  3o*  27*  M.T.,  or  yi 
days  afterwards,  the  chron.  shewed  7^  29'"  34*.  The  supposed  rate,  2*'3  fmn,m§.  The 
D.  Long,  in  Table  10  A  is  47'"  28*.     Required  the  true  rate. 


Obs.  at  Falm.,  T.  by  chron.    4^3i"47» 
M.T.  by  obs.  3   20    18 

jst  errori  £ut        i   1 1  29 


Obs.  at  Fnnchal,  T.  by  chron.    7^  29*34* 
»«-3  X  9*1  d.  fiim        •^21 

7  »9   >3 
M.T.  by  obs.        5   30  ly 

2d  error,  fast         i    58  46 
1st  error,  ditto       i   11  29 

Difference,  or  ekrwi.  D.  lAmg,        47   17 

Ttiit  diff.  should  be  47"  28*,  or  is  too  small  by  1 1*.  By  inspecting  the  process,  it  it 
evident  that  the  quantity  21*  (whicJi,  from  the  nature  of  the  case,  is  supposed  to  be  in  error) 
b  too  large  by  ii«.    Hib  batb,  tiierefore,  is  10*  divided  by  9*1,  or  i«-i  fmninp. 

When  one  error  is  fast  and  the  other  slow,  m^ke  them  both  ^t 
or  both  slow,  by  adding  or  subtracting  any  number  of  hours. 

3.  Keeping  Account  of  the  Chronometer. 

824.  In  keeping  account  of  the  chronometer,  the  error  on 
O.M.T.  is  entered  in  a  book  as  fast  or  slow,  with  the  date,  and  the 
rate  is  applied  to  this  according  as  it  is  gaining  or  losing,  day  by 
day. 

If,  after  a  time,  the  long,  or  G.M.T.  be  obtained  independently, 
llie  error  on  O.M.T.  is  found ;  if  this  does  not  agree  with  the  rate 
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allowed,  a  new  rate  mast  be  assigned  from  consideration  of  tiic 
circnmstances. 

825.  As  it  is  impossible,  without  an  independent  reference,  to 
determine  whether  a  chronometer,  A,  is  gaining  upon  another,  B 
or  B  is  losing  while  A  goes  as  before,  no  direct  rules  of  certain 
application  can  be  given  for  reducing  the  rates  of  chronometers  by 
mere  comparison.  Since,  however,  it  may  be  presumed,  in  general, 
that  in  a  number  of  watches  the  true  time  will  be  that  shewn  by 
the  majority,  regard  being  had  to  the  quality  of  each,  it  is  proper 
to  keep  an  account,  in  which  an  approved  watch  being  taken  as 
the  standard,  the  rest  are  severally  compared  with  it  every  day. 

It  is  convenient  to  distinguish  the  chronometers  by  letters,  as 
A,  B,  C,  &c.,  and  to  write  the  difference  between  A  and  B  thus, 
A— B;  that  between  A  and  C  thus,  A— C,  over  each  column 


CHAPTER  VIL 

Finding  the  Longitude. 

T.  Bt  thb  Chronometer.  II.  By  the  Lunar  Obsbryatiok 
III.  By  the  Altitude  op  the  Moon.  IV.  By  an  Occultation, 
V.  By  Eclipses  ol  Jupiter's  Satellites. 

826.  The  apparent  motions  of  the  celestial  bodies  parallel  to  the 
equator,  produced  by  the  revolution  of  the  earth  round  its  axis, 
being  perpetual,  no  fixed  point  or  circle  can  be  obtained  from  which 
the  longitude  of  the  observer,  which  is  measured,  like  right  ascen- 
sion, on  the  equator,  may  be  determined.  Longitude,  accordingly, 
€!an  be  ascertained  only  with  reference  to  the  meridian  of  some  other 
place;  and,  as  it  is  measured  by  time  (No.  193),  it  is  determined  by 
comparison  oi  tlie  time  at  place  with  the  time  at  some  other  place. 

I.  By  the  Chronometer. 

1.  Determination  of  the  Absolute  Longituck. 

9Sn.  The  most  convenient  method  of  finding  the  longitude  is  by 
comparison  of  the  time  at  place  with  the  time  at  Greenwich,  as 
shewn  by  a  chronometer. 

The  mean  time  at  place  being  found  (Chapter  VI.),  take  the 
difference  between  this  time  and  the  time  by  chronometer,  brought 
up  to  the  time  of  observation  by  a|)plying  the  error  with  the  rate. 
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When  the  time  at  Greenwich  is  the  leoMty  the  long,  ie  E. ;  when 
the  greatest,  it  is  W. 

Ex.  1.  The  M.T.  at  place  k  3^  48"  1* ;  the  6.M.T.  is  4^  15"  1 1« :  henoe  the  Long.  oI 
the  place  is  o^  27"  9%  or  6®  47'  15^  W. 

Ex.  2.  The  M.T.  atplace  ia  7^i4"22*;  the  G.M.T.  ia  2^6^  57*:  hcnee  ^  Long,  ii 
5*»  7"»5*»  or  76®  51'  15"  Ef. 

828.  Degree  of  Dependance.  The  time  at  place,  as  dednced  from 
observation,  and  the  time  shewn  by  chron.,  being  both  liable  to 
error,  the  error  of  the  resulting  longitude  is  made  up  of  the  sum  or 
difference  of  these  two  errors. 

829.  When  the  rate  of  the  chronometer  has  changed,  and  the 
long,  is  required  at  a  time  past,  the  error  of  the  chronometer  at  the 
time  proposed  munt  be  deduced  from  the  two  rates  by  consideration 
of  the  circumstances,  as  no  rule  can  apply  to  all  cases. 

2.  Determination  of  Difference  of  Longitude* 

830.  The  ordinary  method  is  to  find  the  absolute  longitudes  of 
both  places  by  comparison  of  the  Greenwich  mean  time,  as  above 
described,  and  then  to  take  the  difference  between  them. 

Ex.  M.T.,  at  a  place  A,  is  3^  ii"43%  when  the  G.M.T.  ia  7^7"  18*:  beaoe  the  loaf, 
of  A  ia  3^  55"  35*  W.  Again,  some  days  afterwards  the  M.T.,  at  a  place  B,  ia  s^  19*45*, 
when  th^  G.M.T.  ia  6^26^  34*:  hence  the  long,  of  B  ia  4>>  6-49*  W. 

The  DiFF.  Long,  between  the  places  is,  therefore,  1 1™  14%  and  B  ia  west  of  A. 

831.  But  it  is  more  concise,  in  a  question  relating  to  a  difference 
only,  to  proceed  without  regard  to  the  absolute  longitude  of  either 
place,  by  considering  merely  the  error  of  the  chron.  on  the  time  at 
each  of  the  two  places,  as  in  the  following  example: — 

Ex.  1.  At  3^  1 1"  43*  M.T.,  hj  obs.  at  a  plsee  A,  the  chronoraeler  shewed  5^  1 1*"  19*,  or 
was  i>>  S9B  36*  fast  on  the  time  at  A.  Again,  some  days  afterwards,  at  a**  19*45'  M.T.,  at  a 
place  B,  the  chron.  (after  applying  the  rate)  shewed  4^  ^o^  35%  or  was  a^  lo"  50^  £ut  on  the 
time  at  B. 

Now  it  is  evident  that  if  A  and  B  were  in  the  same  long.,  the  chron.,  snpposing  the  rate 
truly  determined,  would  have  the  same  error  at  each  place ;  and  hence  the  diflerenoe  of  the 
errors,  !»•  59"  xd^  and  i"*  lo"  5o»,  or  ii™  14%  is  the  Diff.  Long. 

Since  the  chron.  vifiuier  at  B  than  at  A,  the  time  at  B  is  bthind  that  at  A,  or  B  is  west 
of  A. 

The  proceeding,  reduced  to  a  rule,  is  as  follows  :— 

Find,  by  observation,  the  error  of  the  chron.  on  the  time  at 
place.  Having  moved  to  another  place,  take  an  observation  for 
time ;  correct  the  time  shewn  by  the  chron.  hy  applying  the  rate 
for  the  time  elapsed  since  the  former  observation,  and  nnd  the  error : 
the  difference  of  the  two  errors  is  the  diff.  long. 

When  the  chron.  is  fast  at  both  places,  the  place  at  which  the 
error  is  the  greatest  is  west  of  the  other. 

When  the  chron.  is  slow  at  both  places,  the  place  at  which  the 
error  is  the  greatest  is  east  of  the  other. 

When  the  chron.  is  fast  at  one  place  and  slow  at  the  other  (as 
nmy  occur  when  the  error  is  less  than  the  diff.  long.),  add  5  or  .6 
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bonra  to  each  of  the  times  by  chron.  in  order  to  render  both  the 
errors  of  the  same  kind. 

Ex.  2.    At  A,  M.T.  5*  36"io»,  chron.  6*  36"  ao^,  error  i*    o"io*ftft 
At  B,  M.T.  3  28   30,   chron.  4     9   20,   error  o  40  50 

A  weit  of  B,  Dnrr.  Lono.  o  19  20 

832.  Since  the  whole  value  of  a  chronometric  determination 
depends  upon  the  rate  of  the  chronometer,  and  since  the  rate  is 
liable  to  change,  the  result  is  better  as  the  time  occupied  in  the  run 
is  less.  This,  however,  does  not,  in  strictness,  applv  to  intervals 
less  than  24  hours;  for  the  works  go  through  an  entire  revolution 
in  24  hours,  and  the  rate^  which  is  determined  for  an  entire  day, 
may  be  anequally  distributed  over  different  parts  of  the  24  hours. 
For  extreme  precision,  the  rate  should  be  known  for  given  intervals 
on  the  dial-plate. 

833.  When  the  ship  returns  without  loss  of  time  from  a  place  to 
that  from  which  she  set  out,  the  opportunity  will  in  general  oe  very 
favourable  for  determining  the  difference  of  longitude. 

834.  While  a  chronometer  continues  to  gain  or  to  lose,  the  differ- 
ence of  longitude  shewn  by  it  between  two  places  will  be  differently 
affected,  according  as  it  is  measured  eastwards  or  westwards :  hence, 
if  the  differences  do  not  agree,  the  true  diff.  long,  will  be  between 
them. 

When  the  chron.  gains  on  its  rate,  the  computed  long,  is  to  the 
toesi  of  the  true  long. ;  when  the  chron.  loses  on  its  rate,  the  com- 
puted long,  is  to  the  east. 

If  the  rate  is  steady,  the  true  diff.  long,  will  be  correctly  found 
by  dividing  the  error  according  to  the  number  of  the  days  in  the 
two  passages. 

3.  Cammynicatum  of  Chronometric  Differences. 

835.  Individuals  possessing  one  or  more  good  chronometers  fre- 
quently have  opportunities  of  furnishing,  verifying,  or  correcting 
meridian  distances.  It  is  proper,  therefore,  here  to  enumerate  the 
considerations  which  influence  the  value  of  the  results,  more  espe- 
cially as  many  such  determinations  are  communicated  to  authority 
from  time  to  time,  which,  however,  not  being  accompanied  with  the 
details  necessary  for  an  estimation  of  their  value,  remain  unem- 
ployed. 

(1.)  It  is  absolutely  necessary  to  specify  or  to  describe  the  exact 
spot  of  observation  at  each  place. 

(2  )  The  number  of  days  employed  in  the  run,  or  in  the  interval 
between  the  observatioiis  for  time,  or  both,  if  these  differ  much, 
together  with  the  nw/nber  of  chronometers^  should  be  expressed  ;  also, 
the  times  and  manner  of  rating,  and  the  character  of  the  rate,  as 
steady  or  unsteady,  should  be  briefly  noticed. 

(3.)  The  mahers  name  and  the  number  of  the  chronometer  should 
be  specified,  because  the  character  of  a  watch  affects  the  value  of 
a  determination  in  which  it  is  employed. 
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(4.)  When  there  are  several  chronometers,  the  result  given  bj 
each  should  be  exhibited.  The  general  ariihmetical  mean  should  be 
given,  and,  besides  this,  an  estimated  mean^  obtained  by  giving  more 
or  less  weight  to  the  several  results,  according  to  the  performance 
of  each  chronometer,  and  of  which  the  observer  alone  can  be  a 
judge.  The  two  final  results  should  be  expressed  in  titney  and  also 
m  arcj  for  the  more  readv  comparison  of  positions  on  the  chart. 

(5.)  The  extreme  difference  of  the  greatest  and  least  results  by 
the  different  chronometers  employed  should  be  stated,  as  this  shews 
whether  the  chronometers  went  well  together  or  not ;  for,  though 
their  going  together  does  not  prove  that  all  or  any  of  them  are 
right,  their  not  going  together  proves  that  some  of  them  are  wrong. 

(6.)  All  observations  for  the  longitudes  of  places  are  supposed 
to  be  made  by  means  of  the  quicksilver,  unless  the  contrary  is  ex- 
pressed. When  the  altitudes  are  taken  from  the  sea-horizon,  the 
result  should,  therefore,  be  distinguished  by  the  word  (sea). 

(7.)  It  will  be  useful  to  state  the  temperature  of  the  chronometer- 
room,  and  to  remark  whether  it  has  remained  constant  or  been 
subject  to  variation.  Also,  the  general  direction  of  the  ship's  head 
should  be  noted. 

(8.)  Lastly,  every  result  should  be  given  without  any  regard  as 
to  whether  it  agrees  or  not  with  received  determinations.  Many 
received  positions  are  very  erroneous,  and  the  only  means  by  which 
they  can  oe  decisively  rectified  are  the  comparisons  of  independent 
ana  impartial  evidence. 

In  the  following  example,  D.  L.  is  the  abbreviation  of  Diff. 
Long.;  ch.  is  that  of  chronometers;  d.  that  of  days;  and  the  ex- 
treme difference  is  denoted  by  the  number  of  seconds  enclosed  in 
brackets,  implying  limit  or  boundary.'* 

Ex.    May,  1838,  Capt  A.,  of  H.M.S. ,  niled  from  fiarbadoes  to  Port  KojbI, 

Jamaica,  the  points  of  obaenration  being  Eng:ineen'  Wharf  and  Fort  Charles.  He  carried 
five  chronometers,  vis..  No.  152,  Moljneax;  No.  191,  Bregnet;  No.  702,  Arnold  and 
Dent;  No. 650,  Parkinson  and  Frodsham;  and  No.  490,  M'&be.  The  puns^  oocnpied 
seven  days.  The  extreme  difference  of  the  results  was  7  seconds  of  time.  Tlie  arithmetical 
mean  was  i^  8*49*;  the  estimated  mean,  I'^S"*  52*.  The  temperature  of  the  chronometer- 
room  ranged  from  78°  to  80** ;  the  ship's  head  chiefly  west. 

These  paiticulaiB,  abbreviated,  stand  thus : — 

Capt.  A.,  May  1838,  D.  L.  Barbadoi  (Bng.  Wharf)  to  P&rt  Bowal  (Fort  Charlsi),  5  ch. 

7a.    M  ^    ^    ^ 

Aiith.  Mean,  i»  8»49»"i7®  la'  15* 
Estim.  Mean,  1   8   52  1*17   13     o 
M.     No.  152     fk  8«46* 
B.     No.  192     I  8   52 
A.  and  D.    No.  702     i  8  53    Temp.  78^  to  80®    [2°] 
P.  and  F.     No.  650    i  8  45    Head  west. 
M'C.    No.  490    I   8  49 

*  This  plan  was  proposed  in  the  Navt  Mag.,  1839,  p.  402,  to  which  tiM  raadir  Is 
latevBd  for  otlifir  details  of  the  sabjeot. 
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II.  The  Lunar  Observation. 


Oearing  the  DutAuce,  Nos.  842, 844, 845—LiiQar  Ob<!.  bv  the  San,  No.  847 — Lunar  Obs.  hj 
a  ^ar  or  a  Planet,  No.  849 — Special  Correctiona,  No.  851 — Deg^ree  of  Dependuioe, 
No.  858— Calculation  of  Altitudes,  No.  863. 

836.  The  angular  distance  of  the  moon  from  any  celestial  body 
being  in  perpetual  change,  each  of  the  several  degrees  of  magnitude 
through  which  it  passes  corresponds  to  a  certain  instant  of  time. 
Acco^inely,  the  distance  of  the  moon  from  the  .^un  and  certain 
other  bodies,  at  the  end  of  every  three  hours,  being  given  in  the 
Nantical  Almanac,  the  observation  of  this  distance  affords  the  means 
of  determining  the  time  at  Greenwich,  and  thence  the  longitude  of 
the  observer. 

This  observation,  on  account  of  its  great  importance  at  sea,  has 
been  distinguished  by  tlie  name  of  the  Lunar  Observation, 

837.  If  the  distance  between  the  moon  and  the  other  body  were 
the  same  to  the  spectator,  whether  he  were  at  the  surface  or  the 
centre  of  the  earth,  there  would  evidently  be  nothing  more  to  do 
than  to  measure  the  distance  by  an  instrument,  to  nnd  from  the 
Nautical  Almanac  the  Greenwich  time  corresponding,  and  to  com- 
pare this  time  with  the  time  at  place.  But  the  refraction  of  the 
sun,  a  star,  or  a  planet,  being  greater  than  its  parallax  in  altitude, 
causes  one  of  these  bodies  to  appear  above  its  true  place ;  while,  on 
the  contrary,  the  moon's  parallax  in  alt.  being  greater  than  her 
refraction,  causes  her  to  appear  below  her  true  place. 

Z  is  the  zenith,  S  and  i  the  true  places  of  the  sun  (or  star)  and 
moon,  S'  and  D '  their  apparent  places.  Then  S  ]>  is  the  true 
distance,  and  S'  D '  the  apparent  distance 


Fig.  I.  Ftff.  2.  Fig.  3. 

r 

SS'  is  the  sun's  corr.  of  alt.,  dd'  the  moon's  corr.  of  alt.  In 
6g.  1,  where  the  d's  alt.  is  the  lesser,  the  app.  dist.  exceeds  the 
true,  for  W  is  farther  from  S  than  D  is,  and  S'  is  also  farther  from 
1>  than  S  is.  In  fig.  2,  the  app.  dist.  is  the  lesser.  In  fig.  3,  both 
ingles  at  S  and  d  are  acute,  as  is  the  case  when  the  alts,  are  nearly 
equal,  and  always  when  the  distance  exceeds  85^. 
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As  >y  is  always  less  than  56^,  the  arc  >  m,  fiff.  3,  of  a  circle, 
having  its  centre  at  S,  is  nearly  a  right  line,  and  Yfi/^  (which,  from 
the  apparent  place  of  the  moon,  is  here  the  excess  of  the  app.  dist. 
above  the  true)  is  equal  to  >y  cos.  of  the  an^Ie  at  y.  Ihe  like 
term  (or  1st  correction  of  the  app.  dist.)  for  the  sun  is  SS^  cos.  S, 
or  SS'  COS.  S^  nearly.  This  is  the  principle  of  the  approximate 
methods.* 

Hence  the  apparent  distance  between  the  moon  and  the  other 
body  differs  from  the  true  distance,  except  in  the  particular  case  in 
which  the  two  opposite  effects  happen  exactly  to  compensate.  This 
last  circumstance  may  sometimes  occur  during  the  time  that  two 
bodies  within  distance  are  above  the  horizon,  but  not  bein^  discover* 
able  from  the  observation  it  is  productive  of  no  simplification. 

The  process  of  reducing  the  apparent  to  the  true  distance,  or 
removing  the  effects  of  parallax  and  refraction,  is  called  Clearing 
the  Distance. 

838.  It  is  evident  from  the  above  that  the  difference  between  the 
true  and  apparent  distances  depends  almost  entirelv  on  the  cor- 
rections of  altitude  (No.  438) ;  and,  consequently,  is  affected  by 
every  variation,  however  minute,  of  those  corrections.  Also,  since 
the  most  rapid  change  of  distance  is  about  1^  48^  in  three  hours,  the 
effect  of  1'  error  of  dist.  is  26'  of  long.,  or  the  effect  of  IS'''  error  of 
distance  is  &  of  long.,  in  the  most  favourable  case.  Hence  it  may 
become  of  great  importance  to  the  accuracy  of  the  result,  in  many 
cases,  that  the  heights  of  the  barometer  ana  thermometer  should  be 
noted  at  the  time  of  observation. 

839.  The  lunar  observation,  which  is  the  only  independent  me- 
thod of  Bnding  the  longitude  generally  available  at  sea,  is  also,  from 
not  being  confined  like  some  others  to  a  particular  instant,  of  service 
on  shore.  A  single  observation,  however,  is  not  capable  of  affording; 
a  decisive  result;  great  practice  is  necessary  for  measuring  the 
distance  successfully ;  and  the  application  of  so  many  small  cor- 
rections as  are  necessary  when  accuracy  is  required  is,  even  with 
extraordinary  care  and  some  skill,  scarcely  compatible  with  extreme 
precision. 

840.  Limits.     The  distance  must  fall  between  the  greatest  and 

*  The  approximate  prooeas  will  be  easfly  intelligible  by  attending  to  the  following 
considerations. 

The  moon  must  always  be  raited,  and  the  sun  or  star  towered,  to  attain  their  tme  places. 
Now,  when  the  moon  is  the  lower  of  the  two  bodies,  it  is  evident  that  raising  her  wiU 
diminish  the  apparent  distance ;  that  is,  her  correction  of  distance  mnat  be  tubtraetme. 
Again,  when  she  is  the  higher  body  it  is  generally  additive.  When  the  sun  or  star  is  the 
lower  body,  lowering  it  wSl  increase  the  app.  dist ;  its  corr.  of  dist.  is  therefore  edditwe, 
but  subtractive  in  general  when  the  uppermost  bodv. 

The  angle  at  tiie  lower  body,  Z  ^'S',  or  ZS  >',  is  dlwajft  amie;  the  corresponding 
angle  at  the  other  body  will  generally  be  obtuse  when  the  altitudes  are  very  unequal,  and  the 
dist.  not  great. 

The  eorreeiUm  qf  ditt.  in  Method  I.  is  the  D.  Lat.  corresponding  to  this  angle  as  a 
course,  and  the  corr.  of  alt  as  Dist.  The  sum  or  diff.  of  the  Dep.  and  N  is  the  cosine  ol 
the  angle  in  question  to  the  radius  100.  When  the  dist.  is  less  than  90°  and  the  Dep. 
greater  than  N,  the  angle  is  acute,  but  obtuse  when  the  Dep.  is  the  leaser.  Thus,  in  Ex.  1, 
the  angle  at  the  moon  is  55"^^  ;  that  at  the  star,  76°. 

Wlien  the  moon's  alt.  amounts  to  nearly  80°,  or  when  the  distance  is  so  small  as  20°,  M 
and  N  vary  irregularly,  and  Method  I.  does  not  serve  weU. 
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Irast  distances  in  the  Nautical  Almanac.  The  alts,  should  not  be 
less  than  5^  or  6^;  and,  when  the  barometer  and  thermometer  arc 
not  at  hand,  not  less  than  12^  or  15^,  especially  in  very  hot  or  verj 
cold  weather. 

As  the  chief  part  of  the  computation  consists  of  clearing  the 
distancej  it  will  be  more  convenient  for  reference  to  consider  this 
portion  of  the  work  separately. 

1 .  Clearing  the  Distance. 

[1.]  Appromwtate  Methods, 

841.  In  these  methods  the  object  is  to  find  the  correction  of  the 
apparent  distance  due  to  the  corrections  of  altitude  of  each  body. 
The  first,  or  that  by  inspection^  is  performed  by  means  of  the 
Spherical  Traverse  Table;  and  the  second,  by  hgaritkms^*  is  a 
useful  and  convenient  process,  without  the  embarrassment  of  various 
cases,  and  requiring  only  four  places  of  figures. 

The  approximate  methods  are,  in  general,  not  susceptible  of 
much  precision  when  the  distance  is  less  than  20^. 

842.  Method  I.  By  Inspection.  (1.)  For  the  Moon's  Correction 
of  Distance.  With  the  moon's  app.  alt.  and  the  compl.  of  the  app. 
dist.  to  90^,  take  out  M  and  N. 

With  the  sun's  or  star's f  alt.  as  Course,  and  M  as  Dist.  find  the 
Dep.,  which  place  under  N. 

When  the  distance  is  less  than  90^,  take  the  difference  of  this 
Dep.  and  N,  marking  the  Dep.  according  as  it  is  greater  or  less 
than  N. 

When  the  distance  is  greater  than  90^,  take  the  sum  of  the  Dep. 
and  N. 

With  the  Dist.  100,  and  the  said  diff.  or  sum  as  D.  Lat.,  find  the 
Conrse.t  With  this  course  and  the  moon's  corr.  of  alt.  as  Dist.,  find 
the  D.  Lat;  this  is  the  moon's  correction  of  distance. 

Tor  the  Moon's  2d  Corr.  Enter  Table  56  with  the  app.  dist. 
and  the  moon's  corr.  of  alt.,  and  take  out  the  seconds.  Enter  aeain 
with  the  corr.  of  dist.  and  take  out  the  seconds.  The  diff.  of  these 
two  quantities  is  the  2d  corr.,  which  apply  as  directed  in  the  Table. 

(2,)  For  the  Sun's  or  Star's  Correction  of  Distance.  With  the 
sun's  or  star's  app.  alt.  and  theco-dist.,  take  out  M  and  N. 

With  the  moon*s  alt.  as  Course  and  M  as  Dist.  find  the  Dep., 
which  place  under  N,  marking  it  as  greater  or  less  than  N  when 
the  dist.  is  less  than  90^. 

Take  the  diff.  or  sum  as  before  directed. 

With  the  Dist.  100  and  this  diff.  or  sum  as  D.  Lat.  find  the 
Course.  With  this  course  and  the  sun's  or  star's  corr.  of  alt.  as 
Dist.  find  the  D.  Jjat. ;  this  is  the  corr.  of  distance  required.^ 

*  ThoB  ii  a  sligbt  variation  of  the  method  commonly  known  among  aeamen  as  Node's  4tli 
method,  and  attributed  to  Mendoxa  Bios. 

t  In  the  case  of  a  planet,  anbatitnte  the  word  planet  for  star  in  tbe  several  roles. 

t  If  thia  aoiD  or  dUT.  ezoiMd  100,  a  mistake  haa  been  made. 

f  The  oorrecC&oa  of  distance  may  l>e  found  more  ooirectly  by  multiplying  tiia  diif.  or  sou 
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iVbto.  In  finding  the  moon'i  oorr.  work  to  the  nearoit  ha^  degree  t  and  when  die  wsaft 
or  itar'B  alt  is  less  than  lo^,  take  out  the  Dep.  to  the  nearest  third  or  quarter  of  a  degree. 
In  Ae  sun's  or  star's  corr.  work  to  the  nearest  t^Aole  degree. 

Apply  the  corrections  to  the  app.  dist.  as  follows ;  the  result  is 
the  true  distance. 


Distance  leee  than  90^ 


>  Corr.  of  Dist 


When  the  Dep.  is 


Uee 
thanN 


add 


greater 
thanN 


eub> 


Gor:iti.  Corr.  of  Dist. 


When  t)ie  Dep.  is 


ieee 
thanN 


tub. 


greater 
thanN 


add 


)  2d  Correct,  of  Dist  add 


Distance  greater  than  90* 


^  Corr.  of  Dist 


tub. 


0  or  )|c  Corr.  of  Dist. 


add 


>  2d  Correct  of  Dist  m^. 


Ex.  1.  (Dist.  tea  than  90^)      App.  alt  0  47^31';   A.  alt  >  36^51';   app.  dist. 
4S^  20'  29^^.     0  corr.  of  alt  47";   >  oorr.  of  alt.  45'  35".    (Co-dist.  41 1^) 

^'s  Corrections. 
>  37*  and  411°,  M  167,    N    66-6 
0  47 1°  and  107,  Dep.   123*1  (gr«) 


Dist.  100  and  D.Lat  56*5  give  the  Course 
SSi°9  at  which, 

Dist.  45^  gives  D.  Lat.  25-5      25'  30'' 


35 


20 


25   50 
(which  eub.f  sinoe  123*1  exoeeds  66*6.) 

>  2d  corr.  16" 

<         +  11" 


0*8  Correction. 

0  47®  and  41®,  M  194*3,    N    93*2 

>  37^  and  194,  Dep.  116*8  (gr.) 

Dist  100  and  D.Lat  23*6  give  the  Conm 
76^ ;  at  which, 

'    Dist.  47"  gives  D.  Lat.  1 1" 
(which  add,  since  116*8  exoeeds  93*2.) 

0OOIT.  +0®    o'  It" 

>  2oorrs.  —25   39 


A.  dist 
True  Dist. 


— o  25   28 
482029 

47   55  .  » 


Ex.  2.  (Dist  greater  than  90°.)  App.  alt  0  13°  10';  app.  alt  >  36^6';  app.  dist. 
i2o«  29'  53".  Hor.  par.  59'  42" ;  J  corr.  o?  alt  46'  58  ;  ©  «>rr.  of  alt  3'  56".  (Co-dist 
304°.) 


y*B  Corrections. 

)  36°  and  3o|^  M  143*4,    N  42*8 
©  131°  and  143*4,  Dep.  32*9 

(ram)  75*7 

■00  and  D.  Lat.  75*7  give  Course  41^. 

46'  gives  34'*7 
58** 


>  2d  oorr.  120®  and  47',  1 1 

35. 


34' 4»" 

44 

-35   a6 


)->- 


0's  Correction. 

0  13^  and    30°,    M  118-5    N  13*3 
>  36°  and  118,  Dep.  69*4 

(mm)  82*7 

100  and  D.  Iiat  82*7,  Course  34^. 

3'  gives  2'*  5,  o®   2'  36^ 

56"  46 


Tbub  Dist. 


^o     3  16 

-o  35  3' 

-o  32  IS 

120  29  53 

119   57  38 


(of  the  Dep.  and  N)  hv  the  oonrectioii  of  alt.,  pointing  oif  two  more  dedmala  dkan  the  product 
contains.    The  seconds  may  either  he  taken  separatelj,  or  as  decimals  of  a  minute. 

This  process,  worked  however  roughly,  affords  a  check  against  a  mistake  in  using  the 
Traverse  Tahle. 


Ex.1  of  No.  842. 

Diff.  56*5 

)  corr.  of  alt.  45'  35^  45*6 


Prod.        2576*40 
Pointing  off  two  dec    25*76  or  2 5'  46 


Diff.  23*6 

0  corr.  of  alt  47*       47 

Plrod.        1 109*2 
Pointing  off  two  dee.     1 1  '09  or  11' 
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Bx.  X    App.  ah.  0  71^0  i  app.  alt.  >  17®  1' j  app.  diit.  71°  18' |i".     0  ooir.  of  alt. 
d  y6":  >  corr.  of  alt.  46'3o^    (Co.diat.  I7i^) 

>S7''aBa    i7|%     M  117*4    N     15-6 


0  72^ and  117,  Dcp.  iii'3 

95*7 
xoo  and  95*7,  Coone  17**. 

^e  44    o* 

301*  »9 


-44  19 
>  Sd  oonr.  7a'' and  46%    fX 

6  / 


+  1' 


07a®  and    17%      M  338-4,    N    94-1 
>  »7®  and  33IJ,  Pep.  153-0 

5*-9 
100  and  58*9,  Coone  54^ 

16",  0  oorr,  +0**  o'    9" 

— o  44  28 

-o  44   19 
7a    18   3> 

71    34    «S 


TrUB  DlMT. 


Kz.  4.  (Correcting  for  the  barom.  and  therm.)  Suppose,  in  Ex.  2  above,  the  barom.  ia 
30-7  in.  and  the  therm.  38^;  the  >  oonr.  of  alt.  will  be  46'  54'',  by  No.  655.  and  the  0'a 
.  of  alt.  4*9",  No.  651.  ;rr  »    /  ,  ^^ 

46' 


54- 


34  4» 
4« 

-35   »3 


4  3'  \f 

9  7 

+  3  a5 

TftUsDuT.  1 19*  5/ 56^ 


843.  The  following  examples  cxbibit  those  steps  only  which,  in 
proceeding  by  No.  842,  a  practised  computer  will  find  it  necessary 
to  write  down.  The  errors  are  marked  against  each  result  as  given 
in  Dr.  Inman's  '^  Navigation." 

Eat.  1.     ©  A.  alt.  as***©';   >  A.  alt.  as** 3/.     ©  oorr.  of  alt.  i' sa"|   >  oorr.  of  alt. 
4^  a  1" ;  app.  diflt.  104*  3/  49".     (Co-diat.  I4j<) 


114-4              "•! 

113-7              II-6 

49 

50-0 

(5»")        »9'  36" 

6i-i 

77^ 

13 

•#    .    «/ 

(sO 

+  o'»    1'    9" 

-»9  49 

4  .  4-4 

-0  29  45 

0 

—0  a8   36 
104  37  49 

Taux  Dist. 

104    9   13  (3"toofmaU> 

Ex.2.   A.ait.8pie.l^.  4r*o'|  A.  alt. 

>  69* 4S'.    #  ooir.  alt.  51"  {  >  ditto,  xt  39*. 

ilor.  par.  ss's  A.  dist.  55 

"46' 34.    (Co.dia< 

-H*.) 

35»*7 

185-3 

180-3            74-9 

a6a'3 

169*1 

13'  54* 

77"o 

«     .    ^       94-» 

30 

+o«   6'48* 

—14  24 

—0   14  aa 

0  -" 

-0   13   34 
55  46   34 

/ 

Tkux  Di«t. 

55   33    0  (19''  too  imaU). 

Bx.  S.    A.  alt.  ©  60^ 

39';  A.  alt.  >  54"*^ 
44'  5o^    (Co-dift. 

Li'.    ®  oonr.  ab.  »S" ;  >  eoir.  ^i  40*.   Hor. 

«r,5V47*;  A.diaL43* 

4«'.> 

175-1 

711 

a96*9           186-8 

«53*i 

170-4 

35'" 

8a  *o 

16-4 

33 

-o*  </    4* 

-55  45 

f } .»" 

-0  35  33 

-0  35  37 

43   44  50 

Tkub  DigT. 

43     9   13  (iT^tooamaUi 

It  is  evident  from  these  examples,  which,  with  those  before  given. 
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exhibit  a  sufficient  variety  of  cases,  that  the  method  is  accurate 
enough  for  navigation  in  the  open  sea. 

844.  Method  II.  By  Logarithms. — Set  do^m  in  order  the  sun's 
or  star's  app.  alt.,  the  moon's  app.  alt.,  and  the  app.  dist. ;  take  half 
the  sum,  and  subtract  from  it  the  first  term  in  order  (sun's  or  star's 
alt.);  call  the  rem.  the  1st  rem.;  subtract  the  second  term  in  order 
(the  moon's  alt.),  and  call  this  rem.  the  2d  rem. 

For  the  1st  Corr.  To  the  log.  cos.  of  the  moon's  app.  alt.  add 
the  log.  sine  of  the  app.  dist.,  the  const.  9*6990,  the  log.  sec.  of  the 
half  sum,  the  log.  cosec.  of  the  1st  rem.,  and  the  prop.  log.  of  the 
moon's  corr.  of  alt. :  the  sum  (rejecting  tens)  is  the  prop.  log.  of 
the  Ist  correction. 

For  the  2d  Corr.  Take  the  difference  between  the  moon's  corr. 
of  alt.  and  the  1st  corr.  Enter  Table  56  vrith  the  app.  dist.  and 
the  moon*s  corr.  of  alt.,  and  take  out  the  seconds.  Enter  again 
with  the  above  difference,  take  out  the  corresponding  seconds,  snd 
subtract  them  from  those  taken  out  before  :  the  rem.  is  the  2d  corr. 
Apply  this  corr.  as  directed  in  the  table. 

For  the  3d  Corr.  To  the  log.  cos.  of  the  sun's  (or  star's)  app. 
alt.  add  the  log.  sine  of  the  app.  dist.,  the  const.  9'6990,  the  log.  sea 
of  the  half  sum,  the  log.  cosec.  of  the  2d  rem.,  and  the  prop.  log.  of 
the  sun's  (or  star's)  corr.  of  alt. :  the  sum  (rejecting  tens)  is  the  prop, 
log.  of  the  3d  correction. 

(As  the  2d,  3d,  and  4th  logs,  are  common  to  the  two  correcUoos, 
it  will  be  convenient  to  take  the  sum  of  these  three  logs.) 

Subtract  from  the  app.  dist.  the  moon's  corr.  of  alt.  and  the  3d 
corr.;  add  the  1st  corr.,  the  sun's  (or  star's)  corr.  of  alt.,  and  apply 
the  moon's  2d  corr.  as  directed  in  Table  56 :  the  result  is  the  true 
distance. 

Ex.  1.     App.  alt.  0  47°  31  ;  app.  alt.  >  36^  $%  ;  app.  diat.  48°  20'  29".     Son's  oorr. 
6f  alt.  47";  moon's  corr.  of  alt.  45'  35". 


A.  Dist.         48°  ao'  2^" 
J  Corr.  Alt*   —45   35 
3d  Corr.  —  37 

47    34    «7 

Ist  Corr.  4>  19  45 

0  Corr.  Alt.         +  47 
>  2d  Corr.  +  10 

Trub  Dist.  47   54  59 


0  Alt.      47°  31'    coa.  9*8x96 

)  Alt.      36   52    cos.      9903 1  * 

Dist.         48  20    sin.       9*8733  \ 

132  43  9*6990 1  9*9690 

HalfS.      66   21     sec.       0*3967/ 
Ist  Rem.   18   50    cosec.    0*4910 

2d  Rem.    29   29     cosec.  0*3079 

45'  35"  pr-  log.  0*5965      47"  pr.  log     2*3613 

1st  Corr.   19  45   pr  log.  0*9596      3d  Corr.  37",  2*4678 
Diff.*    26 
A.  Dist.  48*,  and  )  Corr.  Alt.  46',  Tab.  56,    16" 

26,  - 6 

2d  Corr.    4-  10 

■  • 

Ex.  2.    App.  alt.  032^  36',  app.  alt.  ^  65°  22',  sq^p.  dist.  81°  15'  51';  0*8  oorr.  of 
alt  22'  27^^,  ^  's  oorr.  of  alt  i'  22'':  required  True  Distance. 

1st  Corr.  37",  2d  Corr.  o,  3d  Corr.  o,  Tbu«  Dibt.  8o*»  55*  23". 

Ex.  3.    App.  alt  3|c  50^  44',  app.  alt  >  27°  $d,  app.  diet  93°  9'  6",  >  's  corr.  of  alt. 
50'  25",  ;(c  corr.  of  alt  47". 

1st  Corr.  4'  45",  2d  Corr.  o,  3d  Corr.  9",  Trc«  Dist.  92°  24'  4* 

*  This  diff.  is  the  moon's  corr.  of  dist  by  the  method  No.  842.    The  sun's  or  star'  ^  oorr 
of  dist.  ia  found  in  like  manner,  thus ;  47"—  37*  —  16"  (agreeing  within  i")» 
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[2.]  The  Rifforoui  Method. 

845.  In  ibis  method  we  iind,  by  calculation,  tbe  true  distance 
directly  from  tbe  apparent  distance  and  apparent  altitudes. 

(1.)  Take  botb  the  app.  alts,  to  tbe  nearest  even  or  odd  minute, 
take  tbeir  sum,  and  call  tne  supplement  of  it  tbe  1st  supplement. 

Subtract  from  tbis  suppl.  tbe  moon's  corr.  of  alt.,  and  add  to  it 
the  sun's  or  star's  corr.  of  alt. ;  call  the  result  tbe  2d  supplement. 

(2.)  Take  out  tbe  Logarithmic  Difference,  Table  73. 

Take  tbe  app.  dist.  to  tbe  nearest  even  minute.  Mark  tbe 
seconds,  if  taken  in  excess,  to  be  subtracted^  or  if  omitted^  to  be  added 
afterwards.  To  tbis  add  tbe  1st  suppL,  take  the  half  sum,  and  from 
ihe  half  sum  subtract  tbe  app.  dist. 

Add  tbe  log.  sines  of  tbis  half  sum  and  remainder  to  tbe  log.  diff. ; 
the  sum  (rejecting  tens)  is  the  log.  sine  square  of  an  auxiliary  arc  x. 

(3.)  Under  x  put  the  2d  suppL,  take  the  sum  and  tbe  diff.,  and 
half  tbe  snm  and  naif  tbe  diff. 

Add  together  the  log.  sines  of  tbe  last  two  terms ;  tbe  sum  is  the 
log.  sine  square  of  an  arc,  which  becomes  the  true  distance  on 
applying  the  resenred  seconds. 

Ex.  1.    A.  alt.  0  ^f  31';  app.  ak.  >  36^  51';  app.  dut.  48^  ao'  19^ 
Snn'a  oorr.  of  alL  47";  moon's  H.  P.  $8'  35";  moon's  corr.  of  alt  45'  35". 


e  Alt.  47''  32'  o 

>  do.   36   5a  o 

84.  14  o    1st  Sup.     95®  36'    o 

2dSnp. 

>  36»  50'.  H.  P.  58*, 

35^f  -45 
Log.  Diff. 


// 


94   S»    «» 

999579* 


e47^ 


-64 


9'9957»« 


A.  Dist.  48''  ao'  (29''  omitted) 

IstSnp.  95   36 

Snm  143   56 

HalfS.      71   58 
Rem.         23   38 


w       75'*4«'4«" 
td  Sup.  94  51    12 

Snm      170  40     o 
Diff.        19     2  24 

HalfS.    85  20     o 
HaifD.    9   31    12 


sme 


pts.for' 


9998558 

9*218363 

149 


47   54  3*    >u^  ><1*   9*217070 
add 29 

Tn.DisT.  47  55     1 


9-978124 
sine   9*603017 

sin.  sq.  9*576869 


*  75*  4«'  48" 

846.  It  is  useful  to  bear  in  mind,  as  a  check  against  a  gross 
mistake  in  clearing  tbe  dist.,  that  tbe  true  and  apparent  distances 
cannot  differ  by  more  than  tbe  tvm  of  tbe  corrections  of  altitude. 
Aeain,  when  the  moon's  alt.  is  equal  to,  or  less  than,  that  of  the 
other  body,  the  true  distance  is  less  than  tbe  app.  dist. ;  but  tb« 
contrary  dfoes  not  always  hold  when  tbe  moon's  alt.  is  tbe  greater. 

2.  Lunar  Observation  by  the  Sun. 

847.  The  Observation.  ( 1 .)  Tbe  alts,  of  tbe  sun  and  moon  are 
required  at  the  instant  at  which  tbe  distance  is  observed;  when, 
therefore,  tbe  obsenrer  has  assistants  provided  with  proper  watches, 
they  will  obtain  the  alts,  during  tbe  time  that  he  is  observing  the 
distance.     See  Nos.  560  and  561. 
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When  the  observer  is  alone,  he  will  first  observe  the  alt.  of  the 
body  farthest  from  the  meridian,  then  that  of  the  other  body,  aod 
then  the  distance ;  concluding  with  the  alts,  in  the  reverse  order  * 
As  precision  is  not  necessary  in  the  alts.,  one  observation  of  the  ait. 
will  generally  be  enough  at  each  time. 

The  time  by  watch  is,  of  course,  to  be  noted  at  each  contact. 

(2.)  To  observe  the  distance.  Set  the  index  nearly  to  the  dis- 
tance in  the  Nautical  Almanac,  at  the  nearest  estimated  Greenwich 
time ;  put  down  one  or  more  shades  to  screen  the  central  mirror, 
direct  the  sight  to  the  moon,  and,  holding  the  plane  of  the  instru- 
ment in  the  line  joining  the  two  bodies,  vibrate  it  slowly  round  the 
line  of  sight  as  an  axis  till  the  sun's  image  is  seen.  Make  a  contact 
roug;hly,  clamp  the  index,  put  in  the  tekscope  (previously  adjusted 
to  distinct  vision  by  the  moon),  and  complete  the  contact.  See 
note  §,  p.  164. 

The  relative  brightness  of  the  object  and  image  is  most  conve- 
niently adjusted  by  altering  the  distance  of  the  telescope  from  the 
plane  of  the  sextant  by  means  of  the  screw  for  the  purpose,  as  this 
motion  causes  a  greater  or  lesser  quantity  of  light  to  proceed  to  the 
eye  from  the  silvered  or  brio;htest  part  of  the  mirror. 

Observe  at  least  3  or  6  distances,  or,  with  the  circle,  3  or  5  pairs. 

When,  at  sea,  the  ship  has  much  motion,  the  observer  fixes  him- 
self firmly  in  a  corner,  or  lies  on  his  back  on  the  deck,  in  order  to 
remove,  as  much  as  possible,  the  sense  of  bodily  efibrt  and  inconve- 
nience which  disturbs  the  eye  and  the  attention. 

(3.)  For  precision  observe  the  moon's  true  bearing ;  if  she  is  near 
the  zenith,  observe  that  of  the  star  instead. 

848.  The  Computation. — (1.)  Having  reduced  the  alts,  to  the 
time  of  the  mean  of  the  distances,  No.  6o0,  find  the  Gr.  Date.  At 
sea,  the  6r.  Date  is  required  only  to  the  nearest  hour ;  but  if  the 
moon's  alt.  is  not  observed,  it  must  be  found  with  precision.  Reduce 
the  hor.  par.,  and  thence  the  semid.,  from  Table  40.  Augment  the 
semid..  Table  42.     For  precision,  correct  the  hor,  par.  by  Table  41. 

(2.)  Find  the  App.  Alts,  of  the  centres  by  applying  the  ind.  corr., 
dip,  and  semid. 

Correct  the  observed  distance  for  ind.  error,  and  add  the  semi- 
diameters  of  the  bodies:  the  result  is  the  apparent  distance. 

(3.)  Find  the  Sun's  Corr.  of  Alt.  by  subtracting  the  par.  in  alt. 
from  the  refraction.  Find  the  Moon  s  Cor.  of  Alt.  by  Table  39. 
Correct  for  the  therm,  and  barom.  whenever  these  instruments  rt** 
accessible.     Tables  32,  33. 

(4.)  Find  the  true  distance  by  No.  842,  844 ;  or,  for  precision. 
No.  845,  and  apply  the  corrections,  Nos.  852  and  853. 

(5.)  For  the  G.M.T.  Find,  in  the  Nautical  Almanac,  the  two 
distances  between  which  the  true  distance  falls.  Take  out  the  first 
of  these,  and  set  it  down  under  the  true  dist,  and  write  against  it 

*  The  reason  of  thiB  order,  as  a  general  rule  in  sach  cases,  is,  that  the  outer  hody  pre- 
serves uniformity  in  its  change  of  alt.  for  a  longer  time  than  the  other,  and  consequently  it.% 
alt.  may  be  reduced,  by  simple  proportion,  to  an  intermediate  time,  with  less  error  than  U>e 
all.  of  the  other  body.     See  No.  558. 
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iU  prop.  log.  given  la  the  Nautical  Almanac ;  note  also  the  time 
(that  is,  the  three  hours)  corresponding. 

Take  the  difFerence  between  the  two  distances  thus  set  down,  and 
from  its  prop.  log.  subtract  the  prop.  log.  taken  from  the  Nautical 
Almanac ;  the  remainder  is  the  prop.  lo^.  of  a  portion  of  time  to  be 
added  to  the  time  from  the  Nautical  Almanac.  The  result  is  the 
O.M.T.  of  the  true  distance. 

For  precisioD,  see  No.  866. 

The  G.M.T.  being  found,  the  long,  is  determined. 

Ex.  I.  H.M.S.  Eden,  April  7th,  183 1,  Ut  by  ace.  34''  30'  S.,  long.  42°  W.,  watch  flow 
oa  eke  ehron.  S**  i6*  31*;  chron.  slow  of  G.M.T.  ^  54"*  33*;  height  of  eye,  16  feet ;  ind. 
oofT.  ^f  36" ;  had  the  foUowing  obeervations  :  required  this  error  of  the  chronometer. 

TtaDei  bf  Watdi.  Alt^  Alt.0  OittanoBi 


i»k57-a4« 39®  a' 

la     "     ' 

I 
I 
I 


47"  33' 


5«   36  

I  a9 66^0'  8"  (the  mean  of  three  nghU.) 

5  47 47   5» 

8    18 36  4a 

Rednctnii  of  the  Altitndea  to  the  time  1^  i*  a^*. 


T  39'  »'. 

3^  4>» 

a   ao 


la*  57*»4% 
I      I   a9 

I     8    18, 


4"  5* 

10  54 


1-644 


-5«' 

39     * 

Moon'i  Alt.    38   10 


0  47^  33 , 
47   5*. 


oh  58- 36% 
I      I   a9 

I     5  47» 


a"  53* 


7    " 


>9 


+  8* 

47   33 

Son's  Alt.    47  41 


«*79i 

8-6ot 
0*976 
T372 


Redaoed  Obi.-Tlme,  1*  i-a9»;  Alt  ^J  38**  10';  Alt  047*41';  Obi.  Diat.  66**  o' 8*. 


Time  by  Watch 
Watch  alovr  of  Chron. 

Time  of  Obt.  by  Chron. 
Chron.  alow 


8    16 


9 

4 


17 
55 


Or.  Date,*  7th 

Ind.  Gorr.  —  8' 
Dip  —  4 

-,6  1  -.a8 


14   la 
a   la 


>  H.  P.  on  the  7th,  noon,       56'  34'' 

midnt.      56   59 

Var.  in  la^  25 

Prop.  Part  for  a*,  4",  H.  P.     56   38 

Correap.  Sem.  is'a6",  aug.  do.  15' 35''. 


ObB.0 

Ind.  Corr.  —  8' 
Dip  -  4 

Semid.         +16 


47^1' 


+  4 


)  App.  Alt.  37  4a 

>  App.  Alt.  37"*  40',    H.P.  56% 

apt^  —  a"\ 
38'^  +30  } 
>  Corr.  of  Alt 


.»/ 


©App. Alt  47  45 
43'    5 

+  a8 


Obs.  Diat. 

Ind.  Corr.  -  /  36" 
>  Sem.     -f  15 
0  Sem.      4-15 


66* 


36") 
59  )   + 


8' 


»3  5« 


App.  Diit.  66  a4 
Refr. 


0  App.  Alt.  48*, 
Par.  in  Alt 

0  Corr.  of  Alt. 


S3' 
47 


43   33 
Clearing  the  Diitance  (Ko.  842),  to  the  End. 


>  Alt  37|%  and  Co-diit  asi"* 

M  137-5.  N     33*4 
0  474®  and  137-5  Dep.     101-4  (gr.) 

(Diff.)    68 -o 

)  let  Corr.  —  a9'37" 

>2dCorr.44',     8"}corr.  +5" 
30»      3  J 


©  Alt  47*  and  a3°,  M  159*3.  N  45*5 

37°  and  159    Dep.  95-7  (gr.) 


0  Corr. 
>  2  Com. 

+  o«   o'a4" 
—0  a9   3a 

50'a 

A.Dist 

—0  a9     8 
66  a4     6 

TmeDiat. 
Do.  at  ofc 

65   54  58 
67     0     8 

p.  log.  -305. 

I     5    10 

p.  log.  -4412 

jh  I  in  35* 
T.  of  Pr.  Diat   0 

p. log.  '1361 

G.M.T. 


a    II   35 


*  In  working  by  an  approximate  method,  an  expert  computer  will  infer  the  Gr.  Date 
at  once,  and  perform  many  other  parta  of  the  computation  with  little  or  no  writing. 
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The  vatch  beiog  slow  of  the  ehron.  8^  i6"  31%  the  time  at  the  obe.  by  the  cbroo.  is 
I*  I"  29^  +  8*  16"  31%  or  9*  18"  o^;  the  ehron.  is  therefore  7*  6"  %6^  fiut,  or  4*  53*  35" 
slow  of  the  G.M.T.  Now,  by  Table  58,  an  error  of  i  in  the  dist  eauaes,  in  this  ease»  an 
error  of  a"  8", in  the  O.M.T. ;  benoe  the  result  may  be  considered  as  oonfirming  the  error 
of  the  ohron.  nearly  enough.* 


Ex.  S.  Sept.  a8th,  1878,  at  3^  ii*  40^  p.m.,  M.T.  at  ship ;  in  lat  48**  50'  N.,  long.  aoc. 
146^  55^  W. ;  obtained  the  mean  of  7  distances  between  sun  and  moon  34^  4^  16^',  obs.  alt. 
022^  37',  obs.  alt  JKl  18*'  7';  height  of  eye  16  feet. 


Gr.  Date,  Sept  28'  12^  59-  20^ 
yu  Red.  H.P.  60'  35" 

Aug.  Semid.  16   37 

0's  alt  aa^*  49'  Ret      2' 18" 

Par.        -8 

O'soorr.  of  alt  2  10 


App.  Dist 
0's  App.  Alt 
2's  App.  Alt 

i8«»  20'  H.P.  do' 
>*s  Corr.  of  Alt 


35* 


350  2or  54« 

22  49 

18  20 

54'    4- 

•»'33 

54   37 


Clearing  the  Distance  by  Na  844. 


0  App.  Alt  22^49    0<"*  9*9^4^ 

J  App.  Alt.  18  20  coa.    9*9774 
App.  Dist  35  21  sin.     97624^ 

76  30  9-6990  >  9'S^^ 

Half  Sum     38  15  sec    0*1050  J 
1st  Rem.      15  26  coeec.o'5749 

8d  Rem.       19  55  eosec.  0*4677 

Corr.  Alt     54^  37^  P.L.  0*5179  a' lo'^P.L.  1*9195 

1st  Corr.      41  34  P.L.o*6366  SCor.a  10  P.L.  1*9182 
Diff.       13     3 

Dist  35®  55'  Corr.  38^ 
13  2 

Sd  Corr.     •!>  36 


App.  Dist.  35^20'  54*^ 

jCor.Alt54'37'\  .,5^7 
SdCorr.      a  10  /      ^^  ^^ 


Ist  Corr. 
0's  Corr.  Alt. 
SdCofT. 

34  ^4    7 

+  4«  34 
•f   2  10 

+       36 

True  Dist 
At  la* 

35     8  a? 

34  34  33  P.L.2417 
0  33  54  P.L. 7251 
0*59-  8'P.L.4834 

12 

M.T.G. 
M.T.a 

28' 

28' 

12  59    8 
'   3  "  40 

Long. 

9  47  a» 

- 146*  52'  W. 

Ex.  8.  Sept  1st,  1878,  at  4*  40*  4-  p.m.,  M.T.  at  ship ;  lat  3**  %  N.,  long.  aee. 
I*'  5'  W.,  oba.  alt  Q  ao«»  o',  obsi  alt  T|  62®  30',  obs.  dirt  di®  26'  26";  height  of  eye  18 
feet 


Gr.  Date,  Sept  i'  4*'  44"  24* 

>•*  Red.  H.P.  59'  38" 

Aug.  Semid.        16   31 


0*s  Alt  20'  12* 
0*s  Corr.  of  Alt 


Ref.     2'  37* 
Par.        -8 

2  29 


App.  Dist  6i«58'5i" 

0'n  App   Alt.     20  12 
>'s  App.  Alt      62  42 

62<>  40'  H.P.  59'  26'  36' 

3«"     +^8/      "^'^ 
>*s  Corr.  of  Alt  26   52 


»  The  Nautical  Almanac,  before  18S4,  was  computed  for  apparent  time;  the  above 
result  is  therefore  Greenwich  app.  time.  This  does  not,  however,  in  any  way  aflect  thm 
value  of  a  mere  example. 
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Cle&ring  the  Distance  by  No.  844. 


QApp.  Alt  lo^ift' eos,  9*9714 

>  App.Alt.6a  42    eo*.     9*6615 

sin.     994591 
96990  \ 

see.     0*5204  J 
cosee.  0*1020 

9  444 
«6'52"    P.L.  0826 1 


App.  Pitt.   61  59 
»44  53 


Half  Sam 
1st  Rem. 
2d  Rem. 
Corr.  Alt. 

1st  Corr. 

DUE 


72  26^ 

5a  >4 


01653 


cosec.  0*7716 


2'  29''  P.L.  i;86o2 

31  39     P.L.  07549  SCor.o'i  8^  P.  14.2*7695 


4  47 


DisL  62^*    27'  Corr.  4" 
8d  Corr.     -1-4 


App.  Dist.  61^58'  51* 

>Corr.Alt.26'52*'\      ^^  ,^ 
Sd  Corr.       o  18  J  "^7  «o 

61   31  41 

+  31  39 
+   2  29 

+   04 


Itt  Corr. 
0*s  Corr.  Alt 
SdCorr. 

True  Dist 
At  3^ 


M.T.G. 
M.T.S. 

Long. 


I* 
I* 


6»    5  53 

6i     7  3^  P.L.  2541 

o  58  15  P.L.  4900 

i*44"33"P.L.»359 
J 

4  44  33 
4  40    4 


4    9 
=  io    2'  15"  W. 


Ex.  4.  Sept  30th,  1878,  at  4^  44"*  46'  p.m.,  M.T.  at  ship,  lat  17^  9' S.,  long.  ace. 
■02<*  40'  W.;  obs.  alt  0 16^  12';  oba  alt  J^73^  14';  obe.  dist  60^  22'  59";  height  of  eye 
i6lcct 

G.M.T.  Sept  30*  1 1*  35"  26»,  eorr.  H.P.  58*  59^  aug  semid.  16'  21*,  ©'■  «PP'  «'*• 
16®  24',  >'s  app.  alt  73®  26',  app.  dist  60**  55'  21";  0*s  corr.  of  alt  3'  8",  3's  corr.  of  alt. 
16'  32",  true  dist  61**  i</  36".  Long.  102®  47'  30"  W. 

3.  Lunar  Observation  by  a  Star  or  a  Planet 

849.  7%e  Observation. — Take  the  alts,  as  directed.  No.  847.  In 
taking  the  distance,  direct  the  view  to  the  star,  make  the  contact 
nearly  between  the  star  and  the  illuminated  edge  of  the  moon,  whether 
it  be  the  nearest  or  farthest  liqib;  clamp  the  index,  put  in  the 
telescope  preyiously  adjusted  to  distinct  vision  by  the  star,  and  com- 

{>lete  tne  contact  by  bisecting  or  splitting  the  star  upon  the  moon's 
imb.* 

When  the  moon  is  bright,  it  is  necessary  to  use  a  shade. 
The  setting  of  the  index,  No.  847  (2),  is  a  more  important  step 
in  observing  with  the  star  than  with  the  sun,  for  the  amount  of  distance 
is  often  the  only  security  for  employing  the  right  star. 

For  precision,  note  the  azimuth  as  directed  No.  847  (3). 

850.  The  Computation.  (1.)  Proceed  by  No.  848  (1).  For  a 
planet,  take  out  the  hor.  par.  flx>m  the  Nautical  Almanac,  and 
reduce  it 

(2.)  Find  the  app.  alts,  as  in  No.  848  (2). 

For  the  app.  dist.,  correct  the  observed  dist.  for  ind.  error.  When 
the  nearest  limb  is  observed,  add  the  moon's  semid. ;  when  the  farthest, 
sfd>traetiU 


*  It  has  been  reooramended  to  ohsenre  the  star  open  of  the  moon's  edge,  learing  a  dark 
space  of  about  40'.  Bnt  this  dark  space  will  appear  diiferently  hi  different  telescopes ;  and, 
moreoFcr,  it  is  better  to  be  in  the  prsctice  of  observing  accurately  than  loosely. 

Hie  inaccoracy  which  arises  in  bisecting  a  planet  when  it  is  not,  as  we  should  say  of  the 
moon,  at  the  fall,  is  but  small ;  since,  even  in  the  case  of  Venns,  the  only  planet  which  ever 
appeal*  as  a  crescent  when  olMerred  with  the  moon,  it  can  scarcely  exceed  6'  or  8'.  It  has 
been  proposed  to  correct  for  this  by  a  special  computation. 
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(3.)  Find  the  star's  corn  of  alt,  which  is  the  refraction.  For  a 
planet,  apply  the  par.  in  alt.  from  Table  45.  For  the  moon,  take 
her  corr.  out  of  Table  39.  For  precision,  correct  for  the  height  of 
the  barom.  and  therm. 

(4.)  Find  the  true  distance,  and  proceed  as  in  No.  848  (4),  to  the 

end. 


Ex.  JiUy  i6th,  i8i6,  near  midnight,  Ut.  by  aoc.  17*  5'  N.,  at  a*  34"  M'  by  the  cbron., 
oha.  alt.  jj[  zf  "'j  oba.  alt.  Fomalhaat,  la"  51';  oba.  diat  fartheat  limb,  70°  i'  10'. 
Ind.  oorr.  ~ao' ;  height  of  eye,  16  feet :  required  the  error  of  the  chron.  anppoaed  fast  on 
G.M.T.  !•»  6"  »5«. 


Time  by  chron. 

Chron.  faat.  

Q.D,  6th,  paat  midnt.     i   28 


Oba.  Alt  It 

Dip    -  4l 
Sem.  -I- 16  / 

>  A.  Alt. 


35^ !»' 
+  ia 


35  »4 

35''ioi',  andH.P.  59', 

4.        -  *') 
41't       ■»-33  i 
J  Corr.  of  Alt. 


ji  34<" 
I     6 


H.P.  i6th.  midnight      59'  4a' 
I7tb,  noon  59   35 

Var.  in  la*     7 

Red.  H.P.  59  41 

Correap.  Sem.  16'  16' ;  Aug.  do.  16'  aT'. 


Oba.  Alt  3|i 
Dip 

3|i  A.  Ah. 


46'  47' 
+  3« 


47   18 


la'  51' 

-4 
la  47 

4t  Alt. 


ObB.  Diat. 
Ind.  Corr. 
)  Sem. 

A.  Dist. 


7o«    i'  10' 
—20 
—  16  27 

69  44  *3 


3|i  Corr.  of  Alt 


4  !»' 


Clearing  the  Diatanoe  (by  No.  842)  to  the  End. 


)  35|^  and  ao^,    M  130*7   N.  a6*o 

3|i  13**  and  131       Dep.  a^rs  (gr.) 

3"5 
>  lat  Corr.  - 1'  36' 

>2dCorr.{+^;f}      4-6 


^i3^andao^,    M  109'a    N.    8*4 

>  35^  and  109       Dep.  62-5  (gr.) 


3|i  Corr. 
>  2CorT8. 

A.  Diat. 

True  Diat. 
Diat  at  Mid. 

G.M.T. 

T.  by  Chron. 

Error,  ybfl 


+  0^ 
— o 


a'  12- 
I   30 


+0 

0 

4* 

69 

44 

»3 

69 

45 

5 

70 

3> 

»5 

46 

10 

1* 

26" 

•55* 

2 

34 

»3 

54' I 


p.  log.  -2747 
p.  log.  '5909 
p.  log.   *3i6a 


7    18 


Ex.  i*  Sept.  7th,  1838,  V.M.,  hut  3®  2'  N.,  long.  4^  o"  W.,  at  12^  57*  8*  by  watch,  oba. 
flye  diatanoaa  of  the  moon'a  neareat  limb  from  Aldebaran,  27°  47'  12'.  App.  alt  sfi  26°  3a' ; 
app.  alt  >  53°  34' ;  watch  alow  9*  17*  of  M.T. ;  ind.  corr.  *i'  10' ;  required  the  longitude. 

>  red.  H.  P.  59'  48' ;  true  dUt,  by  No.  845,  28®  3/  17'  5  diat.  at  XV*,  29**  4/  47'. 

Long.  59**  56'  W. 

Ex.  3.  Sept  2d,  1840,  P.M.,  lat  3"*  a'N.,  long.  6o''o'W.,  at  8*  48"  39*  by  watch, 
obtained  the  mean  of  5  diatancea  between  Saturn  and  the  moon'a  neareat  limb,  89^  42'  55^ ; 
Ind.  oorr.  *i'  25';  watch  alow  of  M.T.  7"  33*;  app.  alt.  >  53^  3';  app.  alt.  Sat.  a3^  34'. 

>  ted.  H.  P.  60'  44' ;  true  diat.,  by  No.  845,  89''  56'  1 1' ;  dUt.  at  IIP,  89^  i'  31'. 

LoNO.  60®  i'  W. 

Ex.  4.  July  14th,  1878,  at  2*  10"  O"  a.m.,  M.T.  at  ship,  lat  22^  o'  S.,  long.  aec. 
z4^°  30'  £.,  obs.  alt  Antares  19^  33',  obs.  alt  J^S}^  4^\  <^*  <iut  near  limb  79^  2 a'  49% 
height  of  eye  24  feet. 
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G.M.T.  July  13*  4*  la-,  corr.  H.P.  56'  41".  au;.  aemid.  15'  19*,  *  app.  alt.  19^  28', 
>'«  app.  alt.  51**  59'  app.  diat.  79®  38*  18'',  *  corr.  1  44",  ^'s  corr.  34'  9",  true  dist. 
79**  29'  41*.  Long.  149°  33'  E. 

Ex.  5.  June  19th,  1878,  at  4^  30*  a.m.  ;  M.T.  at  ship,  lat  %cP  10'  N.,  long.  ace.  75^  W. ; 
oIm.  alt.  Venus  23^  14',  obs.  alt  ^  52^  54';  ob&  dist.  near  limb  86°  45'  4f'',  height  of  eye 
16  feet. 

G.M.T.  Jane  18*  21*  30",  corr.  H.P.  55*7',  aug.  semid.  15*  I4'»  Venus'  app.  alt.  23®  10', 
3*8  app.  alt.  53<>  5^;  app.  dist  87*^  o'  58  ,  Venus'  corr.  2'  9",  3*a  corr.  32'  23",  true  dist 
«6*»  43'  4r.  LoH€u  75°  6'  is^'W. 

4.  Special  Corrections. 

m 

851.  W.hen  precision  is  required^  it  is  necessary,  besides  remcning 
from  the  distance  the  general  effects  of  refraction  and  parallax,  to 
applj  certain  corrections. 

[1.]  Corrtetim  Jttr  the  BO^Hetd  Figure  qfthe  IMfc. 

852.  Since  the  refraction  of  each  point  of  the  disc  of  the  sun  or 
moon  is  greater  as  the  alt.  of  such  point  is  less,  and  since  the  change 
of  refraction  is  proportional  to  small  changes  of  alt,  the  upper  and 
lower  halves  of  the  circular  disc  take  more  or  less  the  ngures  of 
ellipses,  the  lower  half  being  more  flattened  than  the  upper  half. 
The  distance,  therefore,  between  the  centre  and  the  limb,  as  it  would 
actually  be  observed,  is  less  than  the  horizontal  semidiameter  of 
the  Tables.  The  elliptical  figure  of  the  sun,  due  to  this  cause,  is 
often  conspicuous  at  rising  and  setting.  The  correction  in  Table  53 
is  to  be  subtracted  irom  the  semidiameter.* 

[2.]  Correeiimi  fw  the  Spheroidal  Figure  <if  the  Earth. 

853.  The  true  distance  found  from  the  data,  as  above,  is  deduced 
on  the  supposition  that  the  earth  is  a  sphere,  instead  of  a  spheroid. 
The  true  distance  found  is,  in  fact,  that  corresponding  to  a  sphere  of 
smaller  dimensions  than  those  circumscribed  by  the  equator,t  and 
to  an  horizon  differently  placed  with  respect  to  the  equator,  or  to 
another  latitude  than  that  of  the  spectator. 

Si%ce,  however,  the  mere  change  of  the  place  of  the  spectator 
would  cause  no  alteration  in  the  apparent  angular  distance  of  two 
stars,  the  change  of  distance  arises  solely  from  the  variation  of  the 
apparent  place  of  the  moon,  produced  by  the  changing  of  the  observer's 
astronomical  latitude  for  the  geocentric  latitude.  The  change  of  place 
of  the  moon  is  thus  in  general  the  resultant  of  a  change  both  of  her 
altitude  and  her  azimuth. 

This  correction  is  0  at  the  equator  and  poles,  and  is  greatest  in 
lat  46^.  As  it  cannot  much  exceed  -^  of  the  reduction  of  latitude, 
it  may  in  practice  be  omitted,  but  the  effect  rarely  disappears 
altogether. 

*  We  haTe  not  applied  this  oorrection,  becavae  at  low  altitudes,  the  only  case  in  which 
it  is  sensible,  the  obserration  is  not  to  be  depended  npon  within  such  small  quantities. 

t  The  correction  on  this  account  has  already  been  made  in  the  redaction  of  the  moon's 
cqoatorial  parallax. 
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864.  To  correct  the  distance. 

Enter  Table  56  with  the  lat.  and  the  alt.  90^,  and  take  out  the 
number. 

For  Part  I.  Enter  Table  6  with  the  complements  of  the  moon's 
azimuth  and  of  the  angle  at  the  moon  (found  by  No.  842  or  844),* 
and  take  out  M.     Divide  the  number  by  M. 

For  Part  II.  Enter  Table  5  with  the  moon*s  azimuth  and  the 
angle  at  the  moon,  and  take  out  M.     Divide  the  number  by  M. 

The  quotients  are  in  seconds,  and  are  to  be  applied  to  the 
distance  as  follows. 

NoU. — The  obwrrer  is  luppofted  to  fiu»  the  moon,  and  the  azimuth  ib  redconed  from  tiM 
8.  in  N.  lat,  and  from  the  N.  in  S.  lat 


Parti. 


)  tothe 
Eastward 


>  to  the 
Westward 


In  N.  Lat. 


Snn  or  Star 

to  the  to  the 
right      lift 


sub. 


add 


add 


sub. 


In  S.  Lat. 


Sun  or  Star 


to  the 
right 


add 


sub. 


to  the 


sub. 


add 


PartlL 


Angle 
at  Uie 

lew  than 
90° 


Angle 

greatir 

than  90'' 


Aiimuthoftfae  > 
less  than  90^ 


greater  than 

90° 


sub. 


add 


add 


sub. 


Ex.    Lat  48^  N. ;  moon's  alt  30" ;  star's  alt.  61^  $  dist.  54^;  moon's  aiim.  S.  7%**  E.  i 
and  the  star  to  the  right. 


The  angle  at  the  moon  is  34^. 
Tlie  number  in  Table  55  is  1 100. 

Co-as.  18°,  Co-ang.  56^        M  i88«o 
188  ' 


As.  7a*»,  Aug.  34®,  M  390 

■■  1",  eubtraeOve. 

390 

Hence  the  CoBRScnoN  is  —  9^. 


856.  When  the  moon  is  near  the  zenith,  or  when  her  alt.  exceeds 
80^y  with  the  lat.  and  the  compl.  of  the  star's  azimuth  as  an  altitude, 
take  out  the  seconds  from  Table  57,  and  divide  them  by  100 ;  the 
quotient  is  the  correction  required  in  seconds. 

When  the  star's  azim.  (reckoned  as  above)  is  less  than  99^, 
subtract  the  corr.,  otherwise  add  it. 


*  Since  the  angle  at  one  or  both  bodies,  which  is  given  by  the  method  No.  842,  is 
necessary  in  making  the  corrections,  No.  852,  853,  and  since  that  method  affords  both  an 
approximation  by  which  the  long,  by  ace.,  if  greatiy  in  error,  may  be  corrected,  and  at  the 
same  time  a  check  against  any  important  error  in  the  rigorous  process  itself,  it  will  be 
adrisable  to  employ  it  on  all  occasions. 

The  angle  at  the  body  may  be  found  firom  No.  844,  when  that  method  is  employed, 
thus : — Take  the  sum  of  the  logs.,  rejecting  the  const  9*€i990  and  the  prop.  log.s  the  ar.  00. 
log.  of  this  sum  is  the  log.  sine  square  of  the  angle  required. 


Ex.  No.  844. 
Sum  of  four  logs. 
AvQhM  at  >  55°  30 


0*664.1 
sin.  sq.  9*3359 


Sum  of  logs.  0*4075 

Anolb  at  ©  77**  11'     sin.  sq.  9*5915 
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[3.]  Otrrtettonfir  tht  Jheptality  qfihe  MoofCt  Motion. 

t$56.  Since  the  moon  does  not  generally  change  her  distance 
from  the  san  or  a  star  at  the  same  rate,  both  at  the  beginning  and 
end  of  3  hours,  it  is  often  proper  to  apply  a  correction  to  the  Gr. 
M.T.  found,  which,  in  the  extreme  case,  may  be  in  error  5(/  of 

long. 

When  the  distance  exceeds  26^,  this  correction  will  not  exceed 
15'  of  lone. ;  when  the  distance  is  near  9()^,  it  will  not  exceed  2^. 
In  general,  it  is  smallest  in  the  case  in  which  the  sun  or  star  is  in  a 
direction  perpendicular  to  the  line  of  cusps  or  horns. 

857.   Take  the  diff.  between  the  prop.  loes.  in  the  Nautical 

Almanac  against  the  two  distances  between  which  the  given  true 

dist  fidls.     With  this  diiF.,  and  the  portion  of  time  found  in  No. 

848  (5),  enter  Table  57,  and  take  out  the  seconds.     When  the  prop. 

logs,  in  the  Nautical  Almanac  are  increanng^  subtract  these  seconds ; 

when  decreasing,  add  them ;  the  result  is  the  M.  T.  at  Greenwich, 

corrected. 

£x.  1.    Dist.  in  Nant  Aim.,  preceding  ghren  ditt., 

12°  58^  11^    prop.  log.  3079 
foUowing  do.    24  56  56  do.   3054  (deereatinff) 

Diff.       as 
Diff.  15  under  Int.  is"*,  (add)    c^   o»  2* 

o  26     9 

COKKBCTSD  G.  M.  T.  O    26     II 

Ex.  2.    In  Ex.  2,  No.  850,  dirt.  29°  4/  47^  haf  the  prop.  log.  2527 ;  the  next  in  order 
"•I  asSi ;  the  diff.  54  gives  14*  to  be  nbtraettdt  and  the  long,  corrected,  59°  52'  W. 

868.   Degree  of  Dependance.    The  true  distance  is  affected  by 

errors  of  ofafiervation,  and  by  errors  of  computation.     An  error  in 

tjie  distance,  of  whatever  kind,  produces,  on  the  average,  about  30 

^'Qies  its  amount  in  the  longitude;    thus,  1(/'  error  of  distance 

produce  about  300"  or  6'  error  of  longitude. 

..  The  observed  distance  is  liable  to  the  ordinary  errors  of  angular 

distance,  the  chief  of  which  are,  perhaps,  most  usually  that  due  to 

ufi^t  of  parallelism  of  the  telescope,  and  that  arising  from  making 

^  <^ntact  above  or  below  the  centre  of  the  field.     Irradiation  is 

Ufto  included  in  the  errors  of  observation. 

859.  The  error  of  the  computed  result  arises  from  two  sources  ; 
tb6  errors  in  the  elements  of  the  observation^  and  those  of  the 
method  of  solution. 

(1.)  Under  the  first  of  these  heads  are  comprised  the  errors  in 
the  boriz.  par.  in  reducing  it  to  the  Gr.  Date,  and  for  the  figure  of 
the  earth,  the  error  of  the  tabular  semidiameter  ;*  and  that  of 
refraction  in  low  altitudes. 

(2.)  The  effects  of  errors  of  a  few  minutes  in  the  altitude  are  in- 
teosible.     Hence  an  ill-defined  horizon  is  no  great  detriment  to  a 

^^  Gnenwich  obtervitionB  shew  that  the  senudiuneter  of  the  moon,  as  grren  in 
^"^viai^'a  taUes,  ia  S''  too  smaU.— See  **  Green.  Obs."  1837. 
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good  observation ;  and  hence,  also,  in  computing  the  altitudes,  pre- 
cision is  not  essential.  This  last  remark  is  worth  attention,  since 
the  calculation  of  altitudes  is  a  heavy  addition  to  the  work  of  a 
lunar.  On  the  same  acccant  it  will  not  be  necessary  to  consider  the 
change  of  place  during  the  observation,  unless  the  second  alt.  of 
either  body  be  lost. 

(3.)  The  importance  of  correcting  for  the  barometer  and  ther- 
mometer has  been  noticed.  No.  838.  The  atmospherical  correction 
is  of  most  consequence  at  low  altitudes,  and  when  the  bodies  are  in 
or  near  a  vertical  plane. 

(4.)  The  smaller  corrections,  namely,  reduction  of  equatorial  pa- 
rallax, corrections  for  elliptical  disc,  for  the  figure  of  the  earth,  and 
for  unequal  motion,  cannot  all  be  applied  the  same  way  in  any 
observation ;  compensation  will  accordingly  take  place  to  a  consi- 
derable extent  even  when  these  corrections  are  omitted  altogether. 
It  will,  however,  be  advisable  to  apply  the  latter  correction,  No.  856, 
when  large. 

860.  The  error  of  the  method  of  solution,  No.  842,  may  be 
estimated  for  distances  exceeding  50*'  at  not  more  than  2(r,  in 
general,  or  1(/  of  long. 

Method  II.,  No.  844,  will,  in  the  same  cases,  be  more  accurate. 

861.  The  efiects  of  errors  in  general,  and  especially  constant 
errors  of  observation,  are  removed  in  a  considerable  degree  by  ob- 
serving equal  distances  on  opposite  sicks  of  the  moon,  since  the  errors 
of  the  resulting  longitudes  will  be  of  opposite  kinds.  The  true 
long,  will  not,  however,  be  the  mean  of  the  two  erroneous  longi- 
tudes, unless  the  moon  changes  her  distance  from  both  bodies  at  tne 
same  rate. 

When  the  two  longitudes  in  such  a  case  differ  widely,  add  thf 
prop.  log.  of  their  difierence  in  time  to  the  prop.  log.  of  the  greater 
motion  m  3  hours  (which  is  the  smaller  of  the  prop.  logs,  in  the 
Nautical  Almanac),  and  the  ar.  co.  prop.  log.  of  the  sum  of  the  two 
3-hourly  motions ;  the  sum  is  the  prop.  log.  of  a  portion  of  the  time 
to  be  applied  to  the  long,  obtained  by  the  star  whose  prop.  log.  is 
employed. 

Since  the  true  long,  must  fall  between  the  two  given  results,  it 
will  be  known  at  once  whether  to  add  or  subtract. 

When  the  sum  exceeds  3°,  read  the  degr.  and  min.  as  min 
and  sec. 

Ex.  The  long,  by  Regnliu,  in  a  otrtain  case  of  a  lunar,  is  i^  37"  15*;  hj  Antares, 
zb  ^m  ^gc .  ^^  distances  being  nearly  equal  on  opposite  sides,  and  observed  by  the  same 
obserrer  with  the  same  instmment.  The  3-hoaily  motion  of  Regulos  is  1°  45'  3 1",  that  of 
Antares  1°  y:f  %^" :  required  the  True  Long. 

Long.  Reg.   »*>37™i5*  3 -hour,  mot  i°45' 31"  p.  L   (i'45")  a'oioi 

Ant.    A  40  58  do.         1   30  29 

3   16     o  ar.  CO.  (3'  16")  8'*s88 

%  43  p.  1.  1*6851 

o^   a™  o»  p.  1.  1*0540 

>  37   15 
Ix>NO.  req.    2  39   15  (9*  more  than  the  mean). 
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862.  After  the  result  has  been  obtained  with  the  utmost  care, 

there  remidns  the  error  of  the  lunar  tables,  which  appears  to  be 

about  0^5  of  R. A.,  or  4'  of  long.     This  can  be  removed  only  by 

careful  examination  of  observations  of  the  moon,  made  near  the 

same  time  in  a  fixed  observatory.     In  general,  the  result  will  have 

more  value  as  the  moon's  horizontal  parallax  is  greater,  because  her 

motion  is  then  more  rapid ;  on  the  contrary,  the  result  is  of  less 

valae  as  the  horiz.  par.  is  less.     Since  the  changes  of  the  moon's 

R. A.,  at  their  maximum  and  minimum,  are  nearly  in  the  ratio  of  5 

to  3,  and  since  the  change  of  R.A.  is  in  a  considerable  degree, 

though  not  in  exact  proportion,  greater  as  her  distance  from  the 

earth  is  less,  it  is  evident  that  the  place  of  the  moon  at  the  time  of 

observation  materially  affects  the  value  of  the  result.* 


6.  Computation  of  the  Altitudes. 

863.  When  the  altitudes  are  not  observed  they  must  be  calcu- 
lated.   M.  T.  is  supposed  to  be  eiven. 

(1.)  Seduce  to  the  Gr.  Date  the  sid.  time  at  mean  noon,  also  the 
R.A.  and  decl.  of  each  body,  unless  one  of  them  is  the  sun,  in  which 
case  reduce  the  eauat.  of  time  instead  of  his  R.  A. 

(2.)  Find  the  nour-angles,  Nos.  609  to  612,  and  compute  the  alt. 
of  each  body,  No.  667.    See  No.  869  (2). 

For  the  apparent  altitudes.  Take  out  the  corrections  of  altitude 
to  the  true  alts.,  found  as  if  for  app.  alts.,  to  the  nearest  minute,  and 
apply  these  corrections  the  contrary  way  to  that  directed  in  the  rules, 
Nos.  644,  &c.t 

Sx.  Sept.  nth,  1838,  A.M.,  at  Fort  St  Joaqnim,  lat.  3°  %*  N.,  long.  4^  o"*  W.,  at 
r49*  4G^  l^  watch,  obtained  the  mean  of  fiTe  distanoea  of  the  son  and  moon,  82°  16'  51". 
'w-  ooiT.  —  55^ ;  watch  fitft  of  M.  T.  3"  a" ;  therm.  85^ ;  barom.  19*7  inch. 


T.hywatdi 
Watdiikat 

9»»  49"4o» 
-3     » 

>  H.  P.  nth,  noon 
midn. 

56'  56" 
56  32 

9  46   3« 

0  24 

M.T. 

Long.  W. 

Gr.  Date,  loth. 

11  46   38 

400 
15  46   38 

Red.  H.  P. 

0     3 
56   56 

56  53 

or  iith, 

I   46   38 

Semid. 

>5   30 

*  In  combining  the  results  of  different  obaenrations  for  the  pnrpose  of  dedndng  the 
kngitnde  of  a  place,  regard  would  be  had  to  this  and  other  circamstances  in  giving  a  different 
vdght  to  each  several  result.  The  final  determination  of  positions,  however,  by  means  of 
ohierrations  made  at  different  times  ani  under  different  circamstances ,  concerns  the  hydro- 
gnpber  or  geographer  rather  than  the  seaman  or  traveller,  and  is  not  a  subject  for  this 
▼olame. 

t  As  the  akitndes  in  a  lunar  are  not  required  with  precision,  Tables  43  and  44,  which 
*n  neoenary  to  remove  the  inaccuracy  of  using  the  true  alts,  as  arguments,  will  rarely  be 
caployed. 

It  will  be  pmds&t  to  verify  the  result  by  the  method  of  inspection  (see  Eipl.  of 
^ts  5),  in  order  to  avoid  entailing  any  material  error  on  the  whole  of  the  subsequent 
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Elements  for  oomputiiig  the  Altitades.* 


Sid.  T.  noon 

46-1,  7  f 
Red.  S.  T. 
M.T. 


33 

Eq.  ofT.     nth, 
I2th, 

Red.  Eq  T. 


1 1*>  »o"  14* 

17 

II   20,  31 
ai  46'  38 

7     9 


3"a3* 

3  44 
at 

r»4 


M.T. 

0  H.-ang. 
©  Ded. 


2i»»46-38» 
4  3   *4 
ai    so     a  \y. 

a     9   58 
40  3r  38-'N. 
4   »5  45  N. 


a*  53 

I  40 

4   3>  3> 

Red.  Ded.       4  36  58  N. 

P.  Dist.     8$  a3 


>  R.A.  nth,  I^ 


5*41' 
5  43 


•'4 
4* 


a  aX 


9'5"9 
1*8632 

0*5866 
o^  I*  55*  i'97a7 
5  41    14 


a-a8» 
46  38 


Red.  R.  A.   5  43 
33     7 
A. 


9 
9 


>  H. 

>  Ded. 
D.  13" 

>  Ded. 

P.  Dist 


a4     o 

a8»  36'  48"  N. 
I 

"aill 


61   22 


Computation  of  the  Altitudes. 


O  H.-A. 
Suppl. 

P.D. 
Col. 

Arc  X 


0  Tr.  Alt. 
Corr.  Alt. 
0  A.  Alt. 


2«     ^ 

'58- 

?     50 

2 

If 

23' 
58 

172 
146 

21 

36 

318 

a5 

57 
45 

>59 
12 

3»' 

28 
53 

29' 

57   3« 
+  I 

sin.  sq.  9*96461 


sme 
sine 


9-99859 
9*99939 


sin.  sq.  9*96259 


rine 
sine 


9-54500 
9-34824 


sin.  sq.  8*89324 


>  H.-A.  3^  24»  o* 

SuppL   8  36  o   sin.  sq.  9*91098 


P.D. 

Col. 


57  3» 


61**  22' 
86  58 

148  20 

Arc  X         115  21 

263  41 

3*  59 

131  50 

16  29 

54l45' 
)Tr.  Alt.  35  15 
Corr.  Alt.   —46 
>  A.  Alt   34  29 


sine 

9*94335 

sine 

9*99939 

sin.  sq. 

9"8537» 

sine 

9*87221 

sine 

9*45291 

sin.  sq. 

9*32512 

82**  16'  51 

-55 

82   15   56 

+  «5  55 

4  15   50 

+  9 

A.  Dist.  82  47  50 


57*  3»'. 

37" 

J   34°  20',  H.  P.  56', 

44' 5«" 

-5 

9             ^  -  4" 

»$',     —" 

3» 

53^  +43 

+  39 

«,          0 

—  2 

45   19 

0  Corr.  of  Alt. 

30 

''''  If) 

+  6 

)  Corr.  of  Alt. 

45   35 

Proceeding  to  dear  the  distance  bj  No.  845,  the  log.  diff.  is  9*996092,  and  the  true  dist. 
82''  4'  5 1".  The  next  dist.  preceding  is  82''  58'  33",  at  noon ;  and  the  6.  M.  T.  i^  47*°  o*,  or 
Long.  6o*>  5'  30"  W.f 

*  To  adapt  tiixs  form  for  computing  the  altitudes  to  the  case  of  a  planet,  put  the  planet's 
hor.  par.  in  tiie  place  of  the  equat.  of  time ;  and  in  the  next  column  the  planet's  R.  A. 

t  This  observation,  and  those  in  Examples  2  and  3  of  No.  850,  were  taken,  with  sereral 
others,  by  Sir  Robert  Schomburgk,  to  whom  I  am  indebted  for  them. 
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III.  Bt  the  Moon's  Altitude. 

864.  Since  Mean  Time  is  determined  by  the  hour-angle  and 
R.A.  of  a  celestial  body,  the  R.A.  may  be  determined  firotn  the  M.T. 
and  the  hoar-angle,  the  latter  being  computed  from  the  observed 
altitude.  Now  the  moon's  R.A.  being  given  in  the  Nautical  Alma- 
nac for  certain  points  of  time,  the  time  at  Greenwich  corresponding 
to  any  given  R.A.  of  the  moon  may  be  at  once  found. 

The  moon's  altitude  has  accordingly  been  often  thus  employed 
in  determining  the  longitude ;  but  the  method  requires  much  caution, 
because  an  error  of  altitude  produces,  in  the  hour-an^le  computed 
firom  it,  a  quantity  greater  than  itself,  except  in  the  single  case  in 
which  the  observer  is  on  the  equator  and  the  body  on  the  prime 
vertical,  when  these  errors  are  equal.  Accordingly,  since  an  error 
in  the  moon's  hour-angle  appears  in  its  full  amount  in  her  deduced 
R.A.,  and  since  the  ILA.  cnanges  at  the  rate  of  about  2*  only  in  an 
hour,  the  longitude  reouired  is  vitiated  to  the  extent  of  not  much 
less  than  thirty  times  the  error  of  altitude  in  the  most  favourable 


It  is  evident,  therefore,  since  the  place  of  the  sea-horizon  is  often 
doubtful  from  1'  to  <i^,  that  the  result  of  a  simple  lunar  altitude 
must  be  in  general  greatly  inferior  to  that  of  a  lunar  distance,  in 
which  a  good  observer  rarely  makes  an  error  exceeding  half  a 
minute.  %ut  as  many  persons,  who  are  not  sufficiently  expert  in 
the  lunar  observation  to  obtain  on  all  occasions  a  satisfactory  lon- 
gitude, are  nevertheless  capable  of  observing  altitudes  with  precision, 
and,  moreover,  as  the  stars,  when  the  air  is  not  very  clear,  are  oft:en 
too  faint  for  the  lunar  observation,  the  former  method  may,  on  some 
occasions,  prove  of  service,  provided  that  proper  steps  are  taken  to 
diminish  the  effects  of  the  errors  of  latitude  and  altitude. 

Since  on  the  equator,  when  the  body  is  E.  or  W.,  an  error  of  1' 
in  alt.  produces  an  error  of  4*  in  the  hour-angle,  and  an  error  of  8* 
in  lat.  60^  (or  in  the  ratio  of  the  secant  of  the  latitude  to  1 ),  the 
method  serves  better  in  low  than  in  high  latitudes. 

If  the  resulting  lon^tude  differs  much  from  the  long,  by  account, 
the  computation  should  of  course  be  repeated. 

866.  Limits.  The  azimuth  is  the  same  as  that  laid  down  for 
determining  the  time  by  a  single  altitude.  No.  778.  The  alt.  should 
in  general  not  be  less  than  6^  or  8^;  and  when  the  barometer  and 
thermometer  are  not  at  hand,  not  less  than  25^  or  30^,  especially  in 
very  cold  or  very  hot  weather. 

866.  ITie  Observation.    Observe  the  moon's  alt.,  noting  the  time. 

If  the  mean  time  is  not  accurately  known,  obtain  observations 
for  it.  ^ 

At  sea,  the  uncertainty  of  the  apparent  dip  may  be  removed  by 
referring  the  moon's  altitude  to  the  opposite  point  of  the  horizon,  as 
^^Ihs  to  that  under  her  (No.  635). 
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But  it  will  be  preferable  to  observe  the  difference  of  alt.  of  tlie 
moon  and  some  star  on  nearly  the  same  bearing,  and  to  apply  it  to 
the  star's  alt.  found  by  computation ;  for  the  time  may  sometimes  be 
more  nearly  known  than  the  lat.,  and  the  alt.  of  a  star  computed 
more  nearly  than  it  can  be  observed. 


For  Ex.  Suppose,  in  lat.  40°,  the  >  bearing  B.S.E.  (trae)i  that  the  place  of  the 
horizon  is  1*  30"  in  error,  and  the  time  in  error  5*.  Then  the  error  of  the  >  *b  compnted 
hour-angle  (wod  therefore  of  her  R.A.)  ^vill  be  9*  (No.  671),  and  the  resulting  error  of  long, 
about  4«  30*,  or  i**  4'  (Noa.  858,  864).  Now  the  error  of  the  computed  alt  of  a  star  E,  or 
W.  due  to  an  error  of  5*  will  here  be  56"  (No.  671) ;  hence  the  error  of  the  long.,  as  deter- 
mined by  the  moon's  alt  referred  to  this  star,  will  be  diminished  in  the  proportion  of  i'  30" 
to  56",  that  is,  from  64'  to  40'. 

867.  The  Computation.  (1.)  Find  the  Gr.  Date,  and  reduce  to 
it  the  Sid.  T.  at  mean  noon,  the  moon's. decl.,  and  thence  her  pel. 
dist.9  her  hor.  par.,  and  semidiameter ;  correct  the  hor.  par.  by 
Table  41. 

(2.)  Add  the  M.T.  to  the  red.  Sid.  T. ;  the  sum  (rejecting  24^  if 
it  exceed  24^)  is  the  R.  A.  of  the  meridian. 

(3  )  Correct  the  alt.* 

(4.)  Compute  the  moon's  hour-angle.  No.  614. 

(6.)  When  the  moon  is  to  the  E.  of  the  meridian,  add  her  hour 
angle  to  the  R.A.  of  the  mer.    If  the  sum  exceed  24**,  reject  24K 
When  to  the  W.,  subtract  the  hour-angle  from  the  B.A.  of  tbe 
mer.,  increased,  if  necessary,  by  24^ :  the  result  is  the  moon's  B.  A. 

(6.)  For  the  G.  M.  Time.  Set  down  in  order  this  R.A.,  that 
preceding  it,  and  that  following  it  (from  the  Nautical  Almanac) ; 
take  the  diff.  between  the  1st  and  2d,  and  between  the  2d  and  3d, 
adding  24^,  if  necessary,  to  effect  the  subtraction. 

To  the  constant  0*4771  add  the  prop.  log.  of  the  first  of  the  difis. 
and  the  ar.  co.  prop.  log.  of  the  2d ;  the  sum  is  the  prop.  loff.  of  a 
portion  of  time  to  be  added  to  the  hoar  at  Green,  of  the  middle  one 
of  the  three  right  ascensions :  the  sum  is  the  G.  M.  T. 


Ex.  i.t 

obs.  alt.  "T 
barom.  30*0 

M.T. 

33^13'W. 

Gr.  D. 

Sid.  T.  5th, 

9- 
33' 
Red.  S.  T. 
M.T. 

R.  A.  Mer. 


Jan.  5th,  1839,  lat-  f®  54'  o"  S.,  long,  by  ace.  33°  13' W.,  at  lo"*  56"  4jo»-S  M.T., 
30® 6' 20"  to  the  W.;  ind.  corr.  —35*;  height  of  eye,  la  feet;  therm.  82*5 
inches:  required  the  longitude. 


20k 

56-41- 

+  2 

12 

5» 

»3 

9 

33 

18 

57 

34-8 

3 

46-7 

1-5 
•I 

'9 

I 

231 

20 

56 

40*8 

15   58     39 


J  DecL  5th,at23\o°i6'39"S. 
Diff.  for  io»,  142" 

o°i6   39" 


140",  9i 


7'7 
1-9 


2   16 


33' 
9i" 
Red.  DecL  o    18   55  S. 

Pol.  Dist.  89  41     5 


H.P.  5th,  Mid.     54'a5'*a 
6th,  Noon    54   18  'o 

Var.  in  12^ 
7"*2  and  1 1  J"*, 

Eqnat.  H.  P. 
Corr.  Table  41 

Corr.  Semid. 
Augm. 

Aug.  Sem.  14   55 


7  •» 

0 
54 

6  -8 
25  -2 

54 

18  *4 
0 

H 

4« 
7 

*  It  cannot  be  worth  while  to  follow  the  2d  and  3d  precepts  of  No.  655,  unless  the 
observation  is  in  every  respect  such  as  to  afford  extreme  precision  in  the  result. 

t  These  examples  are  sidected  from  observations  made  by  Mr.  J.  C.  Bowring  on  board 
H.  M.  S.  Stag,  with  which  I  have  been  ikroured  by  Mr.  Pentland,  her  miyesty's  late  consul 
f;ereral  at  Bolivia. 
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3or^ 


Obi.Alt7 
Ind  Cqip.   — </  35*1 


3o'»  6'«>' 


Vtp. 


t9Vands4' 
7«*.    3"! 


-3  *o  J         -3   SS 
30     X  15 

-H   55 

App.  Alt     19  47  30 

45'  H" 
+  13 


Bir.3o        o 


) 


45  a** 


*  +45   33 

True  Alt.        30  33     3 


Alt.  300  33'  J- 

Lat.  4  54  o 

P.  Dist.      89  41   5 

las     8   8 

61   34  4 
3a     I    I 

Hour-ang.  3**  $j^z$*'z 

'5  58     3-9 
ILA.  >    1% 

At  13^,     II 
o,      » 


MC         0*001590 

oosec.  0*000007 

008.       9*663417 
nn,       9-724415 

Bin.  sq.  9*389429 


G.  M.  T. 

M.T. 


o  38  '7 
o  13  *9 
ft     8*3 

o^    8»3o»'3 

»3 

23     8   30  '3 
20  56  40*8 


o"i4»*8 
»  44 '4 


0-4771 
2*8632 

7-9853 
13256 


Long,   a   11  49*5  or  32®  57' W. 

An  error  of  ]■  of  R.  A.  would  produce  here  34*  or  8|'  eiror  of  long.^  as  the  R.  A.  changes 
W7  slowly.  An  error  of  i'  of  alt.  would  cause  4*  of  R.  A.  and  34'  of  long.,  and  an  error  of 
'  of  Jat.  only  o**i  of  R.  A.    The  moon's  azim.  is  87"^. 

£x.  2.    Jan.  Z3d,  1839,  bt.  20®  57'  10"  N.,  long,  by  aoc.  42**  39' W.,  at  3*  32-  lo"  M.T. 
l^^^^  4*  15'  a8"  to  the  E.    Ind.  oorr.  + 1'  xf  i  linght  of  eye,  12  feet :  required  the 


^'*  Date,  23d    6fc  22»46« 

Bed.S.T. 
*-^  Mer. 


*o     9   35  7 


23  41  457 

>  Corr.ofAlt 

)  TraeAlt. 


Red.DecL 
PoLDist 


4x'  26" 


2i«>42'  15'  N. 


68 


'7  45 


Eqnat.  H.  P. 
Red.  do. 
Corresp.  Sem. 
Aug.  Sem. 


58*  42"- 1 
58  40  -8 
26     o 
16   11 


42  50   10 


Hour-angle    3*  23"27**o 

J  R.  A.         3     5   12  '7 

Do.  at  6i>        3     ^  20  *2 

3     6  41*8 

G.  M.T.    6'»22»i5« 

Long.    2   50     5  or  42^  31' W. 


A* 


((Hl^j^  error  of  1*  of  R.  A.  produces  here  25*,  or  6'  error  of  long. ;  an  error  of  i'  of  alt.  pro- 
7^*  4-^3  error  of  R.  A.,  or  2/  of  long. ;  and  an  error  of  1'  of  lat.  causes  0**9  of  R.  A.,  or 

868.  When  two  or  three  observations  are  taken  on  the  same 
0ide  of  the  meridian  and  prime  vertical,  the  true  long,  is  not  the 
mean  of  the  results,  but  is  nearer  to  that  which  is  furthest  from  the 
meridian. 

When  two  observations  are  taken  on  opposite  sides  of  the  meri- 
dian and  on  the  same  side  of  the  prime  vertical,  the  right  ascensions 
resulting  will  be  affected  in  different  ways  by  the  same  errors  of 
altitude  and  latitude,  and  the  true  long,  will  be  between  the  two 
results. 

869.  Degree  of  Dependance.  This  is  determined  bv  the  effects 
produced  on  the  bour-an^le  by  given  errors  in  the  alt.,  fat.,  and  pol. 
dist.,  No.  615.  It  is  evident,  from  the  remarks  above,  that  unless 
considerable  care,  and  some  skill,  are  devoted  to  diminishing,  accord- 
ing to  the  circumstances  of  the  case,  the  effects  of  errors  of  latitude 
and  altitude,  it  cannot  be  prudent,  notwithstanding  the  occasional 
success  of  observations  of  this  kind,  to  depend  upon  the  result  as 
nearer  than  |  of  a  degree. 
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On  shore,  when  the  lat.  and  time  are  accurately  knowii  the 
result  may,  with  proper  attention,  be  more  satisfactory. 
No.  862  applies  to  this  observation. 


IV.    By  AN  OCCULTATION. 

870.  The  moon  in  her  perpetual  revolution  round  the  eartli 
necessarily  passes  over  every  star  or  other  body  in  her  path  at 
certain  periods.  The  disappearance  of  a  star  or  planet,  called  the 
immersion^  and  the  reappearance  from  behind  the  body  of  the  moon, 
called  the  emersion^  being  instantaneous,  the  phenomenon  affords  the 
means  of  determinine  the  longitude  at  all  places  where  it  is  visible. 

At  the  instant  of  occultation  the  apparent  R.  A.  of  the  moon*8 
limb  is  the  same  as  the  R.  A.  of  the  star ;  the  effect  of  the  parallax 
of  the  moon  being  removed  by  computation,  the  true  R.A.  is  de- 
duced, and  the  G.M.T.  thence  found. 

871.  This  observation  affords,  in  favourable  cases,  the  most 
decisive  results,  because  it  is  both  instantaneous  and  altogether 
independent  of  instrumental  adjustments.  On  board  ship  the 
motion  prevents  the  telescope,  which  is  almost  always  necessary, 
from  being  kept  steadily  directed  to  the  moon,  and  in  consequence 
the  method  has  been  very  rarely  practised  at  sea.  The  precise  in- 
stant of  the  phenomenon  is,  however,  not  necessary  in  all  cases ;  it 
is  enough  that  the  observer  is  certain  that  at  one  instant  he  sees  the 
star,  and  that  at  another  he  does  not  see  it;  because  the  whole 
resulting  error  in  the  time  of  observation  in  this  case,  and  therefore 
in  the  lon^tude  itself,  cannot  exceed  the  time  elapsed  between  two 
sights  of  the  moon. 

872.  The  M.T.  at  Greenwich,  at  which  the  moon  and  the  star 
to  be  occulted  are  in  conjunction  in  R.  A.,  is  set  down  in  the 
Nautili  Almanac,  as  also  the  parallels  between  which  the  pheno- 
menon is  visible. 

As  it  would  require  a  distinct  calculation  to  learn  beforehand 
approximately  the  time  at  which  the  phenomenon  will  take  place, 
the  observer  may  content  himself  with  finding,  from  the  long,  by 
ace,  the  time  at  place  of  the  conjunction ;  he  must  then,  at  an  early 
opportunity,  single  out  the  star,  and  watch  the  progress  of  the  moon 
towards  it.  In  general,  when  the  star  is  to  the  eastward  of  the 
observer  at  the  time  of  conjunction,  the  phenomenon  occurs  before 
that  time;  when  to  the  westward,  it  occurs  afterwards. 

1.  Occultation  of  a  Star. 

873.  TTie  Observation.  Note  the  instant  of  immersion  or  emer< 
fuon  as  nearly  as  possible. 

874.  The  Computation.  (1.)  Find  the  Green.  Date,  and  reduce 
to  it  the  Sid.  Time  at  mean  noon,  the  moon's  declination,  hor.  par., 
and  semid. ;  reduce  the  hor.  par.  by  Table  41. 
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(^.)  Find  the  geocentric  latitude  by  subtracting  from  the  lat. 
(he  reduction  of  lat..  Table  52.  From  the  time  at  place  find  the 
star's  hoiiT-angle,  No.  611. 

(3.)  For  arc  A.  To  the  prop.  log.  of  the  reduced  hor.  par.  add 
the  log.  cosec.  of  the  geocentric  lat.  and  the  log.  sec.  of  the  star's 
decl. :  the  sum  is  the  prop.  log.  of  arc  A. 

For  arc  B.  To  the  prop.  log.  of  the  red.  hor.  par.  add  the  log. 
sec  of  the  geoc.  lat.,  the  log.  cosec.  of  the  star's  decl.,  and  the  log. 
sec.  of  the  hour-angle :  the  sum  is  the  prop.  log.  of  arc  B. 

For  arc  C.  Add  together  the  prop.  log.  of  the  red.  hor.  par., 
the  log.  sec.  of  the  geoc.  lat.,  and  the  log.  cosec.  of  the  hour-angle; 
double  the  sum^  add  to  it  the  const.  1*582,  and  the  log.  cot.  of  the 
star's  decl. :  the  sum  is  the  prop.  log.  of  arc  C. 

(4.)  When  the  lat.  and  decl.  are  of  the  tame  name,  add  A  to  the 
star's  decl. ;  when  of  contrary  names,  subtract  it. 

When  the  star's  hour-angle  is  less  than  6\  subtract  B  from  the 
star's  decl.;  when  greater  than  6^,  add  it. 
Subtract  C  from  A. 

Call  the  result  the  prepared  declination. 

(5.)  For  Part  I.  of  the  D  's  Parallax  in  R.  A.  Take  the  diff. 
between  the  moon's  decl.  and  the  prepared  decl.;  under  this  diff. 
pnt  the  semid. :  take  the  difi'.  and  sum.  Add  together  the  log.  cos. 
of  the  prepared  decl.,  the  const.  1*1761,  half  the  prop.  logs,  of  the 
diff.  ana  sum :  the  sum  is  the  prop.  log.  of  Part  I. 

For  Part  II.  Add  together  the  log.  cos.  of  the  prepared  decl., 
the  const.  1*1761,  and  the  sam  of  the  3  logs,  used  in  arc  C :  the  sum 
is  the  prop.  log.  of  Part  II. 

When  the  moon  is  on  or  near  the  meridian,  this  Part  disappears. 
(6.)  Apply  Parts  I,  and  II.  to  the  star's  R.  A.,  thus  : — 
Part  I.  In  an  immersion^  subtract ;  in  an  emersion^  add* 
Part  II.  When  the  D  is  to  the  E.  of  the  Mer.,  subtract ;  when 
AV.,  add.    The  result  is  the  moon's  R.  A. 

(7.)  Find  the  G.M.T.,  as  directed.  No.  867  (6.) 

Ex.    Dec.  9th,  1823,  lat.  9"  40'  S.,  long,  by  ace.  29®  51' W.,  at  7"  ip"  57*  M.T.,  ob 
Ted  the  immersion  of  »  Aqnarii,*  W.  of  the  meridian  :  required  the  longitude. 


■erred 


9*"  19' 


»3» 


Gr.  Date,  9th 

Red.S.T.atm.n.  17    11    13*7 
M.T.  7   19    57 


#  Decl. 

>  Red.  Decl. 


5°   7'43''-6S. 
5   16  12  *6 


Star'iRA. 
Hoar-angle 


14   3» 

22   28 


107 
39 


I.     2    31  '7 

Arc  A. 
JJP.54'38"p.log.  0-5178 
Geoc.  Lat  coaea  0*7777 
♦  DecL     tec.  '  0*0017 

P.  log.        1*2972 
^A,        +9'  4".8 
B&C-    4     8-8 

+  4  56  'O 
(I)eeL  S.  lat.  S.  add.) 


ArcB. 


0-5178 
0*0061 
1 '04.87 
0*0653 


sec. 
cosec. 
Hour-angle  sec. 

P.  log.       1*6379 
B,-4'8"-5 

(Hour .angle  leu  that  61* 
subtract.) 


Red.  Eq.  H.P.        54' 38*07 
Red.  H.  P.  54  3S  '04 

Semid.  14  53  '4 

Lat  9^  40' 

(Tab.  52)  Cor.    —3  4' 
9   36  19 
ArcC. 

o-5»7« 

O'0o6i 

Hour-angle  cosec.    0*2928 

0*8167 

0*8167  X  2 "•1*6334 
Const  1*5820 

:|e  Decl.  cot         i  '0469 

C,— o"*3p.log.     4*2623 


*  This  occoltation,  kindlr  furnished  me  by  the  Hon.  Capt.  F.  De  Roa*  R.N.,  is  gifn 
•"•'^^ng  been  observed  by  him.  at  sea,  in  H.M.  frigate  Creole. 
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Part  II. 


Part  I. 

Prep.  Decl  5    12  39  *6         oot.      9*9982 
3  Dccl.      5    16  22  '6        eoDst.  1-1761 

Semid.  14  53  '4 

DifT.  II    10  '4  ^  pro.  log.  0*6035 

Sam.  18   36  *4  I  pro.  log.  0*4928 

— o   57  '9     pro.  log.  2*2706 
{Subtract,  being  immer.) 


Cos.  of  Prep.  Decl.  9*99^^ 

Const.  1*1761 

Sum  of  3  logs.  Arc  C.  0*8167 

Pt.  II.  +  1™  50»*2    p.  log.  1*9910 

Pt.  I.  —o   57*9 

+      5*  3 

*  R«A.        22    28    39 

J  R.A.      22   29   31  '3  .     „  ^  4''7> 

At  9"         22   28  55*7  o'35  -6  »-4«»o 

At  loh        22   30  45  -1  »  49  '4  >^'c<^6c 

o   19  30*3  p.  log.  9657 

J 

G.M.T.  9   19  30  '3 

Ship  M.T.  7    19   57 

Long,  in  time      1    59  33*3  or  29°  5 3*1 9"  W. 

Ex.  2.  Jan.  7th,  1836,  Bedford,  lat  52°  8'  28"  N.,  long.  ace.  i"  W.,  at  10*  45"  53**2  M.T. 
obaeiYed  the  immersion  of  t  Leonis,  £.  of  the  meridian :  required  the  Longitude. 

Gr.  Date  ioi»47«  Red.  S.T.  19*  6"  8»*5,  star's  R.A.  io»'  23™  26«*4,  decl.  14"  58'  38''*8  N., 
>  led.  decl.  i<°49'4o"N.,  H.P.  55'  ^4"*9,  Scmid.  15'  i6"*i,  geocen.  lat.  51°  57'  19". 

Arc  A.  42'^33",  C.  3'2i"*5,  C.  2'^-3.  Prep.  decl.  i5''37'48''o.  Part  L  39**9,  Pt  IL 
2"  i2»*6.  )  R.A.  lo"*  20'»  33*-9.  At  lo"*,  lo'^  i8'"  55**5 ;  at  ii**,  lo"*  20"  58»-5. 
G  M.T.  io*»  48"  o».    By  corr.  of  Part  I.  io»»  47"  45*. 

2.  Occultation  of  a  Planet. 

875.  The  Observation.  The  planet  having  sensible  semidiameter, 
the  phenomenon  does  not  take  place  instantaneously.  Note  the 
in<ttant  of  final  disappearance,  or  the  instant  of  reappearance. 

876.  The  Computation.  Subtract  the  planet*s  horiz.  parallax 
from  the  reduced  horiz.  parallax  of  the  moon.  Also  subtract  its 
semid iameter  from  the  moon's  semidiameter.  In  other  respects 
proceed  as  for  a  star. 

877.  Degree  of  Dependance.  A  small  error  of  Gr.  Date  will  not 
sensibly  affect  the  moon's  parallax  or  semidiameter,  and  the  de- 
clination is  the  only  element  liable  to  sensible  error;  Part  I.,  there- 
fore, is  alone  affected. 

To  find  the  error  in  the  lon^.  in  time,  caused  by  1"*  error  of 
Gr.  Date.  Find  the  change  of  aecl.  in  1*°,  add  it  to  the  diff.  of 
declin.,  and  recompute  Part  I. :  the  diff.  between  the  result  and 
Part  I.,  as  computed  before,  is  the  diff.  or  error  of  R.A.  The  error 
of  long,  in  time  will  be,  on  the  average,  30  times  greater.* 

If  the  star  pass  very  near  the  moon*s  upper  or  lower  limb,  die 
observation  is  not  good. 

The  inequality  of  the  moon*s  surface,  and  an  imperfect  estimation 
of  the  figure  of  the  earth,  may  cause  small  inaccuracies. 

The  cases  least  liable  to  error  on  the  several  accounts  enumerated 
are  those  which  occur  when  the  moon  is  near  the  nleridian,  and  in 
which  the  central  zone  of  the  moon  passes  over  the  star.  The  emer- 
sion from  the  dark  limb  is  the  case  most  distinctly  marked. 

No.  862  applies  to  this  observation. 

*  Hence,  to  obtain  the  long,  in  time  tme  to  1'  or  IS'',  the  parallax  in  R.A.  moat  be 
true  to  0"*003.  This  remark  ahews  the  difficulty  of  obtaining  extreme  predsion  from  any 
•ingle  obeervation. 
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V.   Bv  Eclipses  of  Jupiter's  Satellites, 

878.  The  eclipse  or  disappearance  of  a  satellite  in  the  shadow  of 
^<^e  planet,  called  the  Immersion^  or  the  reappearance  after  eclipse, 
^'led  Emersion^  being  a  phenomenon  which  takes  place  at  the  same 
*Mute  point  of  time  wherever  the  spectator  may  be  placed,  affords 
*  ready  method  of  finding  the  longitude. 

The  diagrams  of  the  positions  of  the  planet  and  its  satellites,  as 
^^  in  N.  lat.,  and  other  necessary  information,  are  given  in  the 
r^^utical  Almanac.  The  figures  must  be  reversed  in  S.  lat.  It  will 
'^^  convenient  for  the  observer  to  bear  in  mind,  that  when  Jupiter 

comes  to  the  meridian  before  midnight,  the  whole  eclipse   (both 

immersion  and  emersion)  takes  place  on  the  E.  side  of  the  planet ; 

when  after  midnight,  on  the  W.  side.     In  an  inverting  telescope  this 

will  appear  to  be  reversed. 

879.  The  Observation.  The  telescope  should  have  a  magnifying 
power  of  not  less  than  40,  and  the  observer  should  be  ready  some 
minutes  before  the  time  of  observation,  estimated  by  applying  the 
long,  by  ace.  to  the  time  in  the  Nautical  Almanac. 

The  sun  should  not  be  less  than  8^  below  the  horizon,  nor  Ju- 
piter less  than  8^  above  it,  for  the  phenomenon  to  be  distinctly 
visible. 

880.  The  Computation.  The  difference  between  the  M.  T.  at 
place,  found  by  observation,  and  that  at  Greenwich,  is  the  long. 

Ex.  Oct.  6t]i,  iSzi,  Dear  Igloolik,  lat.  69°  21'  N.,  immersion  of  the  ist  satellite, 
lok  29"*  33%  M.T.  The  M.T.  at  Gr.,  in  the  Nantical  Almanac,  is  1$^  56"  o*;  the  diff., 
5*  26"  27*,  long.  W. 

881.  Degree  of  Dependance.  This  method,  though  easy  and 
convenient,  is  not  very  accurate;  the  eclipse  is  not  instantaneous; 
and  the  clearness  of  the  air,  and  the  power  employed,  affect  consi- 
derably the  time  of  the  phenomenon.  Observers  nave  been  found 
to  differ  40*  or  50*  in  the  same  eclipse. 

The  observation  may  be  considered  complete  only  when  the  im- 
mersion and  emersion  of  the  same  satellite  are  observed  on  the  same 
evening,  and  as  nearly  as  possible  under  the  same  circumstances. 
Thus,  if  the  satellite  disappear  a  little  sooner  than  if  the  air  had 
^n  clearer,  it  will  emerge  a  little  later  from  the  same  cause,  and 
tbeiDean  of  the  two  results  may  be  near  the  truth. 

The  first  satellite  is  preferable  to  the  others  on  account  of  tho 
greater  rapidity  of  its  motion. 
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CHAPTER  VIII. 

Finding  the  Variation  of  the  Compass. 

I.  By  the  Amplitude.    II.  By  the  Azimuth.    III.  By  Astro- 
momical  Bearings.    IV.  By  Terrestrial  Bearings. 

882.  The  Variation  is  found  by  comparing  the  bearing  of  the 
sun  or  other  celestial  body^  as  shewn  by  the  compass,  with  the  true 
bearing  as  found  by  calculation. 

883.  When  the  time  is  known^  the  body  may  be  observed,  in  the 
simplest  cases,  at  its  passage  of  the  meridian,  at  which  time  it  bears 
due  N.  or  S.,  or  at  its  passage  of  the  prime  vertical,  when  it  bears 
due  £.  or  W.  In  other  cases,  the  true  azimuth  may  be  found  by 
calculation. 

When  the  time  is  not  given  the  azimuth  may  be  determined  by 
observation  of  the  altitude.  When  the  altitude  is  nothing,  or  the 
body  is  on  the  horizon,  as  at  rising  or  setting,  it  is  usual  to  refer  the 
bearing  to  the  prime  vertical,  the  angular  distance  from  which  (or 
tlie  complement  of  the  azimuth)  is  called  the  amplitude.  The  azi- 
muth may  also  sometimes  be  determined  from  the  observed  difference 
of  altitude  in  a  measured  interval  of  time. 

The  following  rules  are  arranged  more  particularly  for  observa- 
tions of  the  sun ;  but,  after  the  explanations  and  precepts  already 
given,  no  difficulty  will  occur  in  adapting  them,  when  necessary,  to 
observations  of  other  celestial  bodies. 


I.  By  the  Amplitude. 

884.  This  method,  which  is  particularly  convenient,  is  available 
twice  a-day  in  fine  weather,  and  at  all  seasons  of  the  year. 

885.  The  Observation,*  At  sunrise,  when  the  upper  limb  ap- 
pears on  the  horizon,  observe  its  bearing,  and  contmue  to  take 
hearings  of  the  centre,  bisecting  the  sun's  disc  by  keeping  the  up- 

*  The  usual  instructions  for  taking  an  amplitude  direct  the  sun  to  be  observed  when  his 
lower  limb  is  half  way  between  the  centre  and  the  horixoni  at  which  time  he  is  really  on  the 
horizoui  No.  433.  But  as  it  is  not  easy  to  seize  the  bearing  at  the  required  instant,  and  still 
less  so  to  observe  several  bearibgs  equally  distributed  on  both  sides  of  the  proper  position, 
which  is  essential  to  a  correct  result,  the  sun  is  commonly  observed  a  whole  diameter  too 
low.  The  observation  as  recommended  above  is  more  convenient  in  practice,  and  the  error 
arising  from  not  observing  the  sun  at  the  instant  to  which  the  true  amplitude  corresponds 
(No.  446  r  1)  ,  is  removed  by  the  correction. 
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right  wire  on  the  upper  limb,  until  the  lower  limb  appears.     Read 
oti'  eacn  bearing.      At  sunset,  when   the  lower  limb  touches  the 
horizon,  proceed  in  like  manner,  until  the  upper  limb  disappears 
See  No.  221. 

The  mean' of  the  readings,  reckoning  from  the  E.  or  W.  point,  is 
the  observed  amplitude. 

886.  The  Computation^  by  Inspection.  (1.)  Enter  Table  59  with 
the  Lat.  and  Declin.,  take  out  the  amplitude,  and  mark  it  of  the 
same  name  as  the  Declin. 

(2.)  Take  from  Table  69  A  the  correction.  If  this  does  not 
amount  to  nearly  1^,  it  may  in  general  be  omitted. 

At  Rising.  In  N.  lat.  apply  the  corr.  to  the  right  of  the  ob- 
served amplitude.     In  S.  lat.  apply  it  to  the  left. 

At  Setting.  In  N.  lat.  apply  the  corr.  to  the  left  of  the  ob- 
served amplitude.     In  S.  lat.  apply  it  to  the  right. 

(3.)  When  the  observed  and  true  amplitudes  are  both  N.  or  both 
S.,  their  difference  is  the  Variation.  If  one  is  N.  and  the  other  S., 
their  sum  is  the  Variation. 

Then,  the  observer  being  in  the  centre  of  the  compass,  when  the 
observed  amplitude  is  to  the  left  of  the  true,  the  Variation  b  East ; 
when  to  the  right,  it  is  West. 


Ex.  1.  Jane  loth,  lat.  17^  N.,  long. 
25°  W.,  obaerred  son's  amplitade  at  setting, 
W.  40^  N. :  required  the  Variation. 

Lat.  17"*,  Ded.  if,  Amp.   W.  24**  N. 

Obs.  W.JO   N. 

Var.     16  W. 

Ex.  2.  June  toth,  lat.  36^  40'  S.,  long. 
17^  W.,  obtained  sun's  amplitade  at  settingi 
W.  ix^'3  N. :  required  the  Variation. 

Lat  36*7,  DecL  23*-o,  Amp.  W.  »9®-i  N. 
37*'and»3%Corr.o*'-7      \    w   m -o  N 
Obi.  Amp.  W.  12  -3  N./    ^'  '2J^  '^• 

Yak       16  -2  E. 


Ex.  3.  May  28th,  lat.  47°  N.,  long. 
18®  W.,  observe  the  sun's  amplitude  at 
rising,  E.  10°  N. 

Lat.  47°,  Decl.  aii^  Amp.    E.  32®' 5  N. 
So*»and  2a",  Corr.  0^-9       J   „         ^    ^ 
Oba.  Amp.  E.      10  -o  N. )  ^'     9    '  «• 

Var.       23  ^W. 

Ex.  4.  Sept.  25th,  lat.  7''  N.,  long. 
151°  E.,  observed  ue  sun's  amplitude  at 
rising,  E.  4°  N. :  required  the  Variation. 

Lat.  7°,  Decl.  1®,  Amp.         E.  1®  S. 
Obs.  Amp.        E.  4  N. 

Var.      y  E. 
TVb  Corr.  here  U  o. 


The  correction  in  Table  59  A  is  the  same  for  a  star  or  a  planet 
as  for  the  sun,  and  is  applied  in  the  same  way.  When  the  moon  is 
employed,  the  correction,  which,  in  the  case  of  the  sun  or  a  star, 
inTolvefl  the  sum  of  the  dip  and  horizontal  refraction,  is  the  excess  of 
her  horizontal  parallax  over  this  sum.  As  the  moon's  hor.  par.  is 
1^,  and  the  refraction  4®,  in  round  numbers,  this  excess  is  about  J°, 
which  IS  nearly  the  quantity  employed  in  Table  69  A.  This  cor- 
rection, therefore,  serves  for  the  moon,  but  it  must  be  applied  the 
contrary  way  to  that  directed  for  the  sun. 

887.  ITie  Computation,  Accurately. 

(I.)  Find  the  Greenwich  Date  and  reduce  the  declination  tc  it. 

(2.)  To  the  log.  sec.  of  the  lat.  add  the  log.  sine  of  the  declin. : 
the  sum  is  the  log.  sine  of  the  amplitude.  Apply  the  correction  as 
above. 
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888.  Degree  of  Dependance.  In  low  latitades  the  amplitude.^ 
SQsceptible  of  much  precision ;  in  high  latitudes  refraction  renders 
the  result  less  certain.  The  relative  temperature  of  the  sea  and  the 
air  produces  no  effect  on  the  observed  amplitude. 

The  observation  of  the  amplitude  is  independent  dF  error  in  the 
verticality  of  the  sight-vane<,  and  is  not  sensibly  affected  by  an  ordi* 
nary  error  in  the  horizOntality  of  the  compass-bowl  or  card  at  the 
instant  of  observation. 


IL  By  the  Azimuth. 

889.  When  the  sun  is  low  his  bearing  is  more  conveniently  ob- 
served than  when  he  is  high,  and  it  is  at  the  same  time  less  affected 
by  an  error  in  the  verticality  of  the  sight-vanes,  or,  which  is  the 
same  thing,  in  the  horizontality  of  the  compass-bowl  (No.  222  (4)). 
The  observation  of  the  azimuth  will  not  therefore  be  practised  in 
cases  of  great  altitude,  except  from  necessity. 

This  remark  applies  to  all  observations  at  sea  in  which  the  sight- 
vanes  are  used;  for  the  verticality  of  the  sight-vanes  cannot  be  cor- 
rected by  observations  on  board  ship,  and  the  glass,  or  upper  edge 
of  the  compass-bowl,  cannot  at  all  times  be  preserved  strictly  parallel 
to  the  card. 

It  is  also  to  be  noted  that  the  observation  of  the  azimuth  does 
not,  like  some  others  (No.  495  (3),  for  ex.),  afford  the  means  of  veri- 
fy^^g,  s^t  the  time,  the  adjustments  involved  in  it.  Thus,  if  the 
sight-vanes  are  inclined  to  the  plane  of  the  card,  it  will  always  be 
possible,  in  taking  the  sun*s  azunuth,  to  throw  the  shadow  of  the 
wir6  upon  the  dark  line,  by  turning  the  compass  in  azimuth  towards 
the  opposite  side  to  that  on  which  they  are  inclined, —  that  is,  to  a 
position  in  azimuth  erroneous  in  a  corresponding  degree.  This 
error,  which  cannot  be  detected  from  a  single  observation,  will,  how- 
ever, always  be  indicated  by  the  discrepancy  of  azimuths  observed 
on  different  sides  of  the  meridian. 


1.  By  Azimuth  on  the  Meridian, 

890.  The  Observation,  When  the  sun  approaches  the  meridian 
observe  the  azimuth,  either  by  direct  vision  or  by  keeping  the 
shadow  of  the  upright  wire  upon  the  central  dark  line,  and  contmue 
observing  till  the  same  time  after  noon.  The  mean  of  the  readings 
is  the  observed  azimuth.     See  No.  221. 

When  the  sun  is  observed  to  the  southward,  if  the  observed 
bearing  is  to  the  E.  of  8.,  the  variation  is  E. ;  if  to  the  W.,  it  is  W. 
When  he  is  observed  to  the  North,  the  contrary  in  each  case. 
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2.  By  Azimvihfrom  the  Short  Double  Altitude, 

891.  The  true  azimuth  is  obtained  from  the  observation  of  the 
short  double  altitude,  p.  238,  without  regard  to  the  apparent  time. 

Case  1.     Observations  on  the  same  side  of  the  meridian,  No.  729. 

892.  The  Observation.  Observe  the  sun's  azimuth  during  the 
nterval  between  observing  the  alts.,  so  as  to  obtain  it  at  the  middle 
of  the  interval.     See  No.  221. 

893.  The  Computation.  Having  corrected  the  alts,  and  taken 
their  difference,  No.  729  (1),  add  together  the  log.  sine  of  the  diff.  of 
alts.,  the  log.  cosec.  of  the  interval,*  and  the  log.  sec.  of  the  lat: 
the  sum  is  the  log.  sine  of  the  azimuth  at  the  middle  time  from 
noon,  nearly. 

£z.    (Ex.  I,  p.  240.)    Lftt.  34''  40'  S.,  diff.  of  alts.  59'- 1,  intemd  20"  12*. 

D.  Alt.    cP  59'*  1  sin.      8*2353 

Int        20"*  12*  cosec.   1*0554. 

Lat.       34"  40'  sec.      0*0849 

Azimuth     13°}      sin.      9*3756 
Tliii  azimuth  compared  with  that  observed  would  afford  the  Yariatiou. 

894.  Degree  of  Dependance.  By  adding  to  the  result  the  dift. 
for  30"  in  the  sine  of  the  D.  alt.,  the  effect  oh  the  azimntb  of  4' 
in  the  diff.  alts,  is  seen,  and  the  effect  of  an  error,  or  small  variation, 
of  the  D.  alts,  estimated.     See  also  No.  679. 

Case  II.    Observations  on  different  sides  of  the  meridian.  No.  731 . 

895.  The  Observation.  Observe  the  san's  azimuth  when  at  the 
alt.  nearest  noon.     See  No.  221. 

896.  The  Computation.  Having  found  the  time  from  noon  of  the 
greater  alt.,  to  the  log.  sine  of  this  time  add  the  log.  cos.  of  the 
declin.,  and  the  log.  sec.  of  the  greater  alt. ;  the  sum  is  the  log.  sine 
of  the  azimuth  at  the  time  of  observing  the  greater  alt. 

Ex.    (Ex.  I,  p.  241.)    Time  from  noon,  ti"  59%  decl.  5^^,  greater  alt.  49^41'. 

T.  from  noon  ii"j9»  sin.  8*718 

Ded.  54^  COB.  9*998 

Great  alt.  49°  41'  sec.  0*189 

AziifVTH  44°  sin.  8*905 

3.  jBy  Azimuth  from  Equal  Altitudes. 

897.  The  true  azimuth  may  be  obtained  directly  from  the  obser- 
vation of  equal  altitudes  at  sea,  for  time,  No.  798.  The  azimuth, 
being  computed  as  directed  in  No.  801,  and  compared  with  that 
observed  at  one  or  both  of  the  times  of  equal  altitudes,  determines 
the  variation.  The  altitude  is  required  with  more  precision  than  for 
finding  the  time  by  the  method,  No.  798, 


*  When  it  is  intended  to  find  the  Variation  by  this  method  at  the  same  time  as  the 
Latitude,  it  will  be  convenient  to  take  the  sum  of  these  three  logs,  first.  The  five  logs, 
employed  in  No.  729  will  thus  aflbrd  two  distinct  results. 
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This  method  is,  however,  not  always  eligible,  because  in  low 
latitudes,  where  the  observation  of  equal  altitudes  is  favourable  for 
the  determination  of  time,  the  altitudes  near  noon  are  great,  and 
therefore  unfavourable  for  the  observation  of  the  azimuth.  See 
No.  889. 

4.  By  Azimuth  on  the  Prime  Vertical, 

898.  The  Observation.  Having  found  by  Table  29  either  the 
app.  time  or  the  altitude  at  the  instant  of  the  passage  of  the  prime 
vertical,  begin  to  observe  a  little  before  that  time,  and  continue 
observing  till  the  same  time  afterwards.     See  No.  221. 

The  mean  of  the  readings,  when  it  is  not  accurately  E.  or  W., 
is  the  variation. 

A.M.  If  the  sun  bear  to  the  northward  of  E.,  the  variation  is  E.; 
if  to  the  southward,  it  is  W. 

P.M.  If  the  suri  bear  to  the  northward  of  W.,  the  variation  isW. ; 
if  to  the  southward,  it  is  E. 

899.  As  a  celestial  body,  when  on  the  prime  vertical,  changes  its 
azimuth  more  slowly  than  at  any  other  time,  an  error  in  the  appa- 
rent time  will  be  of  little  consequence,  and  the  method  will  be  found 
one  of  the  most  convenient  in  practice  in  high  latitudes  during  the 
six  months  that  include  the  summer. 

5.  By  Azimuth  deduced  from  an  Altitude, 

900.  The  Observation.  Take  bearings  ofthesun^s  centre  (No. 22 1), 
noting  the  time  of  each  reading.  Take  an  alt.  as  soon  as  convenient 
before  and  after  the  bearings,  noting  the  times. 

901.  The  Computation.  (1.)  Having  found  the  mean  of  the 
azimuths  and  of  the  corresponding  times,  reduce  the  airs,  to  the 
mean  of  the  times.  No.  660,  reduce  the  decl.,  correct  the  alt.,  and 
find  the  azimuth.  No.  673  or  674. 


Ex.  Feb.  t9tih,  1828,  p.m.,  Baia  Bay,  Naplea,  lat.  40°  50' N.,  long.  iV  j'  E.,  Mr.FSaher 
obserred  the  mean  of  seven  azimuths  of  the  sun  by  Kater's  compaM,  N.  123°  14'  E.  (or 
S.  43^24' W.)    Sun's  true  alt.  33^34';  sun's  reduced  decl.  11°  14' S. 


ByEzpLTab.5f 
lat.  41°,  a 
Ded.  iij®,  dist.  159 


lat.4i°,alt.33|«  M  158-9    N  57-5 

Dep.  31*0  (1( 

Sum        88*5 


Dist.  100  and  D.  Lat  88*5  give 

oourse  or  A2.  S.  »8^W. 

Ditto  obsenred  43! 

Var.  isJW. 


6.  By  Azimuth  deduced  from  the  Time. 

902.  The  observation  is  already  described  in  No.  900. 
(1.)  Find  the  Green.  Date,  to  which  reduce  the  declination  and 
the  elements  employed  in  finding  the  hour-angle. 
(2.)  Compute  the  azimuth.  No.  675. 

Ex.1.  June  23d,  1829,  p.m.,  at  Constantinople,  lat.  4i®i'N.,  long.  28°  59' E.;  the 
mean  of  seven  times  by  chron.  4*'  43"*  1 5",  and  of  seven  azimuths  of  the  sun,  obsenred  by 
Mr.  Fisher  with  Kater's  compass,  between  286®  30'  and  288^,  was  N.  287®  16'  E.,  or  N. 
72«»44'W. 

Reduced  pol.  dist.  66°  33^ 


FINDING  THE  VARIATION  OF  THE  COMPASS.  318 


Chitm.  fart  on  A.T.        3   31 

Sun's  Hour-angle     4  39  43  half  2^  19"  5 1«        cot.  ©•15531 

Pol.  Dirt.  .  66*>  33' 
Colat.  48   59 

1 14  92  half  57°  46'  leo.  0*27297 

17  34  8  47  008.  9*99488 

69^  19'  tan.  0*42316 

14  28 

Azimuth         N  83  47  W. 

Do.  obaenred  N  72  44  W.        * 

Var. 


o'»553i 


oosec.  0*07269 

■in.  9*18383 

14^28'  tan.   9*41183 


VfliapntodAf.  N.  i^f^'E,-,  Var.  22*^23' 


III.  By  Astronomical  Bearings. 

903.  The  true  bearing  of  a  point  of  land,  or  other  terrestrial 
object,  may  be  determined  by  means  of  the  difference  of  bearing 
between  it  and  the  sun,  or  other  celestial  body ;  the  true  bearing  of 
tbe  latter  being  deduced  by  observation,  or  computed  from  the  time. 

The  difference  of  bearing  may  be  obtained  directly  by  observing 
vith  the  compass  the  bearings  of  both  the  sun  and  the  object ;  or  by 
tbe  sextant,  when  the  sun  is  on  the  horizon.  But  as  the  observation 
of  two  bearings  at  the  same  instant  cannot  always  be  conveniently 
made,  the  angular  distance  between  the  sun  and  the  object  b  measured 
by  a  sextant  or  circle,  and  the  bearing  of  the  object  alone  observed. 
Tie  difference  of  bearing  is  then  deduced,  by  calculation,  from  the 
observed  angular  distance  and  the  altitudes  of  the  sun  and  the 
object. 

The  true  azimuth  of  the  object  being  thus  obtained,  the  variation 
is  deduced. 

904.  The  Observaticn.  Observe  the  sun's  alt.,  then  the  angles 
between  the  object  and  the  nearest  and  farthest  limbs ;  lastly,  observe 
the  snn's  alt.,  noting  the  times  of  each  contact.  Take  the  alt.  of  the 
object,  at  the  point  from  which  the  8un*8  distance  is  measured. 

When  the  variation  is  required  at  the  same  time,  the  bearing  of 
the  object  must  be  obtained  as  nearly  as  possible  at  the  time  of  the 
observation  of  the  angular  distance. 

905.  7%«  Computation.  (1.)  Find  the  means  of  the  times  and 
ugnlar  distances,  and  reduce  the  sun's  alt.  to  the  mean  of  tlie  times. 
Rnd  the  Green.  Date,  and  reduce  the  sun's  decl.;  find  his  pol.  dist., 

correct  tbe  cbs.  ang.  dIst.,  and  the  alt.  of  the  object  for  index-error* 
when  necessary. 
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KoU,  For  oommon  purposes,  when  the  observer  is  not  mnch  elerated,  and  the  alt.  of 
the  object  does  not  exceed  a  few  minutes,  the  sun's  decl.  may  be  corrected  at  sight,  the 
dip,  refraction,  parallax,  and  the  alt.  of  the  object  n^lected,  and  tiw  precepts  (2)  and  ( 4) 
omitted. 

(2.)  Find  the  app.  alt.  of  the  sun's  centre  (by  applying  the  ind.- 
corr.  dip,  and  semia.).  and  thence  the  true  alt.  by  subtracting  the 
refr.  or  corr.  of  alt. 

(3.)  Find  the  sun's  true  azimuth.  When  the  sun  is  not  near 
the  meridian,  this  is  found  by  No.  674.  When  he  is  near  the  meri- 
dian, it  is  better  found  from  the  time.  No.  675.  The  lat.  will  be 
required  more  correctly  as  the  sun  is  nearer  the  meridian,  and  less 
so  as  he  is  farther  from  it. 

(4.)  For  the  corr.  of  ang.  dist.  arising  from  the  point  observed 
not  being  exactly  on  the  true  horizou.  Take  the  liiif.  between  the 
obs.  alt.  of  the  object  and  the  apparent  dip.  Tabic  30. 

To  the  log.  sine  of  the  remainder  add  the  log.  sine  of  tlie  sun's 
app.  alt.  and  the  log.  cosec.  of  the  ang.  dist. :  the  sum  is  the  log.  sine 
of  the  correction  of  the  ang.  dist. 

When  the  dip  is  less  than  the  alt.  of  the  object,  add  the  corr.  to 
the  ang.  dist. ;  when  the  dip  is  the  greater  of  the  two,  subtract  it. 

(5.)  For  the  difF.  of  azimuth.  To  the  log.  cos.  of  the  corrected 
ang.  dist.  add  the  lo^.  sec.  of  the  sun's  app.  alt. :  the  sum  is  the  log. 
cos.  of  the  diff.  of  azim.  between  the  sun  and  the  object. 

When  the  ang.  dist.  exceeds  90^,  take  the  supplement  of  the  arc 
found  as  the  difF.  of  azim. 

(6.)  For  the  Variation.  Apply  the  difF.  of  azim.  to  the  sun's 
azim.,  according  to  the  case,  which  will  be  best  understood  by  draw- 
ing a  figure :  the  result  is  the  true  azim.  or  bearing  of  the  object. 

The  true  bearing  compared  with  that  observed  shews  the  varia- 
tion. 


Ex.  Dec.  4th,  1 8 19,  at  7^  30"  a.m.,  in  Pemambuco  Road,  lat  8°  4'  S.,  long.  34^  52'  W., 
M.  Oivry  took  the  foUowing  alts,  and  angular  dist.,  height  of  the  eye  16  feet,  ind.-corr.  o. — 
{M^,  tur  I'Emploit  Sec.) 

lime  by  W.  7"'  25"40*     Alt  Q  ij"*  16'  I  Ang.  Dist  Cirde.       Object.  S.  31**  40'  W. 


7   a6    10 


*3   *3    I  '90    30  30 


Mean 


23   195     95   15    15 


Alt 
Corr.  o. 


o   10 


00 


Green.  Date,  3d,  fli^47' 


Red.  Decl. 
Pol.  Dist. 


»»•  10'  47"  8. 
67  49 


(2) 
Obs.  Alt.    13''  i9'*8 

4"i6-2j         -f  12 '2 

App.  Alt.     23    32  *o 

—2 

TVue  Alt     23   30 
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(3.)  Son's  Aximnth. 

A?  8     4 

13   30 

99   »3 


o 
o 


49  4> 
]8     S 

110  45 


00s.  9 

008.  9 

sin.  iq.  9 


^'  S.  69   15  E. 

(4.)  Corr.  of  Ang.  Dist. 

(Kit)]o'-(dip)4'-6  sine 

©  Alt.    2f  30'  one 

Diit       95   15  ootec 

*^  riae 
Con.Ang.Diit.  95    17 


00431 
03760 

'81091 
9778S 

'83071 


7-141 
9*601 
0*002 


(5  &  6.)  Compatation  of  Diff.  of  Azim. 

Ang.  Dist.  95°  17' 
0  Alt.        23   30 

Suppl.  84°  14 


0  Az 
Obj.  Az. 


95   46 
S  69    15  E. 


COS.  8*9641 
sec.  0*0376 

COS.  9*0018 


Obj.  Az.     S  26   31  W. 
Observed    S  31  40  W. 

Var.  ~ 


s  r 


IV.  Bt  Terrestrial  Bearings. 

906.  The  true  bearing  or  azimuth  of  a  mountain,  at  a  consider* 
able  distance,  is  determined  from  its  geographical  position  and  that 
of  the  observer.  As  the  true  azimuth  and  the  course  on  the  great 
circle  are  the  same  thing,  the  problem  is  that  in  No.  339  (1),  p.  109. 
Bat  as  mountains  are  rarelj  seen  much  beyond  a  hundred  miles,  it  is 
near  enough  to  proceed  thus : — 

Find  the  D.  Lat.  and  D.  Long,  between  the  places  in  minutes  of 
arc.  Turn  the  D.  Lon^.  into  Dep.  No.  318  or  319.  Find  the  Course, 
No.  280  (1).     This  is  the  approximate  azimutii. 

With  the  mid.  lat.  as  a  course,  and  the  D.  Long,  as  dist.,  find  the 
Dep.;  this  is  a  number  of  minutes,  one  half  of  which  is  to  be  sub- 
tracted from  the  approx.  azim.;  the  remainder  is  the  true  azimuth, 
very  nearly. 

Ex.    LftL  60**  6'  N.,  long.  142®  50'  W.,  find  the  true  azim.  of  Mt.  St.  Elias  in  kt.  60°  18', 
kmg.  140®  51'. 

D.Lat.  II  and  D.  Long.  118  giye  Dep.  58*6,  and  Coarse  78^*16'.    Then  60°  and  118 
give  Dep.  102*2 ;  and  51'  subtracted  from  78^26'  giyes  the  Azim.  N.  77°  35' £• 

In  low  latitudes,  and  in  aU  cases  when  the  object  is  near  N.  or  S.,  the  correction  may  be 
neglected.    (For  more  precision,  see  No.  395,  p.  129.) 

907.  The  word  Variation  is  growing  out  of  use  among  scientific 

people,  and  the  word  Declination  is  taking  its  place.     The  intention 

of  the  change  is  good,  inasmuch  as  it  obviously  aims  to  confine  the 

popular  word  variation  to  express  change  alone ;  but  it  is,  on  the 

othechand,  rather  an  odd  way  of  attaining  precision  in  the  language 

of  a  science  to  adopt,  in  a  new  sense,  a  purely  technical  word  already 

Kt  apart  to  express  an  element  of  anotlier  science  associated  with  it 

at  eveiy  step.     The  name  declination  is  used  in  Latin  treatises,  and 

in  the  French  and  other  languages  of  Latin  derivation.     In  German 
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the  common  term  implies  swerving  from^  and,  in  some  other  northern 
languages,  mis-shewing*  The  sense  is  fully  conveyed  in  the  com- 
pound out'Of'the-way-ness ;  that  is,  de-via-tion. 

The  term  deviation  is  thus,  if  a  new  name  is  to  be  adopted,  suffi- 
^ient1y  precise  and  descriptive ;  and  local  deviation  springs  directly 
from  it  as  the  effect  due  to  local  circumstances.  3ut  the  word 
declination  is,  at  least  by  all  scientific  analogy,  singularly  unluckv ; 
for  magnetic  declination,  in  the  phraseology  appropriated  to  the 
circles  of  the  sphere,  is  an  arc  perpendicular  to  the  magnetic 
equator. 

Again,  as  to  the  dip,  it  is  the  fashion  now  to  call  this  Inclination, 
This  term,  indeed,  indicates  angular  position  with  respect  to  the 
horizon ;  but  it  does  not,  like  the  old  word  dip,  answer  the  further 
object  of  directing  the  mind  to  that  extremity  of  the  needle  which  is 
below  the  horizon ;  because,  in  general,  the  term  inclination  relates 
to  the  direction  of  a  line,  and  depression  to  the  position  of  a  point. 
We  have,  it  is  true,  on  the  other  hand,  the  term  "  depression  of  the 
horizon;*'  but  these  can  never  be  confounded;  and  the  question, 
moreover,  is  not  the  establishment  of  new  terms  for  new  things,  but 
the  changing  of  old  terms  for  old  things.  Besides  this,  the  term 
inclination  seems  the  best  adapted  to  the  position  of  the  ship  herself; 
a  consideration  absolutely  necessary  in  all  questions  of  the  compass, 
though  perpetually  overlooked :  for  which,  therefore,  it  must  be 
reserved,  as  its  synonyme  heel  means,  also,  the  foot  of  the  stern- 
post. 

The  new  terms  are  employed  incidentally  in  the  instructions 
given  by  the  Council  of  the  Royal  Society  to  Captain  Sir  J.  C.  Ross 
on  his  expedition  to  the  antarctic  regions.  But  the  assimilation  of 
the  scientific  language  of  difierent  countries,  to  the  extent  of  two 
words,  is  no  reason  why  we  should  abruptly  depart  from  our  old- 
established  sea-terms  to  follow  those  of  other  nations  less  essen- 
tially maritime.  It  is  accordingly  to  be  hoped  that  scientific  and 
intelligent  seamen  will  strongly  oppose  all  sudden  changes  in  our 
marine  vernacular,  introduced  on  scientific  or  any  other  grounds, 
but  especially  one  so  ill  considered  as  this,  which  tends  directly  to 
throw  into  confusion  the  slender  vocabulary  of  those  seamen  who 
navigate  thousands  of  our  ships  with  the  minimum  of  scientific 
knowledge,  by  entailing  on  us  all  the  perpetual  necessity  of  distin- 
guishing between  the  declination  of  the  sun,  or  any  celestial  body, 
and  the  declination  of  the  compass.f 

• 

*  Hub  last  term  wems  rather  adapted  to  the  action  of  machinery  than  of  a  physical 
cause;  to  a  dock,  for  example,  rather  than  the  compass. 

f  The  word  variation  is  clearly  a  misnomer.  A  thing  Tartes  when  it  does  not  remain 
the  same.  A  clock  varies  when  it  does  not  shew  the  same  tiine  from  day  to  day,  whether 
the  time  shewn  be  tme  or  not ;  but  no  one  ever  thinks  of  calling  this  error  of  the  clock  its 
variaHon,  Again,  when  the  course  is  wrongly  shaped  we  do  not  cdl  the  error  by  the  name  of 
variation.  What  we  mean  by  the  yariation  of  the  compass  is  simply  an  error,  but  the  word 
error  is  too  fague  ;  and  we  require  to  denote,  out  of  aU  the  errors  to  which  ihe  compass  is 
liable,  that  particular  one  which  has  its  source  in  the  nature  of  magnetism,  and  this  seems 
satisfiitctorily  represented  by  the  term  deviation.  We  propose  accordingly;  after  a  proper 
period,  to  adhere  systematically  to  the  deviation  of  the  compass,  the  d^  of  the  needle,  tfaes 
dffjreuion  of  the  horizon,  and  the  inclination  of  the  ship. 


CHAPTER  IX. 


The  Tides. 


L  Pherombna  of  the  Tides.    II.  Rules  for  finding  the  Time 
OF  High  Water.     III.  Tide-Observations. 

908.  In  this  chapter  we  shall  attempt  merely  a  general  enume- 
ration of  the  principal  phenomena  of  the  tides,  with  such  other 
matters  as  are  of  direct  practical  importance.* 

I.  Phenomena  of  the  Tides. 

909.  The  connexion  observed  in  all  ages,  and,  with  particular 
exceptions,  in  all  places,  between  the  succession  of  high  waters  and 
the  moon's  meriaian  passage,  has  established  the  belief  that  the 
moon  is  the  cause  of  the  tides.  The  principle  of  gravitation,ton 
which  the  motions  of  the  earth  and  the  celestial  bodies  are  calcu- 
lated, and  their  figures  explained,  has  confirmed,  and  at  the  same 
time  corrected,  this  belief,  by  shewing  that  sensible  effects  must  be 

Eroduced  not  only  by  the  moon,  but  also  by  the  sun,  though,  from 
er  greater  nearness,  the  moon  has  by  far  the  greater  influence; 
and  the  general  result  would,  naturally,  until  the  observations  were 
analysed,  be  attributed  exclusively  to  her. 

910.  The  attraction  of  the  moon  acting  most  strongly  on  those 
purts  of  the  ocean  which  are  nearest  to  her,  that  is,  over  which  she 
18  vertical,  tends  to  draw  these  parts  towards  her,  while  their  place 
is  sapplied  by  the  water  at  the  sides  of  the  globe.  And  since  the 
central  parts  are  likewise  more  affected  in  the  same  action  than  the 
surface  at  the  opposite  or  farthest  side,  the  figure  of  the  earth 
becomes  elongated  in  the  direction  of  a  line  drawn  towards  the 
moon ;  that  is,  the  water  is  accumulated  at  the  point  exactly  under 

*  The  reader  may  refer,  for  additional  information,  to  Tarioua  papers,  by  Sir  John  Lnb- 
loA  and  the  Her.  Dr.  WheweU,  m  the  Philotophical  TYatuaetiofu,  &c.,  1833,  particularly 
to  "An  Essay  towards  a  Map  of  Cotidal  Lines,"  fbUowed  by  other  dissertations  by  Dr. 
WheweU;  to  Sir  John  Lnbbock's  "  Elementary  Treatise  on  the  Tides,"  and  to  the  **  An. 
mun  des  Mai^"  for  1839. 

t  Thii  principle  is  that  tiiere  subsists  amongst  all  particles  of  matter  a  mutual  attraction, 
*hoie  mteniity  is  inTcrsely  as  the  square  of  the  distance,  or  in  the  proportion  described  in 
Ko  233,  third  parag^raph. 


818  NAUTICAL  ASTRONOMY. 

the  moon,  and  at  another  point  distant  from  the  former  180^  in 
latitude  and  longitude.  The  moon,  in  her  progress  to  the  westward, 
causes  thus,  at  each  meridian  in  succession,  a  high  water,  not  bj 
drawing  after  her  the  water  first  raised,  but  by  raising  continually 
that  under  her  at  the  time. 

The  opposite  high  water,  or,  as  it  is  called,  the  inferior  tide, 
would,  if  the  moon's  action  was  uninterrupted,  follow  the  other,  or 
superior  tide,  after  the  interval  of  half  a  lunar  day,  or  12**  24"  on  the 
average. 

Again,  the  sun,  acting  in  the  same  manner,  though  with  less 
force  than  the  moon  (in  consequence  of  his  distance  more  than 
counterbalancing  his  greater  magnitude),  produces  two  tides,  which 
would  follow  each  other,  if  uninterrupted,  after  an  interval  of  half  a 
solar  day,  or  12  hours. 

911.  But,  instead  of  four  separate  tides  produced  by  the  inde- 
pendent actions  of  both  bodies  on  the  mass  of  waters  in  their  origiinjl 
form,  the  effect  produced  is  the  same  as  if,  after  one  of  the  bodies,  as 
the  moon  for  example,  has  given  a  form  to  the  waters,  the  sun  alters 
that  form,  the  two  separate  actions  thus  producing  a  joint  result 
Hence  the  place  at  which  it  is  high  water  is  that  at  which  the  sum 
of  the  heights  of  the  tides  produced  by  the^two  bodies  is  greater 
than  any  where  else. 

912.  When  the  sun  and  moon  are  on  the  meridian  together, 
their  actions  concur,  and  the  tide  is  higher  than  at  any  other  time. 
The  same  holds  when  they  are  in  opposition.  These  highest  tides 
are  called  spring-tides,  and  occur  after  new  and  full  moon.  Again, 
when  the  sun  and  moon  are  90^  apart,  their  actions  tend  to  neu- 
tralise each  other;  and  the  neap-tidesj  ^hich  occur  after  the  first 
and  third  quarters  of  the  moon,  are  the  smallest  of  all.  (See  No. 
919.) 

913.  Since  the  sun  and  moon  act  with  greater  force  as  they  are 
nearer,  the  efiect  of  each  body  in  raising  the  tide  is  greater  as  its 
parallax  is  greater  (No.  436).  The  highest  spring-tides  would 
occur,  therefore,  in  January,  about  the  time  of  the  month  when  the 
moon*s  hor.  par.  is  greatest.  But  the  effect  of  both  bodies  is  greater, 
generally  speaking,  as  their  alts,  are  greater,  since  when  vertical  the 
effect  is  greatest.    This  period,  therefore,  depends  on  circumstances. 

914.  If  the  actions  of  the  sun  and  moon  were,  as  we  have  hitherto 
supposed,  uninterrupted  by  obstacles  or  forces  of  any  other  kinds, 
the  tides  would  be  regular,  and  their  calculation  certain.  But 
from  the  unequal  depth  of  the  ocean,  and  the  barriers  presented  by 
continents  which  stand  across  the  natural  progress  of  the  tides,  their 
motion  is  interrupted,  and  the  tide-wave  (as  the  accumulation  of 
waters  is  called),  abandoned  by  the  forces  which  originated  it, 
becomes  subjected  to  the  mechanical  action  proper  to  waves  in 
general. 

915.  It  is  necessary  to  distinguish  between  the  motion  of  a  wave 
and  that  of  a  current.  A  wave  is  not  an  absolute  transfer  of  the 
body  of  moving  water  in  the  direction  of  the  motion  of  the  waves, 
but  is  a  motion  perpendicular  to  the  surface,  or  up  and  down.     The 
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motion  of  waves  is  represented  in  the  fluttering  of  a  flag  and  the 
bhaking  of  a  sail.  It  if;  easy  to  see  that  this  kind  of  motion  is 
compatible  with  immense;  velocity,  withoat  any  appreciable  current 
in  the  water  itself;  thcs  the  tiae-wave  appears  to  pass  from  the 
Cape  of  Good  Hope  to  Cape  Blanco  in  twelve  hours. 

916.  The  motion  of  waves  is  quicker  as  the  water  is  deeper. 
Also,  the  largest  waves  are  the  swiftest;  a  fact  illustrated  by  the 
superior  velocity  of  a  heavy  sea  over  that  of  the  rippling  of  a  pool. 
IrJien  the  water  shoals,  the  wave  is  retarded  and  becomes  steeper 
on  the  advancing  side,  as  is  seen  in  the  approach  of  waves  to  a 
shelving  shore,  and  in  the  bores  of  rivers.  Tne  velocity  of  waves  is 
also  considered  to  be  greater  as  their  length  (or  distance  from  hollow 
to  hollow)  is  greater ;  thus  the  tide-wave,  though  inferior  in  height 
to  the  waves  of  an  agitated  sea,  yet  travels  with  prodigiously  greater 
Telocity.  Waves  of  different  size  and  velocity  merge  into  one  an- 
other, 8S  is  known  to  those  who  have  endeavoured  to  follow  with 
the  eye  the  waves  of  the  sea.  Lastly,  when  the  waves  meet  with 
obstacles,  such  as  sand -banks  or  reefs,  the  directions  of  their 
motions,  as  well  as  their  figures,  are  changed.  Several  of  the 
anomalies  which  the  tides  present  are  attributed  to  these  and  like 
circumstances.* 

917.  The  current  which  accompanies  the  tide,  and  changes  its 
direction  with  the  ebb  and  flow,  is  the  effect  of  the  alteration  of 
the  level  of  the  water  during  the  passage  of  the  tide-wave.  Also, 
when  a  body  of  water  in  a  channel  has  been  set  in  motion,  the 
motion  does  not  immediately  cease  with  the  cause  that  produced  it. 
Hence  the  tide-current  does  not  necessarily,  and  in  all  cases,  change 
with  the  tide ;  and  thus,  under  certain  circumstances,  the  current  of 
the  ebb  continues  to  run  for  some  hours  after  the  flood-tide  has 
made. 

It  is  considered  probable  that  many  of  the  anomalies  in  recorded 
times  of  tide  have  arisen  from  thus  confounding  the  time  of  high  or 
low  water  with  the  time  of  slack  water. 

Admiral  Bcechey^  who  bestowed  much  attention  upon  the  com- 
plicated movements  of  the  tides  on  our  Western  coasts,  states  that 
though  each  point  of  the  coast  in  the  Irish  Channel  has  its  proper 
time  of  high  water,  yet  the  turn  of  the  stream  takes  place  simul- 
taneously to  all,  namely,  about  the  time  of  high  water  at  Morecombe 
Bay.  This  time  is  nearly  that  of  Liverpool;  accordingly,  in  oider  to 
know  whether  the  stream  is  setting  into  the  Irish  Channel  or  out  of  it, 
it  is  necessary  merely  to  find  whether  the  tide  is  rising  or  fnliing  at 
tbis  place.  Thus  while  the  tide- wave,  in  coming  in,  is  making  it  high 
water  at  the  different  places  succeeding  each  other  in  its  progress, 
the  stream  is,  nevertheless,  running  out.+ 

^  Among  the  most  curious  of  these  effects  are  those  called  interferences,  whereby  twc 
dj^tipct  sets  of  waves  may,  id  their  combination,  produce  apparent  rest.     See  Phil.  Trane 
I'^f  P'  ^^^*    ^^  ^^  principle  are  explained,  also,  tides  which  occur  at  irregular  interrals 
'^  /a  Rqiort  of  Observations  made  on  the  Tides  in  the  Irish  Sea,  &c.,  by  Capt.  F.  ^  • 
p^heyr  H.N.,  PkU.  Tram,  1848  ;  see  also  NaiU,  Mag,  1849,  p.  70. 
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918.  The  height  of  the  tide  is  the  difference  between  the  level  of 
high  water  and  that  of  low  water.* 

The  height  of  the  tide  in  the  open  ocean  is  supposed  to  be  very 
small ;  and  the  great  heights  observed  on  some  shores  are  evidently 
due  to  the  shoaling  of  the  water  and  the  narrowing  of  the  channel. 

The  tides  are  msensible  or  very  small  in  inland  seas ;  as  also 
in  high  latitudes,  except  from  local  causes.f 

919.  It  is  found,  in  general,  that  the  tide  is  not  due  to  the  moon's 
transit  immediately  preceding,  but  to  a  transit  which  has  occarred 
some  time  before.  The  time  thus  elapsed  between  the  transit  at 
which  the  tide  originated  and  the  appearance  of  the  tide  itself  is 
called  the  retard^  or  tzge  of  the  tide. 

Thus  the  tide  on  the  western  coasts  of  Spain  and  France  is  a 
day  and  a  half  old ;  that  at  London  is  two  days  and  a  half  old. 

It  appears  certain  that  the  age  of  the  tide  on  the  W.  coast  of 
Ireland  is  2  days  (p.  38),  and  on  the  S.  W.  coast  1^  20'*  (p.  1 10).^ 

It  would  appear  further  that  changes  in  the  parallax  and  decli- 
nations of  the  sun  and  moon  produce  their  several  effects  on  the 
time  and  height  of  the  tide  after  particular  intervals. 

It  is  thus  constantly  necessary  to  discriminate  between  a  tide 
which  may  happen  after  any  particular  transit  and  the  tide  which 
really  corresponds  to  that  transit;  thus,  for  example,  if  the  moon 
passes  the  meridian  at  4  p.m.  to-day,  and  the  high  water  occurs  at 
7  P.M.,  this  tide  will  not  in  general  be  that  which  corresponds  to  the 
transit  3  hours  before,  but  may  have  had  its  origin  several  transits 
back.  The  transit  to  which  the  tide  really  corresponds  is  found  by 
examining  the  observations  of  the  several  preceding  tides,  the  highest 
of  which,  being  due  to  the  united  actions  of  the  sun  and  moon,  is 
known  to  correspond  to  the  moon's  transit  at  12  o'clock,  noon  or 
midnight. 

920.  The  mean  level  of  the  sea  is  the  middle  between  the  levels  of 
high  water  and  low  water. 

Though  the  heights  of  high  water  and  those  of  low  water  may 
vary  considerably,  yet  the  mean  level  seems  confined  to  very  narrow 
limits.  Thus,  at  Singapore,  where  the  heights  of  two  consecutive 
low  waters  differ  sometimes  six  feet,  the  meaA  level  varies  only  a 
few  inches. — Phil.  Trans.  1837. 

Hence  it  follows  that  heights  measured  above  the  sea  should  be 
referred  to  the  mean  level  as  the  standard  or  zero,  instead  of  that  of 
either  low  or  high  water. 

It  is  not,  however,  to  be  supposed  that  the  middle  point  between 
any  two  consecutive  tides  is  the  mean  level.    This  will  be  the  case 

*  The  term  ranffe  would  be  preferable  to  heiffht,  as  it  implies  a  distance  between  boun- 
daries, as,  for  ex.,  the  range  of  the  barometer.  The  '*  height  of  the  tide"  is  oontinnallyi  in 
common  discoorse,  used  for  the  height  of  the  water. 

t  Sir  John  Roas  found  a  rise  and  fall  of  8  feet  in  lat  74''N. 

t  On  the  Law  of  the  Tides  of  the  Coasts  of  Ireland,  by  O.  B.  Airr,  Esq.,  Astronomer 
Boval,  Phil,  lYans.  1845.  This  paper  refers  to  a  most  extensive  and  complete  series  cf 
obterrations  made  in  1842  under  Gen.  Colbj,  director  of  the  Trigonometrical  Survcv,  chiefly 
for  the  purpose  of  n^erring  the  elevations  observed  to  the  level  of  the 
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cmly  wlien  two  tides  in  succession  attain  the  same  high-water  level 
and  the  same  low- water  level,  as  at  springs. 

921.  By  the  Establishment  of  the  Port*  has  been  commonly 
understood  the  apparent  time  of  the  first  high  water  that  takes  place 
in  the  afternoon  of  the  day  of  full  or  change.  This  Dr.  Whewell 
has  called  the  Vulgar  Establishment. 

922.  The  interval  between  the  moon's  transit  and  the  high  water 
next  following  is  called  a  lunitidal  interval. 

The  lunitidal  interval  varies  from  day  to  day  during  the  fortnight 
between  full  and  change. 

923.  The  correct  establishment  is  the  lunitidal  interval  corre- 
sponding to  the  day  on  which  the  moon  passes  the  meridian  exactly 
at  noon  (with  the  sun)  or  at  midnight.  This  is  found  by  taking  the 
mean  of  all  the  times  of  H.  W.  for  a  fortnight.  The  Vulgar  Estab. 
may  thus  be  an  hour;  or  considerably  more,  in  error  when  used  as 
representing  the  H.  W.  on  any  day  of  the  fortnight. 

The  tide  caused  by  the  united  actions  of  the  sun  and  moon,  whisn 
each  of  these  bodies  is  in  one  of  the  positions  most  favourable  for 
raising  the  water,  is  identified  by  its  superior  height.  And  it  is 
thus  lound  (as  observed  in  No.  919)  that  the  interval  by  which  the 
tide  follows  the  moon  on  the  day  when  the  full  or  change  occurs  at 
12  o'clock,  or  the  lunitidal  interval  corresponding  to  that  particular 
transit,  is  not  the  interval  actually  observed  on  that  day. 

The  establishment  of  the  port,  and  also  the  height  of  the  tide, 
appear  to  be  subject  to  change. 

924.  The  difference  between  the  lunitidal  interval  at  each  transit 
of  the  moon  and  the  correct  establishment  is  called  (by  Sir  J. 
Lubbock )y  from  the  period  of  its  recurrence,  the  semi-menstrual 
inequality. 

This  inequality  is  found  to  be  different  for  different  places;  hence 
the  time  of  high  water  at  any  place  cannot,  generally,  be  accurately 
deduced  from  that  at  any  other  place  by  merely  applying  the  differ- 
ence of  time  between  the  two  establishments. 

925.  The  tide  is  subject,  in  like  manner,  to  a  senii-menstrual 
inequality  in  the  height*  This  inequality  being,  like  that  in  the 
time,  different  for  dinerent  places,  the  heisht  of  a  tide  at  any  one 
place  cannot  always  be  correctly  inferred  from  the  given  height  at 
any  other. 

*  The  term  Tide-hour  has  been  adopted,  in  Table  13,  in  preference  to  the  EtttablishtnetU 

fif  the  Port,  which,  besides  its  inconvenient  length,  and  the  foreign  and  awkward  appear- 

Ufle  which  it  makes  amongst  oar  other  technical  terras,  is  objectionable  on  important 

groupds.    The  word  **  establishment,"  in  English,  has  already  certain  received  senses.     It 

implies,  generaUy,  a  building  or  institution ;  it  is  an  abbreviated  expresnon  for  the  Episcopal 

Church.    In  the  naval  departments  of  Qovemment  it  implies  the  regulations  which  deter- 

'ffi^  ^  equipment  of  die  ships,  dimensions  and  weight  of  stores,  and  the  number  of 

^(ocen  and  men.      The  addition  of  the   term  port,  intended  to  limit  the  vague  term 

^l^^lishmeot,"  restricts  the  sense  too  much ;  for  not  the  ports  only,  but  every  point  oi 

^<^OBSt,  and  often  many  places  in  the  same  port,  have  severally  their  proper  '*  establish- 

^ti.**    j^^  German  name  H^enieii  (Harbour- time;,  on  the  other  hand,  is,  to  us  at 

j^  *  misnomer,  since  its  natural  meaning  is  the  proper  time  for  entering  the  harbour. 

^ t^Hi Xtde.lKrar  is  short  and  unequivocal;  these  are  the  main  points.    It  is  EngUsbt 

'^'^cientiy  exact,  and  will  accordingly  be  employed  till  a  better  is  suggested. 

T 
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926.  It  lias  been  found  that  the  morning  and  afternoon  tides 
do  not  rise  to  the  same  height ;  the  difference  is  called  the  Diurnal 
Inequality. 

This  irregularity  is  the  conseqaence  of  the  sun  and  moon  not 
being  always  on  the  equator.  Thus,  suppose  the  moon  in  20^  N. 
declin. :  then  the  summit  of  the  superior  tide  is  in  20^  N.  lat.,  and 
of  the  inferior  tide  in  20^  S.  lat.,  each  alternate  tide  having  thus 
its  greatest  elevation  in  the  other  hemisphere.  The  diurnal  inequa- 
lity is  subject  lo  steady  rules,  and  may  be  predicted. — Phil.  Traru. 
1837. 

927.  The  maximum  of  the  diurnal  inequality  corresponds  to  the 
moon*s  greatest  declination,  thougli  it  may  not  appear  till  after  the 
time  of  the  greatest  declination.  In  like  manner,  it  disappears  with 
the  moon*s  declination,  but  not  till  some  time  after  she  has  crossed 
the  equator.  For  example,  the  age,  as  it  ifiay  be  termed,  of  this 
inequality  is,  at  Lirerpool,  six  days ;  at  Singapore,  a  day  and  a  half. 
—Phil.  Trans.  1837. 

928.  A  diurnal  inequality  appears  in  the  times,  as  well  as  in  the 
heights,  of  the  morning  and  afternoon  tides.  Thus,  near  Cape 
Florida,  the  diurnal  inequality  of  the  time  was  found,  at  its 
maximum  in  June  1835,  to  be  2^  hours. — Phil.  Trans.  1836,  p.  308. 

929.  Strong  winds  affect  the  time  and  height  of  the  tide,  but 
chiefly  the  former,  especially  in  rivers  and  narrow  seas.* 

The  pressure  of  the  atmosphere  also  affects  the  height  of  tiie 
tide,  the  water  being  in  general  higher  as  the  barometer  is  lower. f 

930.  Though  high  and  low  water  may  succeed  each  other  regu- 
larly as  to  time,j:  yet  the  water  does  not  always  rise  and  fall  at  the 
Fame. rate.  Thus,  for  ex.,  the  water  in  some  places  falls  faster 
during  the  first  of  the  tide  than  afterwards. 

Irregularities  both  in  the  duration  of  the  tide  and  in  the  rate  at 
which  the  water  rises  or  falls,  are,  however,  most  conspicuous  in 
rivers.^ 

At  Limerick  and  New  Boss,  the  fall  of  the  water  occupies  a 
longer  time  than  the  rise ;  at  most  other  stations  the  rise  appears  to 
occupy  a  little  longer  time  than  the  fall.  This  last,  however,  appears 
less  certain.— PAi/.  Trans.,  1846,  «*  Law  of  Tides." 

*  Adm.  Beechey  acquainted  me  that  he  considered  ntrong  winds  do  not  mU»  the  water 
more  than  two  feet,  even  in  the  Bristol  Channel,  where  the  range  is  abore  forty  feet. 

t  It  has  been  established  that  a  rise  in  the  barometer  of  an  inch  is  accompanied  by  a  fall 
in  the  height  of  the  water  of  twelve  or  fourteen  inches.  This  opposite  motion  of  the  water 
and  the  mercury  due  to  the  atmospheric  pressure  was  established  by  Mr.  Daussy  in  discuss- 
ing the  tide-observations  made  at  Brest. 

The  observations  on  the  coasts  of  Ireland  in  1842  agree  with  those  of  Mr.  Daussy,  Dr. 
Whewell,  and  Mr.  Bunt,  in  shevring  a  contrary  motion  in  the  water  to  that  of  the  mercury, 
and  from  twelve  to  fourteen  times  the  amount. 

X  The  tide  at  Courtown  exhibits  extraordinary  irregularities :  the  tide-hour  does  not 
increase  constantly,  as  elsewhere,  but  oscillates  backwards  and  forwards,  &c.  (pp.  117, 121.) 

$  At  Limerick,  after  low  water,  the  water  sometimes  rises  as  much  in  ten  minutes  as  it 
nad  previously  dropped  in  two  hours.  Such  irregularities  cause  considerable  difficulty  in 
ascertaining  the  true  state  of  the  case 


1 

I 

i 
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II.  Rules  for  Finding  the  Time  of  High  Water. 


931.  The  fii*st  of  the  two  following  rules,  which  is  the  old  method 
of  finding  the  time  of  high  water  by  the  moon*8  age,  affords  merely 
a  rough  estimate,  as  it  may  be  in  error  nearly  two  hours.  The 
second,  which  involves  the  semi-menstrual  inequality,  will  be  found 
a  tolerable  approximation  on  our  own  coasts,  being  generally  within 
15"  or  20'" ;  but  as  each  place  has  a  different  semi-menstrual  inequa- 
lity, the  degree  of  accuracy  which  it  may  possess  as  applied  to  other 
parts  of  the  world  than  those  for  which  the  table  is  constructed, 
cannot  be  pronounced. 

Complete  rules  for  computing  the  time  and  the  height  of  the  tide 
inrolve,  also,  corrections  for  parallax  and  declination,  and  require 
special  tables  for  each  port.* 

932.  Rule  I.  for  a  rovah  estimate.  (1.)  For  the  moon's  age.  Tq 
the  epact  of  the  year.  Table  14,  add  the  epact  of  the  month,  and  the 
day  of  the  month.  The  result,  if  less  than  29**  13\  is  the  moon's  age 
at  noon;  if  it  exceed  29^  13\  subtract  29**  \3\ 

In  leap-years,  in  January  and  February,  deduct  1  day. 

(2.)  For  the  moon's  meridian  passage. f  Multiply  her  age,  to 
the  nearest  day,  by  8,  and  point  on  one  decimal:  the  result  is  the 
time  of  the  merid.  passage  nearly.;]: 

(3.)  For  the  time  of  nigh  water.  To  the  time  of  merid.  pass,  add 
the  establishment  of  the  port  (or  tide-hour). 

(4.)  If  the  sum  be  less  than  12  hours,  it  is  the  time  of  high 
water  p.m.;  if  it  exceed  12  hours,  it  is  the  time  of  high  water  neyt 
morning;  and,  to  obtain  the  time  for  p.m.  on  the  present  day,  sub- 
tract 1^24". 

If  the  sum  exceed  24  hours,  it  is  the  apparent  time  of  high 
water  p.m.  the  next  day;  for  the  time  p.m.  on  the  proposed  day, 
subtract  24*' 48*". 

Noie^ — ^Iliifl  rnle  sapposes  that  the  tide  always  follows  the  moon  by  the  same  intenral ; 
hot  tiiis  inteiTa],  generally  speakfaig,  is  different  for  each  day  of  the  fortnight.    See  No. 


*  Such  tables  are  giyen  in  the  Tides  published  annually  by  the  Hydrographic  Office. 
The  errors' of  the  predicted  times  do  not  appear  to  exceed  five  or  ten  minutes,  except  in 
S>tei  of  wind,  whim  the  time  of  high  water  may  be  altered  upwards  of  half  an  hour. 

t  This  is  often  called  touikmg;  but  as  in  south  latitude  the  moon  passes  the  meridian 
to  the  northward,  this  term  is  not  adapted  to  general  use. 

X  The  moon's  age  thus  found  may  be  more  than  a  day  in  error,  •but  h^  merid.  fiam, 
ril  generally  be  less  than  an  hour  in  error. 
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Ex.  I.  Find  the  time  of  high  water  at 
Falmouth,  Oct.  2d,  1878. 

£pact  1878  26*   3«' 


Da  Oct. 
Days 


>*8  Mer.  Patt. 
Tide-houi 


7     5 

2 

-»9  '3 

6 
8 

4-8»4^48' 
+  5  30 


Ex.  2.  Required  the  time  of  high  wstcr 
at  Shivlda,  Mareh  31st,  1878. 

Epact  1878  26'   3^ 


TiMX  or  H.W.     10  18  P.M. 


Do.  March 
Da%8 


Tide-hour 


29  II 

_3i 

86  14 

59    » 

»7 
8 


Tmx  or  H.W. 


2i'6  =  2i*'36" 

+  3  *3 

a4  59 
24  4« 


o  II  r.M. 


Ex.  S.     Find  the  time  of  high  water  at  LWerpool,  March  loth,  1878. 

Tide-hour  11*  23"  Time  or  H.W.  5*  »3"  r.it. 

Ex.  4.    March  30th,  1878,  find  the  time  of  high  water  at  Portsmouth. 

Tide-hour  11*  41"  Time  or  H.W.  7*  41"  r  m. 

Ex.  5.    June  2d,  1878,  find  the  time  of  high  water  at  Lirerpool. 

Tide-hour  ii*»  23"  Timb  or  H.W.  o*  35"  ?.«. 

933.  Rule  11.  (I.)  Take  from  the  Nautical  Almanac  the  M.T. 
of  the  moon's  meriaian  passage^  and  correct  it  for  the  longitude  by 
Table  28. 

(2.)  Take  from  Table  15  the  semi-menstrual  inequality  corre- 
sponding to  this  time,  and  apply  it  to  the  reduced  time  of  mer.  pass, 
as  directed  in  the  table.  To  this  result  add  the  tide-hour,  and  the 
sum  is  the  time  of  high  water. 

(3.)  \Mien  this  time  exceeds  12  hours,  it  is  the  time  of  high  water 
past  midnight, — that  is,  a.m.  the  next  day. 

Wheri,  therefore,  the  p.m.  tide  preceding  is  required,  it  is  nece»- 
sary  to  employ  the  inferior  transit  of  the  moon. 

Ex,  ].  Aug.   6th,  1878,  find  the  time  of  high  water  at  Shields.     Long,  i^  25'  W. ; 
tide-hour  3^  30". 

Inf.  tr.  6th 


>*•  tr.  6th 

Corr.  for  long. 
Sem.  ineq. 

Tide-hour 
Time  or  H.W.  6th 


6»'45- 
o 

— o  50 

5  55 
3  30 
9  25r.M. 


Sem.  ineq. 

Tide  hour 
TiMi  or  H.W. 


6*'i7"  A.M. 
—  I    o 

5  17 
3  30 


8  47  AM. 


Ei.  S.  Aug.  29th,  1878,  find  the  time  of  H.W.  at  Portsmouth. 

Tide-hour,  11^  41*.       Hiob  Watcb  29th,  12**  40*;  or  30th,  o**  40"  a.m.;  and  o^  ii" 
r.M.  on  29th. 

Ex.  S.  March  iitb,  1878,  find  the  time  of  high  water  at  Cherbourg. 

Tide-hour,  7^  49*.  Hiob  Watr  i  itb,  12^  28" ;  or  12th,  o^  18"  a.m.  No  tide  nth  p.m. 


(4.)  When  the  time  of  the  nMX)n's   transit  on  the  given  day 
exceeds    12  hours,  the  transit  occurs   a.m.  on  the  neoct  day   (dvil 
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time).  It  is  evident,  therefore,  that  to  obtain  the  times  of  high 
water  on  the  same  day,  we  most,  in  such  cases,  employ  the  transit 
of  the  preceding  day. 

Subtract-  12^  from  the  time  of  transit,  to  enter  the  table  of  the 
Bemi-menstrual  inequality. 

To  find  the  other  tide,  we  must  employ  the  inferior  transit  as 
already  directed. 

£1. 4.  April  xtty  1878, 6nd  the  times  of  high  water  at  Shields. 


The  time  of  transition 
April  1st  *3l4*" 

3\tr.  March  3i8t     23     2 
Corr.  lor  loog.  o 

SflB.  ineq.  •I'O  11 

Tide-hour  -f  3  23 

TiMi  or  U.W.  March  31st  26  36  r.ic, 
or  April  ist    2  36  r.H. 


For  the  a.m.  tide  preceding. 
Inferior  trans.  March  3 1  St     10^    3" 
Sem.  ineq.  +16 

Tide-hour  -f  3  23 

TiM«  ow  H.W.  31st  13  42  P.M. 

or  April  ist  1  42  A.M. 


Ex.  5.    July  2d,  1878,  find  the  times  of  high  water  at  Tynemouth  bar. 
Tide-hour  2^  50^.    Hiob  Water  lad,  7^  is""  a.m.,  and  7^  38"  p.m. 


934.  When  the  range  of  tide  is  considerable,  and  the  depth  not 
great,  and  it  is  requlr^  to  identify  the  place  of  the  ship  by  the 
soundings,  or  when  abont  to  enter  a  harlx)iir  in  a  vessel  whose 
draught  of  water  is  nearly  equal  to  the  depth,  it  is  necessary  to 
find  the  height  of  the  tide  as  exactly  as  circumstances  permit.  If 
the  place  is  one  of  those  of  which  particulars  are  given  in  the  tide- 
tables  published  by  the  Hydrographic  Office,  the  dej)th  is  found  by 
the  rules  there  given.  When  sucn  tables  are  not  at  hand,  it  may  be 
found  approximately  by  Table  16. 

935.  It  is  proper  to  remark  that  the  age  of  the  tide  is  necessary 

to  the  computation  of  its   height.     Thus,  suppose   it   is   H.  W.    at 

2"  30"  P.M.  on  Monday,  the  day  of  cliange.     Now,  if  this  H.  W.  is 

the  tide  realli/  corresponding  to   the  transit  of  the   sun   and  moon 

together  (No.  919),  it  will  also  be  that  which  gives  the  spring  range; 

the  next  range,  therefore,  will  be  less,  and  each  range  in  succession 

m\\  go  on  decreasing  to  the  neap-tide.     But  if  the  age  of  the  tide, 

in  the  supposed  ^ase,  is  2  days,  that  isi^  if  the  highest  tide  does  not 

follow  till  2  days  later,  or  till  Wednesday  afternoon,  then  the  range 

on  Monday  will  not  be  so  high  as  on  Wednesday ;  that  is,  the  range, 

instead  of  decreasing  continually  to  the  neap-tide,  will  go  on  increas- 

ing  for  the  next  2  days ;  after  which  it  will  begin  to  decrease  until 

the  neap-tide,  which  will  take  place  2  days  after  the  1st  quarter,  and 

sot  on  the  day  of  the  1st  quarter. 
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III.  Tide-Observations. 

936.  It  is  evident,  from  what  has  been  said  (Nos.  919,  922), 
that  the  establishment  cannot  be  truly  deduced  from  the  notice 
of  a  solitary  high  water ;  and  that  observations,  continued,  at  least 
through  a  semi-lunation,  are  necessary  for  even  a  tolerable  approxi- 
mation. But  the  true  establishment  cannot  be  successfully  deter- 
mined from  a  series  of  observations  involving  the  semi-menstrual 
inequality,  the  various  effects  of  changing  declinations  and  paral- 
laxes, v^ith  temporary  and  local  circumstances,  except  by  persons 
not  only  thoroughly  versed  in  arithmetical  operations  on  an  exten- 
sive scale,  but  well  exercised  in  the  particular  intricacies  of  these 
laborious  calculations.  We  have,  therefore,  confined  ourselves  here 
to  merely  indicating  the  details  which  should  accompany  tide-obser- 
vations. 

(1.)  The  exact  ^t  of  observation  must  be  specified. 

(2.)  The  instant  of  both  high  water  and  low  water  should  be 
stated,  with  the  height^  or  difference  of  the  two  levels,  in  feet  and 
inches.  As  the  water  hangs  for  some  time  towards  the  turn  of  the 
tide,  and  as  the  tide-current  may  be  independent,  it  is  necessary  to 
note  the  instant  at  which  the  water  passes  a  fixed  mark,  both  in 
rising  and  falling;  the  means  of  these  times  are  the  instants  of  high 
and  low  water  respectively.  The  marks  should  be  fixed  in  some 
place  to  which  the  water  passes  slowly,  because  the  waves,  however 
small,  continually  washing  over  the  marks,  render  it  difiicult  to 
detect  a  small  rise  or  fall  of  the  water. 

The  observations  of  both  low  and  high  waters  of  the  24*^  are 
necessary  for  determining  the  Diurnal  Inequality ;  but  as  the  time 
of  this  inequality  is  of  less  importance  than  the  height,  it  will  often 
be  enough,  in  respect  to  this  particular  point,  to  note  the  height 
alone. 

About  mean  water  (or  half  tide)  the  surface  rises  or  falls  with 
greater  velocity  than  at  any  other  time,  and  according^ly  the  instant 
at  which  the  water  passes  a  fixed  mark  or  a  given  horizontal  line 
may  be  observed  with  greater  precision  than  at  any  other  time. 
Hence  it  has  been  recommended  to  notice  the  instant  of  passing  one 
or  two  such  marks,  instead  of  the  times  of  high  and  low  water. — 
'*  On  the  Law  of  the  Rise  and  Fall  of  the  Sea's  Surface  during  each 
Tide."— PAi7.  Trans.,  Part  II.  for  1840. 

It  has  been  proposed  to  place  the  marks  at  half- tide,  but  this 
does  not  answer,  especially  where  the  diurnal  inequality  is  consider- 


THE  TIDES.  327 

able.*  The  intenrals  should  be  short  on  cither  side,  of  hi^b  and  low 
water,  because  the  tides  do  not  rise  and  fall  with  equal  velocity. 

(3.)  The  times  of  slack  water  should  be  noted. 

(4.)  The  direction,  and,  in  general  terms,  the  force  of  the  wind^ 
should  be  stated,  as,  also,  the  height  of  the  barometer. 

As  the  effects  of  winds  and  atmospherical  changes  are  not  con- 
fined to  the  particular  hours  during  which  such  causes  are  in  action, 
it  will  be  proper,  when  only  a  short  series  of  observations  can  be 
obtained,  to  aad  further  a  brief  notice  of  the  state  of  the  weather 
for  some  time  previous. 

Observations  continued  for  a  fortnight  afford  a  first  approxima- 
tion to  the  Tide-hour ;  and  when  carried  on  for  some  months,  this, 
with  siome  other  principal  elements,  may  be  obtained  with  consider- 
able accuracy. 

937.  The  custom  has  prevailed  of  noting  the  establishment  as 
the  kovar  of  the  day ;  but  it  obviously  should,  as  recommended  by 
Dr.Whewell  {Phil.  TVaiw.  1833,  p.  229),  be  considered  merely  as 
an  interval.  Since  the  correct  establishment  is  measured  from  twelve 
o'clock,  it  may,  indeed,  appear  to  be  indifferent  whether  we  call  it 
an  absolute  time  or  an  interval ;  but  the  absolute  time  of  the  tide  is 
in  all  cases  referred  to  the  instant  of  the  moon's  transit,  and  it  is 
absurd  to  talk  of  adding  two  absolute  times  together;  as,  for  ex- 
ample, adding  three  o'clock  of  the  day  to  five  o'clock  of  the  dav. 
Also,  by  considering  the  establishment  as  an  interval  only,  we  avoid 
confounding  mean  and  apparent  times. 

938.  The  soundings  on  the  charts  are  the  depths  at "  low  water ;" 

but  this  term  may  imply  indifferently  the  mean  low  water  of  the 

whole  year,  or  of  the  equinoctial  spring-tides,  of  which  the  average 

w  not  always  identical,  or  of  those  low  waters  only  which  were 

observed  during  the  operations  of  survey.     Since  these  may  differ 

considerably  from  each  other,  the  computed  depth  may  be  in  error 

'^y  the  same  difference.     It  might  appear  less  equivocal  if  the  lowest 

^^  all  the  low  waters  were  understood  ;  but  this,  though  a  natural 

phenomenon,  and,  so  far,  preferable  to  an  imaginary  standard,  as  an 

^^erage,  is  still  defective,  since  it  is  affected  by  winds.     It  wo  aid 

appear,  therefore,  as  Capt.  Beechey  proposes,t  that  the  standard  low 

^ater  ghould  be  identified  as  so  many  feet  and  inches  below  the 

•nean  level,  which  appears  to  be  the  only  element  nearly  constant. 

The  mean  level  may,  it  appeani,  be  found  approximately  by 
.^oservatiQiig  ^f  fQ^.  consecutive  tides,  which  include  the  diurnal 
'"Quality. 

j^  Adm.  Bayfield  (to  whom  I  am  indebted  for  some  important  remarks  and  corrections 
^^r^  ^d  elsewhere  in  the  former  editions)  informs  me  that  ia  the  St.  Lawrence  the  alternate 
j^|T*  do  not  faU  to  the  half- tide  mark  at  all  when  the  diurnal  inequality  is  considerable. 
f^  ^dm.  Beechey  arquaint^d  me.  as  the  result  of  numerous  objiervations.  that  at  Plymouth 
y|^  /^f-inteiTal  of  time  between  the  passages  over  the  half-tide  marks  requires  ^  of  the 
iii__^  int.  to  be  added  to  it  for  the  correct  time  of  high  water,  in  consequence  of  ths 
^'•^  rise  and  faU. 

*     *•  A  Report  of  Observations/'  &c 


NAVIGATING  THE  SHIP. 


I.  Shaping  the  Course.     II.  Place  op  the  Ship.     III.  Deter- 
mining THE  Current.    IV.  Storms.    V.  Making  the  Land. 

939.  In  the  preceding  part  of  this  volume  each  point  of  the 
subject  has  been  treated  separately.  The  present  section,  which 
will  conclade  the  Practice,  and  to  which  the  former  chapters  may 
be  considered  subservient,  contains  matters  of  general  reference  in 
conducting  the  navigation  of  the  ship. 


I.  Shaping  the  Course. 

940.  As  soon  as  the  ship  is  clear  of  the  land,  and  circumstances 
permit,  her  head  is  put  upon  the  course  to  be  steered,  the  log  hove, 
and  the  departure  taken. 

When  the  course  is  to  be  shaped  for  a  distant  port,  recourse  is 
had,  in  defect  of  personal  experience,  to  the  Sailing  Directions,*  in 
order  to  learn  what  point  to  steer  for,  so  as  to  profit  by  particular 
winds  or  currents,  or  to  avoid  dangers.  The  bearing  of  such  point 
is  then  worked  for  by  parallel,  middle  latitude,  or  Mercator's  sail- 
ing, according  to  the  case ;  or.  a  ruler  being  laid  on  the  chart  over 
the  place  of  departure,  and  the  point  in  question  shews  the  course, 
No.  381. 

941.  When  the  wind  is  foul,  reference  will  be  made  to  No.  299 ; 
but,  in  the  case  of  a  prevailing  foul  wind,  the  proper  line  of  proceeding 
will  be  indicated  in  the  Sailing  Directions. 

A  steam-vessel  will  generally  preserve  her  course  without  regard 
to  the  wind,  except  in  long  passages. 


*  Tie  Safling  Directioiifl  contain  descriptions  of  ports  and  anchorages,  with  accounts  of 
the  winds,  currents,  and  tides,  for  Tarious  coasts  and  seas.  Besides  these  and  other  parti* 
culars,  necessary  for  navigation  alone,  works  of  this  kind  contain  well-selected  passages  from 
voyiges  and  travels,  by  which  the  reader  may  obtain  clear  ideas  of  the  physical  aspect  of  the 
•hores,  dimate,  and  natural  phenomena  of  most  parts  of  the  world,  and  derive  considerable 
hiformation  respecting  the  manners  and  customs  of  the  inhahitants,  the  productions,  and 
artidcs  of  merchandise. 
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NAVIGATING  THE  SHIP. 


1.  Shaping  the  Course  in  a  Current* 


942.  When  the  whole  or  any  part  of  the  voyage  lies  thi  /ugh  a 
current,  having  everywhere  the  same  direction  and  velocity,  it  U 

E roper  to  shape  that  coarse  which  shall  keep  the  port  on  the  same 
caring  (No.  294),  because  the  ship  will  thus  cross  trie  current  in  the 
shortest  possible  time.     But  if  the  current  be  different  in  different 

Earts  of  tlie  voyage,  this  rule  does  not  hold  good.    This  point  cannot 
e  pursued  further  in  this  volume. 

When  the  current,  setting  the  ship  away  from  her  port,  is  so 
strong,  or  the  wind  so  light,  that  the  ship  cannot  preserve  the 
bearing  of  the  port  unaltered,  she  will  be  kept  so  that  the  course 
made  good  shall  not  be  more  than  eight  points  from  the  bearing  of 
the  port ;  because,  though  she  cannot  thus  near  the  port  till  circum- 
stances change,  yet  she  will  not  increase  her  dbtance  from  it,  as 
would  result  from  shaping  any  other  course. 

The  application  of^all  such  rules  must,  accordingly,  depend  upon 
the  circumstances  of  the  case. 

943.  When  the  ship,  having  a  foul  wind,  is  in  a  current  of  which 
the  direction  and  rate  are  known,  she  should  be  kept  as  much  as 
possible  on  that  tack  on  which  tiie  current  tends  most  to  drift  her  to 
windward,  or  is  least  unfavourable  in  drifting  her  to  leeward. 

For  example.  Suppose  the  course  to  be  steered  is  S.W.,  the  wind  S.S.W.,  the  current 
S.S.E.,  2  knots.  Then,  on  the  larboard  tack,  lying  west,  and  going,  suppose,  6  knots,  she 
will  make  good  S.  70°  W.  5*5  miles,  No.  292.  On  the  starb.  tack,  lying  S.E.  and  going  6 
knots,  she  will  make  good  S.  39**  E.,  S  knots.  The  distance  made  good  in  the  direetion  ^j 
the  port  when  her  head  is  S  E.  is  0*8  miles  per  hour,  No.  285;  when  lying  west,  this  quantity 
is  5  mUes. 

In  this  case  the  current  tends  to  drift  the  ship  to  windward  on  both  tacks;  but  the  larboard 
tack  is  the  most  favourable. 

2.  Shapina  the  Course  on  a  Great  Circie, 

944.  When  the  shi)  t^iis  on  the  arc  of  a  great  circle,  the  distance 
traversed  in  passing  between  any  two  points  in  her  track  is  (as  ob- 
served in  Nos.  336,  &c.)  less  than  if  she  had  sailed  on  a  rhumb-line. 
A  distinction  of  greater  importance  between  these  two  tracks  is, 
however,  that  every  point  of  the  great  circle  lies  in  a  higher  latitude 
than  any  point,  having  the  same  longitude,  on  the  rhumb-line. 
Thus,  if  two  ships  sail  from  St.  Helena  to  C.  Horn,  the  one  upon 
the  great  circle,  and  tbe  other  on  the  rhumb-line,  altering  their 
longitude  by  the  same  quantity,  the  ship  on  the  circle  will  be  430 
miles  to  the  southward  of  the  other,  when  the  two  vessels  are  most 
widely  separated ;  that  is,  when  the  vessel  on  the  circle  is  at  the 
point  of  maximum  separation  in  latitude  (No.  345).  Now  the  differ- 
ence of  distance  is  only  76  miles  in  3740  (No.  337,  Ex.  1);  whereas 
the  difference  of  430  miles  in  latitude  may  place  the  vessels  in 
different  winds. 

945.  A  course  taken  anywhere  between  the  great  circle  and 
the  rhumb-line  will  always  be  attended  with  at  least  some  saving  oi 
distance. 
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Tha»,  any  course  between  A  B  and  A  T  (the  tangent  of  tl  e  circle 
at  Ay  and  shewing  its  direction  at  that  point)  gives  a  distance  less 
than  A  B.  Aeain,  since  the  circle  is  the  minimum  distance  between 
A  and  B,  on  the  surface  of  the  globe,  we  may  take  a  series  of  tracks 
between  A  and  B  on  the  other  or  polar  side  of  the  circle,  increasing 
in  length  as  they  lie  further  from  it,  till  we  come  to  the  dotted  line 
which  represents  a  curve  equal  in  length  to  the  rhumb.  Hence  a 
ship  sailing  anywhere  between  AB  and  AU  (the  tang,  which  shews 
the  direction  of  the  dotted  curve  at  A), — that  is,  through  a  space 
nearly  twice  as  great  as  that  between  the  rhumb  and  the  circle, — 
will  still  have  less  distance  to  describe  than  that  on  the  rhumb-line. 
On  this  principle  a  partially  foul  wind  may  often  be  turned  into  a 
fair  one. 

Thus,  in  the  voyage  alluded  to  above,  the  vessel  on  the  circle, 
instead  of  passing  430  miles  to  the  southward  of  the  track  on  the 
rhumb-line,  may  pass  at  nearly  this  distance  to  the  southward  of  the 
great  circle,  or  between  800  and  900  miles  to  the  southward  of  the 
rhumb-line;  and  yet,  after  all,  she  may  make  ^ood  a  distance  less 
than  that  on  the  rluimb-line,  while  the  great  difference  of  latitude 
niay  enable  her  to  avail  herself,  for  part  of  the  voyage  at  least,  of 
winds  proper  to  regions  far  removed  from  those  crossed  by  the 
rhumb-line. 

946.  When  it  is  proposed  to  sail  on  a  great  circle  the  course  is 
shaped  with  reference  to  the  present  place  of  the  ship ;  and,  there- 
fore, when  she  is  found  to  have  got  off  the  original  line  laid  down, 
the  course  should,  strictly  speaking,  be  shaped  anew.  But,  in  prac- 
tice, this  will  rarely  be  necessary,  since  moderate  deviations  from  the 
course  will  not  sensibly  alter  the  bearing  of  a  distant  port,  that  is,  the 
same  course  will  serve  as  before. 

^47.  In  great  circle  sailing  with  a  foul  wind  the  ship  will  be  put 
opon  that  tack  in  which  she  lays  nearest  the  circle.  The  rule  for 
^iodward  sailing,  which  directs  that  she  should  be  put  on  that  tack 
w  which  she  looks  best  up  for  her  port  (No.  299),  is,  therefore, 
strictly  applicable.  Indeed,  it  is  only  on  laying  down  the  great  circle, 
7"ch  alone  shews  the  real  direction  of  the  port,  that  it  can  be  de- 
cided whether  the  wind  is  foul  or  not  for  a  distant  port. 

Jf  the  rhumb-line  differs  more  than  two  points  from  the  circle,  it 
f  ?^ident  that,  by  shaping  the  course  on  the  rhumb-line  and  then 
'Viog  the  ship  on  the  wrong  tack,  she  will  head  more  than  eight 
^''^ts  away  from  the  true  direction  of  the  port,  while  on  the  other 
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tack  she  would  lie  within  less  than  four  points  of  the  coarse.  Thus 
a  seaman  not  acquainted  with  the  principles  of  great  circle  sailing 
may  cause  his  ship  to  recede  from  her  port  instead  of  nearing  it. 

948.  If  the  wind,  when  contrary,  is  in  the  direction  of  the  great 
circle,  one  tack  is  as  good  as  the  other,  and  the  selection  must  de- 
pend on  the  current,  probable  change  of  wind,  or  other  circum- 
stances. The  ship  should  not,  however,  deviate  from  the  circle  so 
far  as  to  have  to  shape  a  new  course,  for  if  she  has  much  deviated 
from  that  line  which  was  the  shortest  possible,  she  must  have  altered 
her  position  for  the  worse. 

949.  When  the  course  is  to  be  shaped  on  a  great  circle,  a  know- 
ledge of  the  point  of  maximum  separation,  or  of  the  place  of  the 
vertex,  when  there  is  one  (No.  343),  affords  a  sufficiently  precise 
idea  of  the  latitudes  to  be  passed  through. 

950.  In  navigating  the  ship  on  a  great  circle,  in  high  lats.,  the 
course  should  be  shaped  anew  at  each  60  or  80  miles  of  distance. 

The  place  of  the  ship  is  necessarily  brought  up  by  middle  latitude 
or  Mercator's  sailing. 

3.  Reduction  of  the  True  Course  to  the  Course  by  Compass. 

951.  When  the  true  course  to  be  steered  is  determined,  it  must 
be  reduced  to  the  course  by  compass.  The  magnetic  variation  of 
the  steering  compass  is  to  be  applied  (No.  225) ;  the  result  is  the 
magnetic  course. 

When  the  entire  correction  (No.  247)  of  the  steering  com  pass  is 
known,  it  is  to  be  applied  to  tlie  true  course,  otherwise  the  loc.  dev. 
must  be  applied ;  the  result  is  the  course  by  compass. 

952.  The  local  deviation  is,  usually,  of  most  consequence  in  run- 
ning within  two  or  three  points  of  E.  or  W.  In  such  cases,  there- 
fore, when  the  variation  is  not  precisely  known,  it  will  be  prudent, 
especially  when  near  the  land,  to  allow  a  few  degrees  or  half  a  point 
on  the  safe  side. 

953.  When  the  compass  is  affected  by  local  attraction,  steering 
the  opposite  course  will  not  reconduct  the  ship  to  the  point  from 
which  she  set  out.  For  example,  suppose  the  true  magnetic  course 
from  a  place  A  to  another  place  B  is  N.W.,  and  the  local  deviation 
i^  half  a  point  on  the  course  from  either  place  to  the  other.  Then 
the  course  from  A  to  B  will  be  N.  W.  ^  N. ;  but  the  course  from  B 
to  A  will  be  S.E.  \  E.,  which  differs  by  one  point,  that  is,  by  twice 
the  local  deviation,  from  S.E.  ^  S.,  the  opposite  point  to  N.W\  \  N.* 

*  This  example  supposes  the  local  deviadon  to  be  the  same  for  opposite  points,  which  is 
not  strictly  true. 

In  men-of-war,  generally,  it  is  found  that  opposite  courses  are  not  steered  in  going  up 
and  down  the  English  Channel.  The  difference,  which  disappears  when  the  local  attrac- 
tion is  allowed  for,  produces  an  error  on  the  safe  side,  as  it  places  the  ship  to  seaward  of  her 
reckoning.  But  in  other  cases  the  reverse  may  take  place,  as,  for  example,  in  the  river  St. 
Lawrence,  in  which  the  local  deviation  has  generally  the  effect  of  leading  the  ship  towards 
Hie  coast  to  be  avoided.— Baik,  p.  87. 

Capt.  Johnson  observed  the  course  from  the  Humber  to  the  Sleeve,  on  board  the  Superb 
steam-vessel,  to  be  E.N.E.,  and  on  returning,  W.  b  S.,  these  courses  having  been  adopted 
by  trial. 

Mr.  Ellis,  master  of  ths  royal  yacht,  Victoria  and  Albert,  remarks  that  he  had  found  'i\ 
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II.  Place  of  the  Ship. 

1.  By  Dead  Reckoning. 

[1.]  Keeping  the  Dead  Reckoning, 

p|^^^54.  Latitude  D.  R.    The  latitude  by  D.  R.  is  deduced  by  ap- 
ojw^^g  the  diflTerence  of  lat.  made  good  by  the  ship  to  the  lat.  by 

^^ation  of  the  preceding  noon. 

^!i{^  ^^hen  the  latitude  was  not  observed  at  noon,  but  at  some  other 

^J^^   it  is  proper  to  note  the  lat.  D.  R.  as  "  brought  up;"  because 

w^  lat.  by  D.  R.,  when  employed  for  comparison  with  the  observa- 

^on,  is  of  course  considered  as  referred  to  the  beginning  of  the  day, 

nnless  the  contrary  is  expressed. 

When,  however,  there  is  no  observation,  the  lat.  by  D.  R.  must 
be  referred  to  the  lat.  D.  R.  at  the  preceding  noon. 

955.  Longitude  D.  R.  The  longitude  by  D.  R.  is  deduced  by 
applying  the  difference  of  longitude  made  good  to  tlie  long.  D.  R.  of 
the  preceding  noon. 

The  long,  by  D.  R.  is  usually  carried  on  till  a  new  departure  is 
obtained,  because  the  observations  for  longitude  are  not  so  decisive 
as  those  for  latitude;  for  the  chronometer  may  alter  its  rate,  and  the 
moon's  distance  from  a  star,  or  her  R.A.,  may  be  much  affected  by  a 
small  error  of  observation.  Hence,  when  the  longitude  by  a  single 
observation  differs  much  from  the  account,  it  is  not  always  consi- 
dered safe  to  adopt  it  until  it  has  been  confirmed  by  another  ob- 
servation.* When,  however,  such  confirmation  is  obtained,  or  two 
distances,  observed  at  the  same  time  on  opposite  sides  of  the  moon, 
give  results  not  differing   much  from  each  other,+  the  resulting 


MoesHffy  in  sereral  steam-Tesseb  that  he  had  commanded,  to  establish  a  coarse  for  each 
^'QmI,  as  no  two  of  them  could  be  steered  predaely  the  same  course  from  buoy  to  buoy,  or 
from  headland  to  headland. 

*  In  vol.  i.  of  the  East  India  Directory,  Horsburgh  gives  an  example  of  the  danger  of 
touting  to  a  single  chronometer  for  a  length  of  time,  or  to  a  single  lunar,  in  the  case  of  the 
Tumton  Castle,  which  got  agronnd  in  the  Straits  of  Mozambique  in  1791.  A  lunar  5  days 
Wore  had  agreed  with  the  chron.,  but  a  lunar  12  hours  before  differed  from  it  1^.  It  was 
utonlly  considered  that  the  former  lunar  confirmed  the  chron.,  and  that  the  later  observation 
*v  erroneous ;  the  contrary,  however,  turned  out  to  be  the  case. 

t  Horsburgh  states  that  he  has  found  the  mean  of  two  lunars,  observed  on  opposite  sides 
<^  the  moon,  nearly  a  degree  in  error.  So  strange  a  result  would  seem,  however,  to  thrcir 
voht  on  one  of  the  observations. 

^  R«v.  G.  Fisher,  in  the  Appendix  to  Capt.  Parry's  second  voyage,  p.  282,  states  that 

."^mean  of  2500  Innars  observed  in  December  differed  14'  from  the  mean  of  2500  observed 

f"  ^^fch  foUowing;  and  that  the  mean  of  the  observations  made  in  the  same  summer  differed 

^J^m  these  last,  or  24'  from  the  first.     Capt.  King,  in  his  survey  of  Australia,  notices  a 

'^^'^^>«ney  of  a  similar  kind,  to  the  amount  of  12",  at  the  Goulbum  Islands. 
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longitude  should  be  taken  as  a  departure  from  which  to  carrv  on 
the  D.  R. 

Although  it  is  recommended  not  to  alter  the  long,  by  D.  R.  on 
slight  grounds,  yet  it  can  answer  no  useful  purpose  to  persevere  in 
carrying  it  on  after  observations  have  proved  it  to  be  wrong. 

[2.]  Errort  qfthe  Dead  Reckomng. 

956.  These  are  the  errors  of  the  course  and  distance,  with  tlieii 
effects  upon  the  lat.  and  long,  by  account. 

An  error  of  half  a  point  in  the  course  is  equivalent  to  an  error 
of  1^  in  the  dist.  run,  very  nearly. 

967.  Error  of  the  Course.  The  ship,  besides  moving  in  a  path 
more  or  less  serpentine  from  the  action  of  the  waves,  and  from  im- 
perfect steerage,  is  driven  bodily  by  the  wind,  and  often  by  currents 
and  tides;  hence  the  general  direction  of  the  ship's  head  is  a  very 
imperfect  index  of  her  course  by  compass.  Again,  the  course  by 
compass  is  affected  by  the  magnetic  variation,  which,  as  already 
remarked,  varies  in  different  ships,  in  different  positions  of  the  same 
ship,  and  in  different  compasses. 

958.  When  the  ship  is  working'  to  windward  with  the  wind  at 
N.  or  S.,  the  local  deviation  affects  the  course  on  either  tack  in  the 
same  manner,  and  therefore  vitiates  the  lat.  by  ace.  to  the  full 
amount  of  the  effect,  while  the  errors  of  the  departure  tend  to  com- 
pensate each  other.  When  the  wind  is  E.  or  W.  the  errors  of  D.  R. 
from  this  cause  are  much  smaller. 

959.  When  a  ship  tacks,  the  wind  often  seems  to  come  round 
with  her;  at  other  times,  the  wind  seems  to  favour  the  ship  on  either 
tack.  These  effects  are  often  to  be  attributed  to  local  attraction.* — 
Bain,  p.  89. 

As  in  general  the  local  deviation  affects  in  the  same  manner  the 
courses  of  ships  steering  the  same  voyage,  it  has  naturally  led  to  the 
supposed  existence  of  particular  currents  where  none  such  existed. — 
Bain,  p.  89.  ' 

960.  Error  of  the  Distance.  The  rate  of  sailing  varies,  from  time 
to  time,  with  the  strength  and  direction  of  the  wind,  the  Quantity  of 
Rail  set,  the  trim  of  the  sails,  the  running  of  the  sea,  and,  m  a  slight 
degree,  on  the  skill  of  the  helmsman.  Hence,  since  the  log  can  be 
liove  at  intervals  only,  while  the  compass  is  constantly  inspected,  the 
distance  run,  unlike  the  course  steered,  is  left  in  a  great  degree  to 
estimation.^ 

While  a  vessel  is  steaming,  her  rate  is,  of  course,  less  liable  to 
change. 

961 .  The  allowance  to  be  made  for  the  heave  of  the  sea  is  doubtful. 


*  Mr.  Forbes,  master  of  H.M.S.  Vestal,  (band  an  increase  of  If  points  in  the  variation 
in  the  nver  St.  Lawrence,  when  the  ship's  head  was  between  N.W.  and  S.W.,  which  de- 
creased gradually  to  0  at  N.  and  S.  He  also  remarks  that  while  beating  up  the  river  with 
the  wind  at  W.,  the  ship  seemed  to  work  within  8  points ;  while,  in  working  across  with  tbe 
wind  at  E.,  she  seemed  to  work  within  H  points.  The  pilot  observed  that  the  compasses 
of  m<>rchAnt-8hips  were  not  subject  to  such  irregularities. — Naut.  Mag.  1843,  p.  428. 

t  By  practice  seamen  learn  to  estimate  the  rate  of  sailing  v.iihin  half  a  knot. 
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As  regards  the  motion  of  the  waves  alone,  it  would  appear  that  no 
such  action  takes  place,  and  any  effect  of  the  kind  must  be  referre<l 
to  the  progressive  motion  which  the  water  at  the  surface  acquires 
from  the  action  of  the  wind,  and  which  affects  both  the  vessel  and 
the  log.  The  existence  of  a  surface-current  accompanying  a  strong 
wind  is  established  by  the  falling  over  or  breaking  of  tne  tops  of  the 
waYes,  which  subsides  accordingly  with  the  wind,  and  disappears  long 
before  the  swell  goes  down. 

962.  In  steam-vessels  the  log  is  found  to  give  too  much  distance. 
'Riis  is  accounted  for  thus: — The  water  at  the  surface  being  con- 
tinually urged  astern  by  the  paddle-wheels,  preserves  its  motion  for 
sometime  after  the  vessel  is  past;  the  log,  therefore,  unless  thrown 
P^Hectly  clear  of  this  current,  is  carried  in  the  direction  opposite  to 
tiatof  the  vessel.  On  this  account  it  is  proper  to  heave  the  log  from 
tbe  paddle-boxes. 

963.  In  consequence  of  the  fore  and  after  bodies  of  vessels  in 
general  being  dissimilar,  the  resistance  of  the  water  to  the  rolling 
and  pitching  produces  unequal  actions  on  the  bottom,  from  which 
results  a  slow  motion  of  the  vessel  herself  in  the  direction  of  her 
length.  The  nature  and  quantity  of  this  motion  is  determined  by 
the  form  of  the  bottom.  Most  vessels  forge  a]^ead,  but  some 
astern.* 

964.  Error  of  the  Latitude  D.  R,  This  is  composed  of  the  errors 
of  the  course  and  distance. 

If  the  lat.  by  D.  R.  does  not  agree  with  the  observation,  it  is 
customary,  when  the  course  since  tlie  observation  is  nearly  N.  or  S., 
to  attribute  the  error  to  the  distance;  because,  in  this  case,  any 
small  variation  or  error  in  the  course  will  not  affect  the  D.  Lat. 
Again,  when  the  course  is  nearly  E.  or  W.,  such  error  is  attributed 
to  the  course ;  because,  in  this  case,  a  small  error  in  the  course  will 
aifect  the  D.  Lat.,  while  a  small  error  in  the  Dist.  will  not. 

These  suppositions,  though  plausible,  are  not  always  true,  and 
therefore  are  not  to  be  implicitly  adopted. 

965.  An  error  in  the  latitude  is  the  same  number  of  nautical 
miles  in  all  parts  of  the  world. 

966.  Error  of  the  Longitude  D.  JR.  This  error,  when  the  longitude 
is  carried  on  bv  parallel  or  by  mid.  lat.  sailing,  is  proportional  nearly 
to  the  error  of^^the  Dep.  When  the  long,  is  carried  on  by  Mercator's 
sailing,  the  error  is  due  to  an  erroneous  course  and  distance,  and 
also,  in  most  cases,  to  using  latitudes  by  observation  inconsistent 
with  the  given  course. 

967.  An  error  of  a  given  number  of  minutes  of  longitude  (')  is 
the  same  number  of  sea-miles f  when  the  ship  is  near  the  equator; 
hut  in  higher  latitudes  the  same  number  of  min.  of  long,  is  equal  to 
a  smaller  number  of  sea-miles.     Hence  precision  in  the  longitude  is 

*  Capt.W.  Ramsay  informs  me  tbat  the  Black  Joke,  a  very  fast  vessel  which  he  com- 
manded on  the  coast  of  Africa,  always  forged  astern  in  a  calm. 

t  Seamen  are  in  the  habit  of  calling  mantes  of  longitude  miUt .  but  a  mile  is  a  measure 
of  ipntfiabk  length,  while  a  min.  of  long,  is  different  in  diflerent  latitudes :  the  practioB, 
tlitretore,  should  not  be  followed. 


'".  » 
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of  les^  consequence  to  the  safety  of  the  ship  in  high  than  in  low 
latitudes. 

For  the  same  reason  the  long,  by  D.  R.  will  in  general  be  kept 
more  correctly  in  low  than  in  high  latitudes. 

968.  As  regards  the  probable  amount  of  the  errors  of  the  ship's 
place  in  latitude  and  longitude,  it  may  be  supposed  that  the  error  of 
the  course  will  rarely  amount  to  a  point,  and  that  the  distance  will 
not  be  in  error  more  than  ^  of  itself.*  Such  estimations,  however, 
must  depend  entirely  on  circumstances. 

The  error,  on  the  whole,  will  be  that  due  to  the  sum  or  the 
difference  of  these  errors ;  more  frequently,  however,  to  their  differ- 
ence, since  experience  establishes  tnat,  when  several  observations 
are  taken  together,  their  errors  tend  to  compensate  each  other. 

969.  Under  the  head  '^  D.  R.*'  is  incluBed  the  determination  of 
the  ship's  place  by  bearing  and  distance  of  the  land.  When  a  point 
of  land  bears  N.  or  S.,  the  diff.  lat.  of  the  point  and  the  ship  is  the 
<listance ;  and  consequently  the  error  of  the  lat.  is  exactly  equal  to 
that  of  the  distance,  while  a  point  or  two  of  error  in  the  bearing 
produces  but  ^all  error  in  the  lat. 

On  the  other  hand,  if  the  place  bears  £.  or  W.,  the  ship's  lat.  is 
that  of  the  point  itself,  and  an  error  in  the  bearing  produces  in  the 
lat.  an  error  proportional  to  her  distance. 

This  applies  to  longitude  by  reading,  in  the  above,  long,  for  lat., 
and  interchanging  N.  and  S.  with  E.  and  W. 

[3.]  VaruUum  <if  the  Time  at  Sea, 

970.  When  the  ship  sails  to  the  eastward,  she  meets  the  sun, 
and  therefore  anticipates  the  hour  of  the  day  by  a  portion  of  time 
equal  to  the  diff.  long,  she  makes  good.  In  sailing  to  the  westward, 
the  contrary  takes  place.  Hence  in  sailing  eastward  the  apparent 
day  is  always  less  than  24  hours,  and  in  sailing  westward  greater 
than  24  hours,  by  the  diff.  long,  made  good,  in  time. 

Thus  a  ship,  in  sailing  round  the  world  to  the  eastward,  gains  a 
day  in  her  reckoning  of  time;  for  each  day  in  which  her  head  is  to 
the  eastward  is  less  than  the  common  day  of  24  hours  by  the  diff. 
long,  made  good ;  and  this  goes  on  till  the  diff.  long,  has  accu- 
mulated to  360^,  or  24  hours.  Hence,  on  completing  the  voyage 
(but  without  any  relation  to  the  time  of  performing  it),  the  ship,  by 
constantly  gaining  on  the  next  day,  is  found  to  have  completely 
anticipated  it;  so  that,  instead  of  finding  it  Wednesday,  for  instance, 
among  the  natives,  it  appears  by  her  journal  to  be  Thursday.  In 
ftailing  round  the  world  westwards,  the  ship  in  like  manner  loses  a 
day. 

In  these  cases  the  voyage  is  performed  in  days  of  a  different 

*  Rennell  ('*  Investigatioii  of  the  Currents  of  the  Atlantic,"  p.  70  —  London,  1832) 
quotes  Flinders's  opinion  that  the  reckoning  may  be  kept  within  5  miles  of  distance,  and 
Half  a  point  in  the  course. 
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kogth  from  the  average  of  24  hours,  and  the  whole  period  is  made 
up  of  a  different  number  of  days.* 

971.  This  alteration  of  the  date  in  the  journals  of  sliips  crossUig 
the  Pacific  is  often  attended  with  considerable  embarrassment  to  the 
reader,  especially  if  he  does  not  bear  in  mind  the  direction  of  the 
ship's  route.  In  order  to  provide  against  this  ambiguity,  the  navi- 
ptor  should  insert  the  Greenwich  Date  at  full  length,  in  every  case 
in  which  a  reference  to  the  absolute  time  may  be  required.f 

972.  The  variation  of  time,  or  the  irregularity  m  the  length  of 
the  day,  falls  on  the  hour  or  half-hour  preceding  noon,  the  last  glass 
or  two  not  being  turned.  When  there  is  no  observation  for  some 
days,  the  time  is  thus  liable  to  be  considerably  in  error. 

This  uncertainty  in  the  absolute  time  causes  no  difficulty  in 
bringing  up  observations  to  noon,  or  to  any  other  time,  nor  in  con- 
necting observations  made  a.m.  with  others  made  p.m.,  because  the 
eonrses  and  distances  marked  on  the  log-board  are  those,  corre- 
sponding to  the  actual  intervals  elapsed. 

973.  It  b  evident,  since  the  time  at  ship  always  has  reference  to 
the  diff.  long,  made  good  subsequent  to  trie  observation  for  time, 
that  the  account  of  the  time  is  more  correctly  kept  in  low  than  in 
high  latitudes.     (See  No.  967.) 

[2.]  Place  of  the  Ship  hy  Observation, 

974.  Besides  the  latitude  and  longitude  of  the  ship  by  observa- 
tion, we  shall  consider,  under  the  above  head,  those  observations 
from  which  the  elements  necessary  in  the  calculation  of  her  place  at 
any  time  are  obtained :  as  observations  for  Time,  and  for  the  Varia- 
tion of  the  Compass. 

[1.]  Latitude  bp  Ohnrvaikm, 

975.  In  variable  climates  it  is  often  advisable  to  take,  earlv  in 
the  forenoon,  an  altitude  of  the  sun,  to  be  followed  by  another  after 
the  proper  change  of  azimuth.  No.  749,  for  a  double  altitude,  in 
case  the  meridian  alt.  is  not  obtained. 

If  the  second  alt  is  observed  within  the  limits  of  Table  47,  the 
operation  is  simpler,  and  the  result  more  satisfactory.  If  it  is  near 
the  meridian,  and  the  time  is  not  very  much  in  error,  the  second 
alt.  alone  determines  the  latitude  by  the  reduction  to  the  meridian, 
p.  231. 

In  either  of  these  cases  the  first  alt.  affords  the  apparent  time, 
when  the  lat.  has  been  ascertained. 

976.  (1.)  The  lat.  will  of  course  be  obtained,  when  possible,  by 
the  meridian  altitude  of  the  sun.     The  short  double  altitude  a.m. 


*  Sir  Japies  Rom  remarks  that  in  crossing  the  meridian  of  ISO*'  eastwards  they  made 
two  Thursdays,  and  two  Noy.  25thfl,  by  which  means  their  reckoning  would  correspond  to 
that  of  Endand  on  their  arrival. 

t  Mr.  Fisher,  to  whom  I  am  indebted  for  this  important  suggestion,  informs  roe  that  iu 
daminhig  some  astronomical  observations  in  these  cases,  he  has  been  obliged,  in  ordei  to 
identify  dbe  day,  to  discover,  from  the  latitude,  the  sud's  declination  employed. 

Z 
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lias  the  advantage  of  providing  against  the  loss  of  tl.Is  observation,* 
and  it  enables  the  navigator  to  determine  the  place  of  the  ship 
before  12  o'clock. 

The  altitude  of  the  moon  on  or  near  the  meridian  (Nos.  702, 
703)  mav  often  be  obtained  during  bright  sunshine.  Also,  the 
moon's  alt.,  combined  with  that  of  the  sun,  affords  the  lat.  bj  double 
alt..  No.  769,  &c. 

The  planet  Venus  may  often  be  observed  during  the  day.i- 
When  the  planet  is  not  bright  enough  to  be  distinctly  visible  to 
the  naked  eye,  it  may  generally  be  found,  when  near  the  meridian, 
thus: — Compute  the  mend,  ait..  No.  663;  add  to  it  the  dip  and 
refraction ;  set  this  angle  on  the  sextant,  put  in  the  inverting  tele- 
scope, screwing  it  close  don'n  to  the  plane  of  the  instrument :  then, 
directing  the  sight  to  the  N.  or  S.  point  of  the  horizon,  the  planet 
should  be  seen  in  the  silvered  part  of  the  glass.;]: 

977.  The  lat.  is  found  at  night  by  observations  of  stars  on  or 
near  the  meridian,  No.  687.  The  lat.  by  a  star  at  night  not  only  is 
nseful  in  preventing  the  accumulation  of  error  in  the  D.  R.,  but  also 
serves  as  a  check  on  the  lat.  by  the  sun  (note  *,  p.  231 .) 

The  observation  of  stars  at  night  is,  however,  a  very  different 
observation  from  other  altitudes  by  day,  and,  to  ensure  success,  the 
observer  should  make  it  a  matter  of  special  practice. 

It  is,  however,  during  the  twilight  that  stars  and  planets  may 
be  most  advantageously  observed  at  sea,  as  the  horizon  at  that  time 
is  strongly  marked,  and,  when  not  sufficiently  so,  may  be  rendered 
distinctly  visible  by  the  inverting  telescope.  In  favourable  cases 
such  lat.  may  be  depended  upon  with  as  much  confidence  as  that  of 
the  sun.  In  north  latitudes  above  20^  or  30^,  the  pole-star  may 
always  be  observed  when  the  sky  is  clear. 

[2.]  TiMe  bp  Ob9enmHfm. 

978.  The  Time  is  generally  found  bv  a  single  altitude  (p.  260), 
early  in  the  forenoon,  when  the  error  of  the  ship's  lat.  produces  no 
sensible  error  of  time.  It  should  also  be  found  late  in  the  aftonoon. 
In  certain  cases  it  may  be  found  by  equal  alts..  No.  798,  the  result 
of  which  is  apparent  noon ;  and  also  approximately  by  the  short 
double  altitude  (p.  2B7),  and  at  sunrise  and  sunset  (p.  265). 

The  time  may  likewise  be  deduced  from  one  of  the  altitudes  of  a 

*  The  only  observation  disturbed  by  the  ship's  change  of  place  (No.  548)  is  the  mer. 
alt.  Suppose,  ijpr  ex.,  the  ship  is  approaching  tibe  sun  12  knots,  »h%  ndses  him  at  the  rate 
of  12"  in  I".  Hence  he  continues  to  rise  till  he  is  so  far  past  the  merid.  as  to  have  begun, 
by  his  motion  in  altitude,  to  fidl  at  this  rate.  In  high  lats.  where  the  motion  hi  ah.  is  slow, 
the  interval  wiU  be  considerable ;  in  lat.  60**  he  would  appear  to  dip  about  5  min.  v.m., 
and  in  the  same  case,  with  the  ship  receding  from  l^m,  he  would  dip  about  5  ain.  a«m. 
To  compute  this  time,  see  No.  622. 

t  Horsburgh  states  that  he  has  observed  the  meridian  alt.  of  Venus,  at  the  Cape  of 
Good  Hope,  churing  bright  sunshine.  Capt.  Basil  Hall,  to  whom  I  am  indebted  for  several 
valuable  auggestions,  acquainted  me  that,  on  a  voyage  to  Malta  in  H.M.S.  Indus,  in  August 
1841,  he  obsierved  the  mer.  alt.  of  Venus  every  day  for  a  fortnight.  Capt.  W^ickham  also 
tdla  me  that  he  has  found  the  lat.  by  Venus,  in  the  tropics,  at  S**  in  the  afternoon. 

X  Capt.  Hall  informed  me  that  he  had  often  found  the  lat.  in  this  way,  boUi  by  Tennt 
and  Jupitct ,  when  the  planers  were  sltogether  invisible  to  the  naked  eye. 
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oommon  double  altitude  (p.  258);  but  the  latitude  reftultifig  from 
this  observatioa  not  being  very  eorreet  in  g^eneral,  and  more  espe- 
cially when  the  reduction  of  the  aJt9.  to  the  same  place  of  observation 
ifi  large,  the  time  deduced  would  not  always  be  satisfactory. 

979.  When  the  sun  and  moon  are  both  visible,  and  one  of  them 
is  near  the  meridian,  the  lat.  may  be  found,  and  also  the  time,  which 
(Nos.696,  757)  thus  has  the  advantage  of  being  free  from  the  errors 
of  the  reckoning.  In  like  manner  the  alt.  of  a  planet  might  be 
taken  with  that  of  the  sun  at  the  same  instant,  or  some  time  after- 
wards (No.  764). 

980.  When  the  time  is  found  at  night  by  alts,  of  stars  or  erf  the 
moon  (Nos.  782,  784),  since  the  sea-horizon  is  often  unfavoitrable 
for  observatioii  at  that  time,  the  result  should  be  eonsidered  as  of 
inferior  value ;  or  stars  should  be  observed  on  both  sides  of  the 
meridian,  in  order  to  diminish  the  effects  of  errors  from  this 
caQse. 

The  remarks  on  the  oboervations  of  planets  or  stars  by  twiliffht 
for  lat  (in  No,  977)  apply  to  observations  for  time.  Stars  ma^  often 
be  obtained  nearly  on  the  prime  vertical,  and  on  opposite  sides  of 
the  meridian  (No.  787);  and  the  alt.  for  time  should  always,  if  pos- 
sible, be  accompanied  with  another  for  lat.,  in  order  to  avoid  all 
reference  to  the  reckoning. 

981.  An  approximation  to  the  apparent  time  may  be  conve- 
niently obtained,  during  part  of  the  six  months  that  include  the 
sammer,  by  setting  the  index  of  the  sextant  to  the  apparent  alt.  of 
the  sun's  lower  limb  deduced  from  the  true  alt.  of  the  centre,  at  the 
time  of  passing  the  prime  vertical.  Table  29 ;  the  hour-an^le  at 
which  the  limb  attains  this  alt.  is  then  taken  out  from  the  adjacent 
colamn. 

982.  Since  the  change  of  alt.  of  anv  celestial  body  is  greatest  at 
the  equator  and  nothing  at  the  pole,  the  time  deduced  by  means  of 
altitudes  is  ipore  correctly  determined  in  low  than  in  high  latitudes. 
(See  Nos.  778, 779.) 

983.  Advantage  shonld  be  taken  of  favourable  opportunities  of 
landing  at  well-determined  places  for  good  observations  of  time, 
because  the  diff.  long,  between  the  places  will  at  onoe  discover  any 
considerable  change  in  the  rate  of  the  chronometer,  and  afford  the 
meana  of  correcting  it.  Comparatively  lew  places  indeed  are  as  yet 
laid  down  with  sufficient  accuracy  for  the  general  practice  of  this 
simple  and  decisive  method ;  but,  in  proportion  as  the  longitudes 
approach  to  precision,  the  differences  of  longitude  will  be  employed 
I7  seamen  as  the  means  of  obtaining,  directly,  the  sea-rates  of  their 
chronometers,  instead  of  waiting  to  obtain  harbour-rates.* 

984.  Error  of  the  Time  at  Sea.  The  time  at  sea,  as  found  by  a 
single  altitude,  can  rarely  be  depended  upon  to  less  than  10*  (Nos. 
778,  779).  If,  therefore,  the  ship^s  reckoning  were  correctly  kept, 
her  diff.  long,  applied  to  the  time,  as  found  by  observation  on  a 

*  This  importan*  rentrk  u  doe  to  Col.  Sabine,  **  Account  of  Eiporinmtii"  p.  401« 
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former  occasion,  would  give  the  time  at  ship  within  about  lO'  of  the 
truth.  But  as  the  D.  R.  is  always  more  or  less  in  error,  and  as  tlte 
error  may  be  considered  generally  to  increase  with  the  time  elapsed, 
the  error  of  the  time  at  snip  may  be  considered  as  10*  plus  the  error 
of  the  diff.  long,  accumulated  since  the  observation. 

r3.1  Longitude  by  Obnrvation. 

985.  The  longitude  by  chronometer  may  be  ascertained  when- 
ever the  time  is  obtained.  The  long,  by  chron.  is  thus  the  most 
efficient  check  on  the  long,  by  account  from  time  to  time ;  but  after 
a  lapse  of  time  it  may  be  greatly  in  error,  as  the  rate  is  liable  to 
chanee.   See  No.  631. 

When  there»is  no  chronometer  on  board,  the  longitude  by  D.  R. 
can  be  corrected  only  on  making  the  land,  or  by  a  lunar  observation, 
or  sometimes  by  speaking  another  vessel. 

986.  When  a  satisfaetorv  longitude  is  obtained  by  independent 
means,  as  by  observation  of  the  moon,  it  should  be  adopted  as  a 
new  departure  taken  at  the  instant  of  observation,  instead  of  carrying 
it  back  to  the  preceding  noon  or  any  other  time ;  because  this  last 
process,  which  is  attended  with  no  advantage,  impairs  the  value  of 
the  observation  by  mixing  with  it  the  errors  of  the  run. 

987.  Since  the  object  of  the  lunar  observation  is  to  find  the  mean 
time  at  Greenwich  at  the  instant  of  observation,  the  simplest  and 
most  direct  application  of  the  method  is  to  find  at  once  the  error  of 
the  chronometer  on  6.  M.T. ;  because  this  process  is  not  embar- 
rassed by  consideration  either  of  the  time  at  place,  or  of  the  change 
of  long,  in  the  interval  between  the  lunar  observation  and  the  ob- 
servation for  time.  This  is  the  practice  of  the  most  experienced 
navigators. 

988.  When  there  is  no  chronometer  on  board,  the  longitude 
itself  must  be  found  for  the  instant  of  the  mean  of  the  observed  dis- 
tances. For  this  purpose  the  time  at  place  is  necessary.  If,  there- 
fore, either  of  the  altitudes  observed  for  the  lunar  is  favourable  for 
determining  the  hour-angle  corresponding,  the  time  may  be  obtained 
from  it,  and  being  compared  with  the  6.  M.T.  found  by  the  lunar, 
the  long,  is  determined.  No.  827. 

If  neither  of  the  altitudes  is  fit  for  the  purpose,  the  time  must  be 
found  as  soon  as  possible  afterwards.  In  this  case,  add  the  interval 
elapsed  to  the  G.M.T.  deduced  by  the  lunar:  the  sum  is  the 
G.  M.  T.  of  the  observation  for  time.  This  time,  compared  with 
M.T.  at  place,  gives  the  longitude. 

Ex.  At  i^  1 1"  i6*  by  watch,  obtained  a  lunar,  which  gave  6.  M.  T.  %^  14*  3a*.  At 
3b  36m  |gt  lyj  vatch,  obtained  an  observation  for  time.  Find  G.  M.T.  at  this  aeoond 
observation. 


T.  by  watch,  of  lonar  3**  i  i"i6* 

Ditto  of  obs.  for  time        3   56   18 

Interval  44   5a 


G.  M.  T.  of  lunar  a^  14*  3a* 

44  5* 
G.  M.  T.  at  ad  obt.  a   59  24 


989.  In  the  Arctic  regions,  in  summer,  the  presence  of  the  sun 
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it  night  prevents  the  stars  from  being  seen :  also  frequent  fogs 
obscure  the  moon.  Hence  the  lunar  observation  is  much  less  avail- 
able there  than  in  other  climates,  and  the  chronometer  in  conse- 
quence more  valuable.* 

990.  The  number  of  observations,  either  for  latitude  or  longitude, 
which  it  may  be  proper  to  take  for  determining  the  ship's  place, 
obviously  depends  on  the  distance  of  the  land  and  on  the  state  of 
the  weather.  For  example,  in  making  a  passage  with  a  trade-wind, 
a  much  less  degree  of  attention  will  be  necessary  than  in  unsettled 
weather,  when  the  D.  R.  cannot  be  kept  with  equal  correctness, 
or  than  when  tlie  ship  is  in  the  neighbourhood  of  the  land  or  a 
danger.f 

It  is  always  advisable,  when  any  observation  is  taken,  to  obtain 
either  at  the  same  time  or  as  soon  as  possible  afterwards,  another  ot 
such  a  kind  that  the  same  error  may  produce  different  effects  on  the 
result ;  whereby  the  two  results  being  in  error  opposite  ways,  their 
mean  will  be  preferable  to  either  separately.  The  kind  of  observa- 
tion proper  for  this  purpose,  in  any  case,  has  been  generally  noticed 
in  the  Degree  of  Dependance.   See  No.  999. 

When  the  observation  consists  of  one  or  more  alts.,  the  errors  of 
observation  may  often  be  removed  at  sea  by  observing  also  the  sup- 
plement of  the  alt.  It  is,  however,  proper  to  remark,  that  when  the 
supplement  is  observed  by  an  ordinary  sextant  or  circle,  it  is,  in  con- 
sequence of  its  greater  magnitude,  much  more  affected  by  the  error 
of  parallelism  (Table  54),  when  this  is  considerable,  than  the  alt. 
itself. 

[4.]  ObtervaHotufor  the  Variation, 

991.  The  Variation  should  be  frequently  observed,  not  only 
because  it  changes  more  or  less  with  the  place  of  the  ship,  but  also 
with  the  direction  of  her  head.  In  sailing  vessels  when  tne  head  is 
K.  or  S.,  the  local  deviation  is  usually  so  small,  that  the  variation 
observed  in  that  case  may  be  taken  as  the  correct  magnetic  varia- 
tion; but  when  the  head  is  in  any  other  direction,  tne  observed 
variation  is  mixed  with  local  deviation  (No.  247,  p.  75),  and  is  there- 
fore not  the  correct  magnetic  variation  for  any  course,  but  is  the 
proper  correction  (No.  247)  for  that  course  only,  for  the  particular 
compass  used,  and  for  the  particular  spot  it  stands  in.  See  also 
Nos.  239,  240,  p.  72.J 

When  the  local  deviation  is  large,  the  variation  may  be  sensibly 
different  on  different  tacks,  and  should  be  observed  on  both  tacks. 

992.  When  both  the  course  and  the  wind  remain  constant,  the 
variation  as  observed  at  any  time  is  precisely  suited  to  the  circum- 

^  "  An  Afioonnt  of  tbe  Arctio  R«gioiiB,"  &e.,  by  W.  Scoresby,  jun.  2to]b.  Ediii<- 
bnrgih,  1820. 

t  Re&nell  remarks  that  the  facilities  afforded  in  these  days  for  finding  longitude  may 
tend  to  dimlniaTi  the  DecessaTT  attention  to  the  reckoning, '  on  the  ground  that  the  next 
^'s  obsenrationi  wJU  set  aU  right.    P.  79. 

t  See  note,  p.  76,  in  which  the  seaman  is  recommended  to  employ  the  variation  as 
^^^Krred  under  tne  circumstances,  instead  of  embarrassing  himself  with  the  local  devialioi| 
•epantdj. 
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Ktances ;  and  hence  ships  in  such  cases  are  enabled  to  keep  ^ood 
reckonings  without  even  suspecting  the  existence  of  local  deviation. 

993.  The  amplitudes  of  bright  stars  and  planets  may  often  be 
well  observed,  especially  about  twilight,  when  the  horizon  is  strongly 
defined.  The  observation  is  most  convenient  at  setting,  because  a 
star  may  be  followed  to  the  place  of  its  final  disappearance  below 
the  horizon ;  but  it  is  not  always  easy  to  identify  a  star  at  rising. 

994.  When  the  variation  cannot  be  observed,  the  last  found 
variation  must  be  carried  on.  It  will  be  easy,  in  such  eases,  when 
the  variation  has  been  constontly  observed,  to  allow  by  estimation 
the  proper  variation  under  the  circumstance^  it  least  within  2P  or  3^, 
until  an  observation  can  be  obtained. 

By  moderate  care  the  errors  of  the  course  due  to  the  compass 
alone  may  thus  be  easily  confined  to  a  quarter  of  a  point. 

995.  As  bearings  taken  in  different  parts  of  the  ship  may  differ 
considerably,  and  as  the  compasses  themselves  do  not  always  agree 
in  the  amount  of  magnetic  variation,  it  is  manifestly  necessary, 
before  precision  can  be  attained,  to  reduce  all  observations  in  which 
the  compass  is  concerned  to  some  one  in  particular  as  the  standard. 
If  a  standard  compass  is  not  fitted  (No.  258,  p.  80),  the  starboard- 
steering  compass  (when  there  are  two)  might  be  considered  as  the 
standard,  provided  it  is  a  good  instrument  of  its  kind. 

To  reduce  a  bearing  taken  by  a  compass  to  that  shewn  by  the 
standard,  it  is  merely  necessary  to  observe  how  the  ship's  head  is  bj 
both  compasses. 

Ex.  By  the  aiimuth  compass  a  peak  bean  N.  47°  E.  and  the  ship's  head  is  S.  i^W.» 
by  the  standard  her  head  is  S.  2°  £. ;  find  the  bearing  of  the  peak  as  it  would  be  shewn 
by  the  standard. 

The  standard  is  3®  to  the  ^  of  the  asinnito  ;  allowing,  tiierefore,  3®  to  the  1^  of  N., 
47°  E.  gives  N.  44°£.,  the  required  bearing. 

996.  No  number  of  observations,  however  great,  affords  the 
means  of  separating,  with  certainty,  the  observed  variation  into  its 
two  components,  namely,  the  correct  magnetic  variation  '  Sind  the 
local  deviation.  Therefore,  when  these  two  are  required  separately, 
and  with  accuracy,  the  variation  of  the  particular  compass  most  be 
determined  out  of  the  ship.    See  Nos.  246,  251 . 

[5.]  CbmbnuOiomfifJUtuUw, 

997.  As  all  observations  are  liable  to  errors,  and  as  given  errors 
of  observation  produce  different  effects  according  to  the  case,  the 
results  of  different  observations  do  not  generally  a^ree. 

In  some  cases  the  same  errors  of  observation  will  cause  all  the 
results  obtained  under  the  same  circumstances  to  be  in  error  the 
same  way,  instances  of  which  occur  in  Nos.  702, 868.  In  other  cases, 
the  effects  of  errors  will  tend  to  compensate. 

998.  In  general,  when  the  particular  errors  with  which  the 
observation  is  affected  are  not  known,  the  mean  of  the  several  n:salt8 
M  employed,  or  the  sum  of  the  results  divided  by  the  nnmber  of 
observations. 
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true,  and  siiioe 
^  ^  .  ^  ^^^>^  great  as  the 

ik^r  is  too  small,  the  mean  of  two  results  will  generally  be  merely 
In  error  than  the  worst. 

d99.  In  taking  the  result  of  observations  affected  by  the  same 
Cfmstant  err&Tj  care  must  be  taken  not  to  mix  those  of  opposite  kinds, 
as  N.  and  S.,  or  £.  and  W.,  but  to  take  the  mean  of  the  two  differ- 
ent rttuUs.  For  Ex. :  Suppose  the  lat.  is  P  28'  by  each  of  two  stars 
N.  of  the  zenith,  and  the  instrument  has  a  constant  error  of  K, 
then  the  lat.  by  one  star  S.  will  be  1^  26^,  and  the  true  lat.,  1^  27', 
is  t!ie  mean  of  P  28'  and  1^  26'.  But  the  mean  of  the  three  results, 
taken  promiscuously,  or  one-third  of  1®  28',  1®  28',  and  1®  26',  is 
1*27' 20",  which  is  not  right. 

The  same  would  be  true,  however  great  the  number  of  observa- 
tions on  one  side,  or  however  small  on  the  other ;  and  hence  it  is 
always  proper  to  make  this  separation,  which  is  also  a  means  of 
detecting  a  constant  error.  For  instance,  if  the  moon*s  semidiameter 
in  the  Naut.  Aim.  is  erroneous,  the  result  of  lunar  observations  of 
one  limb  will  differ  from  that  of  observations  of  the  other  limb ;  and 
the  mean  of  the  two  results,  not  of  the  whole  indiscriminately,  will 
afford  the  true  longitude. 

1000.  When  the  error  of  observation  is  given,  the  amount  of  the 
error  of  the  result  may  be  computed.  Examples  of  this  have 
already  been  given  in  most  of  the  rules  for  the  Degree  of  Dmendance. 
Again,  the  effect  of  a  constant  though  unknown  error  of  observa- 
tion may  sometimes  be  removed,  as  in  No.  861,  where  the  same  error 
in  each  distance  produces  more  or  less  error  in  long.,  exactly  In 
proportion  as  the  moon*s  motion  in  respect  to  each  star  is  less  or 
greater. 

1001.  When  some  of  the  several  results  of  different  observations 

•re  known  from  circumstances  to  be  better  than  others,  it  is  projirr 

^  give  to  the  superior  results  a  greater  weight  or  influence  in  the 

general  determination.  This  is  effected  by  writing  them  down  oftener 

WD  the  others,  and  dividing  the  sum  by  the  number  of  results  thus 

augmented.     For  example,  suppose  a  diff.  long,  by  a  chronometer  A 

i8lMl"18»,  and  by  another,  B,  it  is  Pll"23';  and  suppose  the 

result  of  A  is  estimated  from  its  superior  performance,  or  other 

circumstances,  as  half  as  good  again  as  that  of  B,  that  is,  of  superior 

value  in  the  ratio  of  3  to  2;  then,  writing  down  18*  three  times,  and 

2y  twice,  and  dividing  by  the  sum  of  3  and  2,  or  6,  gives  20^,  or  the 

estimated  result,  V  11"  20^. 

The  preference  of  any  one  result  to  another  under  the  same  or 
different  circumstances,  or  the  degree  in  which  one  may  be  supposed 
Boperior  to  another,  must  be  left  to  that  judgment  or  tact  which  is 
the  result  of  experience  and  constant  attention  to  a  particular  sub- 
ject, as  it  is  obviously  impossible  to  lay  down  rules  of  certain  appli- 
cation for  snch  questions. 

10Q2.  Though  it  usually  happens  that  the  mean  of  several  obser- 
vations is  near  the  truth,  yet,  as  this  is  not  certain,  we  must  not 
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hastily  assume  that  the  mean  of  e?en  a  very  considerable  number  is 
a  definite  determination.* 

It  is  proper  to  bear  in  mind  that  the  chronometers,  when  thej 
agree,  are  eitner  all  right  or  all  wrong ;  but  that  when  they  disagree, 
some  of  them  must  be  wrong.f    See  No.  631. 

1003.  We  shall  here  remark,  also,  that  every  determination 
whatever  is  liable  to  the  suspicion  of  having  been  influenced  by  the 
premature  adoption  of  an  approximate  mean.  For  ex. :  an  observer 
collects  6  or  8  observations ;  2  or  3  of  these  differ  widely  from  the 
rest,  and  they  are  rejected  forthwith.  Succeeding  observations  are 
compared  with  the  mean,  and  admitted  or  rejected  accordingly. 
Now  these  outlying  observations  niav  happen  to  be  as  good  as  the 
others,  if  not  better;  but  by  this  partial  suppression  of  evidence  the 
question  is  prejudged,  and  the  increasing  nnmber  of  observations 
only  tends  to  fix  the  erroneous  detepminalion  more  firmly. 

3.  Laying  off  the  Ship's  Place  on  the  Chart. 

[1.]  Potition  in  Latitude  and  Longitude. 

1004.  As  the  account  of  the  ship's  place  is  closed  at  noon,  the 
ship  is  pricked  off  at  that  time ;  also  at  8  p.m.,  when  the  course  is 
shaped  for  the  night. 

The  ship's  place  is  laid  down  by  observations,  when  these  can  be 
obtained ;  in  other  cases  it  depends  upon  the  D.  R.,  or  frequently 
upon  both. 

1005.  It  is  the  practice  of  some  seamen,  besides  taking  the  ship's 

[)lace  by  obs.,  to  mark  also  her  place,  as  brought  up  by  D.  R.,  from 
ler  former  position  by  observation ;  a  line  joining  these  two  points 
stands  thus  as  a  leg  apart  from  the  ship's  tracK.  When  the  ship 
stands  nearly  on  the  same  course,  and  carries  the  same  wind  for 
some  time,  this  method  has  the  advantage  of  exhibiting  any  constant 
pffect  produced  by  a  current,  or  by  local  deviation,  or  arising  fironi 
not  making  a  proper  allowance  for  lee-way. 

1006.  Since  the  determination  of  latitude  is  absolute  and  inde* 
pendent  (No.  680),  the  lat.  of  the  ship  should  be  marked  whenever  a 
satisfactory  observation  is  obtained. 

1007.  The  longitude,  when  determined  by  chron.,  should  be 
marked  on  the  chart  for  the  time  at  which  the  observation  is  taken, 
because  thus  it  is  unmixed  with  the  errors  of  the  run. 

It  may  be  prudent,  when  there  is  but  one  chronometer  on  board, 
and  when  observations  of  the  moon  are  not  practised,  to  assign  a 

*  Capt.  Fitsroy's  chronometric  measures,  the  results  of  20  or  25  chronometers,  amoanted, 
when  added  together,  to  24^  0"  36*,  or  36*  more  than  the  entire  drcnmferenoe.  Thn  seemed 
to  be  considered,  at  the  time,  as  a  somewhat  onrions  cireomstanoe ;  but  it  is  evident  that 
some  excess  or  defect  was  to  be  looked  for,  since  nothing  but  accidental  compensation 
of  errors  could  produce,  out  of  a  number  of  discordant  elements,  the  predae  quantity 
24''  0"  0«. 

t  Adm  Beechey  acquainted  me  that  on  one  occasion  all  his  chronometers  agreed  within  W 
being  nearly  30^  in  error,  and  that  the  single  chronometer  of  the  Starling,  tiie  tsnder,  was 
right.  As  the  large  majority  was  considered  r^onclusive,  the  error  was  near  leading  ta 
terious  consequcnoes.  ^ 
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^nd  track  to  the  long,  by  D.  B.  alone,  in  the  intervals  of  making 

(/.  '008.  As  a  tolerably  good  watch  alters  its  rate  but  little  from 

8eif  ^  day,  the  ship's  track,  as  laid  down  by  chronometer,  repre- 

(li^^  truly  the  relative  positions  of  the  ship  at  diiFerent  times,  and 

lA^^fore  exhibits  the  true  figvre  of  her  track  for  a  few  days  toge- 

^\  *  Very  nearly;  while  its  absolute  position  in  longitude  may,  at 

W^me  time,  be  erroneous,  if  the  error  on  G.  M.  T.  is  not  well 
^n. 

On  the  other  hand,  since  the  longitude  by  lunar,  though  of 
undoubted  value,  is  not  susceptible  of  much  numerical  precision ; 
the  difference  of  two  longitudes  by  lunar,  separated  by  an  interval 
of  time,  will  not,  in  general,  agree  with  the  diff.  long,  as  measured 
by  a  chronometer.  Hence  the  track  of  a  ship,  as  laid  down  by 
lanars,  would  exhibit  violent  irregularities  of  figure,  while  its  abso- 
lute position  in  longitude  would  not  be  very  far  from  the  mean  of  all 
the  lunar  determinations. 

Accordingly,  when  the  long,  by  chronometer  is  proved  by  lunar 
observations  to  be  much  in  error,  and  it  is  required  to  correct  the 
position  of  the  ship's  track,  it  will  be  proper  to  take  a  mean  position 
among  the  several  positions  by  lunar,  ana  the  lat.  at  the  last  lunar. 
This  point  being  assumed  as  a  departure,  the  track  for  the  time 
previous  may  be  adjusted. 

[2.]  PoHHon  on  a  Line  qf  Bearing,* 

1009.  When  the  lat.  by  ace.  is  uncertain,  the  resulting  long,  by 
chron.  is  uncertain  in  a  corresponding  degree ;  but  this  long.,  far 
from  being  valueless,  is  capable  of  an  important  application^  espe- 
cially when  the  ship  is  near  the  land. 

Duppose  a  second   lat.  by  ace.  near  the  first,  as,  for  ex.,  IC 

S eater,  a  second  long,  by  cnron.  will  be  found  corresponding;  in 
Le  manner  we  may  suppose  a  third  lat.,  with  its  corresponding 
long.,  and  so  on.  Now  these  positions  are  those  points  in  dilferent 
latitudes  at  which  the  same  alt.  is  observed,  and  constitute  the  curve 
or  circfe  of  equal  altitude^  since  the  observer,  moving  over  the  globe 
so  as  to  keep  the  sun  always  at  the  same  alt.,  would  move  on  a 
circle,  the  pole  of  which  is  that  point  where  the  sun  is  vertical. 

The  small  portion  of  this  curve  passing  through  two  positions 
near  together  would  appear,  on  the  chart,  a  straight  line ;  and  thus, 
if  this  line  (being  produced)  passes  through  a  point  of  land  or  other 
object,  the  heanng  of  snch  object  is  known,  though  the  ship's  place 
on  the  line  of  its  direction  is  not  known. 

1010.  The  process  of  finding  the  line  of  equal  alt.  consists  thus  in 

*  Or  "  Snmner's  Method" — '*  A  New  and  Accurate  Method  of  finding  a  Ship's  Position 
tt  Sea,"  by  Ct^t,  I%08,  H,  Sumner.     Boston,  1843. 

In  1843,  Commander  SnlliTan,  R.N.,  not  having  heard  of  this  work,  found  the  line  of 
equal  alt  on  entering  the  River  Plate,  and  identifying  the  ship's  place  on  it,  in  12  fathoms, 
by  means  of  the  chart,  shaped  his  course  np  the  rii^r.  The  idea  may  thus  have  suggested 
ittclf  to  others ;  but  the  credit  of  having  reduced  it  to  a  method,  and  made  it  public,  belongi 
to  Capt.  Sumner. 
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assuming  two  lats.  by  ace.,  finding  the  lone,  by  cbron.  corresponding^ 
to  each,  laying  off  these  two  positions  on  the  chart,  and  joining  them 
by  a  straight  Une. 

Ex.  Dec.  17th,  1837,  at  io>>  a.m.,  lat.  by  ace.  51°  37' N.,  tme  alt.  of  the  aun't  ceutre 
12^  10',  the  chronometer  shewed  lo**  47"  1 3*.    The  red.  decl.  is  23°  23'  S.,  eqnatioii  ttf  time 

3"  37*. 

The  first  hour-angle  computed  with  lat.  51°  is  i^  43"  59^f  which  giTes  long,  hj  chron* 
S^  4i|'  W.  The  second  hour-angle  computed  with  laL  52^ is  !*■  28'"  28*,  which  gives  long;. 
4°4?I'W. 

A  line  drawn  through  these  positions,  vis.  A  in  lat.  51°,  long.  8°  42}',  and  B  in  lat,  52*^9 
long.  4**  49^',  lying  E.N.E.  and  W.S.W.,  tme,  is  that  on  some  point  of  which  the  ship  is 
placed,  and  passes  through  Small's  light,  thereby  shewing  the  bearing  of  the  light,  wherevct 
the  ship  may  be,  within  the  given  limits  of  latitude. 

B 


1 


61* 


4«W- 


The  li^^thoQse  was  made  in  the  course  of  an  hour,  and  the  true  place  of  the  ship  fboiid 
to  be  at  C  i  the  latitude  by  account  was  thus  ascertained  to  hare  been  in  error  8'. 

1011.  When  the  coast  trends  parallel  to  the  line  of  equal  alt., 
the  distance  of  the  ship  from  the  shore  is  ascertained,  though  her 
absolute  position  is  uncertain.  When  the  observation  is  near  noon, 
the  line  of  equal  alt.  lies  nearly  E.  and  W.,  and  the  bearing  of  laud 
in  this  direction  is  ascertained,  as  is  otherwise  evident;  but  when 
the  sun  is  near  E.  or  W.,  the  line  of  equal  alt.  lies  nearly  N.  and  8., 
and  the  position  of  the  ship  depends  altogether  on  the  chronometer. 

1012.  Since  the  direction  of  the  sun  is  8  pts.,  or  90°  from  every 
point  of  the  circle  of  equal  alt.,  a  line  drawn  perpendicular  to  the 
line  of  equal  alt.  on  the  chart  shews  the  direction  of  the  sun,  and 
therefore  his  true  azimuth.* 

1013.  A  second  observation,  of  the  same  body,  or  different  bodies, 
gives  a  second  line  of  equal  alt,  and  the  intersection  of  the  two  lines 
gives  the  position  of  the  ship,  which  may  thus  be  obtained  by  projec- 
tion, without  the  computation  of  a  double  altitude.  The  intersection 
is  most  distinctly  marked  when  the  lines  cross  nearly  at  right  anf^les, 
according  to  the  precept  No.  749  (2),  which  directs  that  the  diff.  of 
bearing  should  be  near  90°. 

The  resulting  latitude  is  independent  of  the  error  of  the  watch, 
which  may  be  assumed  at  convenience,  so  as  to  throw  the  projection 
within  the  limits  of  the  chart  employed. 

When  the  ship-  changes  her  place,  the  second  observation  is 
reduced  by  carrying  the  fine  projected  (moving  it  parallel  to  itself) 
along  the  course  and  dist.  made  good  by  the  ship. 

*  Hence  the  line  of  equal  alt.  may  itself  be  expeditiously  drawn,  by  means  of  the  asinu 
No.  676,  p.  224  ;  No.  752,  p.  246. 
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^kJ014.  As  the  sun  rises  and  sets  to  half  the  ^lobe,  the  circle  of 
|l^i  altitude  at  rising  and  setting  is  the  entire  circumference.  On 
^^  other  hand,  when  he  is  in  the  zenith,  this  circle  is  reduced  to  a 
tnere  point,  or,  for  oppomte  points  of  the  sun's  disc,  covers  32  sea- 
miles.  When  the  alt.  is  89^  5(/,  the  radius  of  this  circle  is  !(/,  or  its 
extent  is  20  miles;  when  the  alt.  is  50^,  the  radius  is  40^,  or  the 
extent  80^.  Thus  when  the  son  is  low  this  circle  is  large,  the  sn^all 
portion  of  it  comprised  between  two  assumed  lats.  Tery  nearly  a 
straight  line,  and  the  sun's  azim.  the  same  from  both  ends ;  but 
when  he  is  high  the  circle  is  «mall,  a  small  portion  of  it  may  be 
much  curved,  and  the  direction  of  the  two  extremities  very  different ; 
that  is,  the  bearing  of  the  land,  and  the  sun's  azimuth,  may  be  sen- 
sibly different  from  different  parts  of  the  same  portion.  An  error 
in  the  assumed  lat.  has  therefore  most  effect  when  the  alt.  is  high, 
and  least  when  it  is  low,  which  last  is  consequently  always  the  pre- 
ferable case. 

The  value  of  the  method  depends  entirely  on  the  lat.  assumed 
being  near  the  truth. 

As  the  change  of  1  mile  in  the  observer  s  place  changes  the  alt. 
V,  the  effect  of  an  error  of  alt.  is  shewn  by  moving  the  line  parallel 
to  itself  through  the  same  amount. 

An  error  in  the  chronometer  places  the  line  of  equal  alt.  too  far 
E.  or  too  far  W,^  bodily,  but  does  not  alter  its  direction. 


III.  Determining  the  Current. 

1015.  The  direction  and  rate  of  the  current  are  found  from  the 
change  of  place  of  the  ship,  or  from  experiment. 

In  No-  297  examples  are  given  of  finding  the  current  by  the 
comparison  of  the  place  of  the  »hip  by  D.  K.  with  that  by  observa- 
tion, and  also  by  reference  to  the  land.     In  consequence,  however, 
of  the  unavoidable  errors  of  the  reckoning,  such  determinations  must 
*^  fiur  from  conclusive ;  and  there  is  no  doubt  that  currents  are 
often  assumed  to  account  for  discrepancies  between  the  D.  B.  and 
obsepYation.    The  only  decisive  method  is,  evidently,  to  determine 
*"*«'ouoinically  the  plaee  of  a  floating  body,  or  substance  not  exposed 
^  the  action  of  the  wind,  at  interval  of  time. 

When  the  vessel  is  at  anchor,  the  current  may  be  ascertained  by 

log.    The  local  deviation  must  be  corrected,  if  considerable. 

1016.  As  currents  are  considered  to  prevail  for  a  very  small 

^tl\on  of  the  depth  of  the  ocean,  it  has  been  recommended  to  sink  a 

^^ht  to  a  considerable  depth  to  serve  as  an  anchor  for  a  boat,  from 

^bich  the  current  at  the  surface  is  determined  by  the  compass  and 

the  log- 

This  method  however  can,  obviously,  discover  only  the  difference 
between  the  current  at  the  surface,  and  that  at  the  depth  to  which 
the  weight  is  lowered 
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IV.  Revolving  Storms. 

1017.  Attention  has  been  of  late  years  directed  to  the  considera- 
tion of  those  violent  storms  which  occar  at  certain  periods  of  the 

J  ear  in  low  latitudes,  and  are  called  Hurricanes  in  the  West  Indies, 
ndian  Ocean,  and  other  places,  and  Typhoons  in  the  China  Sea.* 

The  examinations  of  the  logs  of  ships  that  have  encoantered 
these  tempests,  and  of  the  accounts  received  from  places  exposed  to 
<hem,  have  established  two  facts, — 1,  that  the  wind  revolves  round 
an  axis  with  great  rapidity ;  and,  2,  that  while  thus  revolving  th& 
storm  is  carried,  at  its  first  formation,  bodily  to  the  westward, 
northerly  in  N.  lat.,  and  southerly  in  S.  lat. ;  after  which  it  some- 
times returns  to  the  eastward. 

1018.  The  direction  of  the  revolution  is,  in  N.  lat.,  against  the 
hands  of  the  watch;  in  S.  lat.  with  them,  thus: — 

F^.  2.    S.  Lit 

Bqnator 


Equator 


1019.  The  curve  described  by  the  wind  round  the  focus  or  centre 
is  of  a  spiral  kind,  as  is  exhibited  by  whirlwinds ;  but  for  practical 
purposes  we  may  suppose  each  small  portion  of  it  to  be  part  of  a 
circle  whose  centre  is  the  focus.  Hence,  as  the  circle  or  its  tangent 
is  perpendicular  to  the  radius  (No.  138),  the  focus  is  90^,  or  8  pts., 
from  the  direction  of  the  wind. 

In  N.  lat.  the  revolving  wind  is  always  turning  to  the  kft^  that 
is,  if  the  wind  is  N.W.,  it  will  presently  be  N.W.  b.  W. ;  hence  if 
the  observer  stands  with  his  back  to  the  wind,  the  focus  will  be  8  pts. 
on  his  left  hand. 

In  S.  lat.,  on  the  contrary,  the  wind  is  always  turning  to  the 
rights  and  the  focus  is  to  the  right  of  the  spectator  with  his  back  to 
the  wind.     See  also  No.  1023. 

1020.  Direction  and  Rate  of  Progre$s.  (1.)  As  the  storm  ad- 
vances to  the  westward,  it  is  deflected  more  and  more  from  the 
equator,  and  is  sometimes  found,  in  lats.  above  20^  or  25^  N.  or  S., 
to  turn  to  the  eastward. 

The  West  Indian  hurricanes  appear  to  commence  about  66^  W. . 
isome,  proceeding  to  the  N.N.W.ward,  preserve  their  direction  till 

*  <*  Attempt  to  derdope  the  Law  of  Storms,"  1st  ed.  183S,  2d  ed.  1841. 
t  To  reooliect  these  figs.,  obseire  that  fig.  1  is  drawn  like  a  6 ;  fig.  2  is  a  6  rerened,  of 
Its  fig.  ou  the  back  of  the  PH^er,  both  beginning  at  the  top. 
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xhey  disappear,  passing  over  the  Oulf  of  Mexico;  ^hiU  others 
ino?e  more  northerly,  involving  the  American  coast,  Bermada,  and 
the  Azores.  The  northernmost  case  recorded  is  48®  N.,  near  New- 
foundland. 

In  the  Bay  of  Bengal  they  mostly  proceed  from  between  E.  and 
S.  In  the  Indian  Ocean  they  appear  to  form  in  aboat  10®  S.,  to  the 
westward  of  Java,  whence  they  proceed  W.S.W.ward  to  28®  or 
30^  S.,  on  to  the  coast  of  Africa,*  taking  often  a  more  southerly 
coarse  about  Mauritius,  after  which  they  sometimes  move  E.S.E.- 
wards.  The  southernmost  cases  recorded  are  37®  S.,  in  long. 
9^  E.,  and  also  in  72®  E.  On  the  N.  W.  coast  of  Australia  storms 
have  moved  from  N.E.  to  S.W.  In  the  China  Sea  the  typhoons 
proceed  from  between  N.E.  and  S.S.E.  None  are  met  with  between 
d®  N.  and  3®  S.  In  the  North  Pacific,  from  Japan  to  the  Ladrones 
or  Marianas,  they  move  from  between  N.E.  ana  S.E. 

(2.)  The  rate  at  which  the  storms  travel  appears  to  be  different 
in  different  seas,  and  also  to  depend  upon  the  age  or  period  of  the 
progress. 

The  West  Indian  and  North  American  hurricanes  are  stated  to 
move  from  9  to  43  miles  an  hour ;  those  in  the  Bay  of  Benral  from 
2  to  39,  or  more  usually  3  to  15  miles  an  hour;  in  the  China  Sea 
from  7  to  24.  In  the  Indian  Ocean  the  storm  moves  more  rapidly 
at  first,  and  then  steadily  about  200  miles  a-day,  decreasing  about 
21)0  S.,  and  ceasing  with  the  limits  of  the  Trades. 

1021.  The  changes  of  wind  experienced  by  a  ship  are  explained 
thus: — 

(I.)  In  N.  lat.,  the  storm  moving  Westwards.  The  ship  at  A  is 
taken  by  the  S.W.  edge  of  the  storm  when  the  wind  is  N.W.,  at 
arrow  No.  1,  fig.  No.  1018.  As  the  storm  passes  over  her  to  the 
westward,  the  result  is  the  same  as  if  she  passed  under  it  to  the 
eastward,  and  she  finds  the  wind  W.N.W.,  as  at  arrow  No.  2.  Afler 
Pwsing  through  west,  it  blows  from  W.S.W.,  at  3,  and  leaves  her 
blowing  8.W.,  at  4. 

If  the  ship  is  taken  by  the  N.W.  edge,  as  at  B,  the  wind  first 
encoQntered  is  about  N.E,  and  after  veering  through  east,  E.  b.  S., 
^■>  it  leaves  her  about  S.E. 

If  the  storm  is  moving  bodily  to  the 
southward  also,  the  wind,  after  coming 
on  at  A,  at  N.W.,  will  veer  as  above, 
and  leave  her  at  a  point  further  to  the 
southward,  or  to  the  left  of  S.W.,  as 
about  S.S.W.,  at  A',  the  line  A  A'  be- 
ing parallel  to  the  central  line,  shewing 
the  motion  of  the  whole  to  the  W.S.W. 
If  the  wind  take  her  at  B,  at  N.E.,  it 
will  leave  her  at  B',  about  E.S  E.,  or 
to  the  left  of  S.E. 

*  **Kn  Inqairy  into  the  Natare  and  Conne  of  Storms  in  the  Indian  Ocean,  South  of 
the  Equator,"  oy  Alex.  Thom.  London,  1845,  p.  201.  This  work  contains  extracts  from 
tbe  logs  of  fifteen  ships  which  suffered  in  the  Rodriguez  hurricane  of  April  1843. 
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If  the  whole  moves  bodily  to  the  northward,  the  wind  will  leave 
the  ship  further  to  the  riffbt  than  if  its  coarse  was  due  W.* 

The  storm  moving  Eastwards.  If  the  ship  is  at  the  South  posi- 
tion, as  at  A',  she  will  first  experience  the  wind  from  the  S.W. 
quarter,  and  if  she  is  at  the  r^ortbem  position,  from  the  S.£. 
quarter.  The  reader  will  easily  supply  a  figure  like  that  above, 
changing  the  head  of  the  central  arrow  to  the  right,  and  laying 
it  N.E.ward  or  S.Kward,  according  as  he  wishes  to  consider  the 
storm. 

(2.)  In  S.  lat.  The  ship  at  A,  fig;.  2,  No.  1018,  is  taken  by  the 
S.W.  edge  of  the  storm  when  the  wind  is  blowing  from  the  S.E. 
quarter.  If  she  is  at  the  Northern  portion,  as  at  B,  the  wind  will 
come  from  the  S.W.  quarter. 

The  fig.  above  is  adapted  to  the  opposite  motion  of  the  wind  by 
simply  reversing  the  position  of  the  curved  arrows,  and  the  reader 
will  easily  supply  the  other  varieties  of  this  case  corresponding  to 
those  in  N.  latitude. 

1022.  If  the  ship  is  directly  in  the  path  of  the  storm,  or  on  the 
long  arrow,  it  appears,  on  inspecting  the  figures,  that  the  wind  re- 
mains unchanged  in  direction  (because  this  line  crosses,  as  a  diameter, 
all  the  circles  at  right  angles,  No.  138),  until  the  focus  passes  over 
her,  when  it  suddenly  blows  from  the  opposite  point.  This  accouDta 
for  the  sudden  shift  of  wind  to  the  opposite  point,  after  the  lull  or 
calm  which  usually,  but  not  always,  prevails  at  the  centre. 

Hence  the  constancy  of  the  wind  to  the  same  p<Hnt  would  ahew 
that  the  ship  is  in  the  path  of  the  focus,  while  the  gradual  veering 
proves  she  is  on  one  side  of  it. 

1023.  The  wind  experienced  by  the  observer  is  the  combined 
effect  (or  resultant)  of  two  motions  of  the  air, — 1,  the  revolving 
motion,  which  is  different  at  different  points,  and  2,  the  progressive 
motion,  which  is  the  same  for  all  points.  Thus  if  the  wind,  at  the 
ship's  place,  is  carried,  in  its  revolution,  S.S.W,  60  miles  an  hour, 
ana,  by  the  general  movement,  or  translation,  W.  b.  S.  22  miles  an 
hour,  the  wind  experienced  on  board  will  be  S.W.  by  S.  75  miles 
an  hour  (by  traverse  sailing).  The  knowledge  of  this  result,  how- 
ever accurately  measured,  can  be  of  no  service  in  ascertaining  the 
real  course  of  the  storm,  since  the  velocity  of  revolution  cannot  be 
known.  The  velocity  of  revolution  so  much  exceeds,  in  general,  that 
of  progression,f  that  it  is  not  worth  while  to  bestow  much  attention 
on  the  difference  between  the  two  apparent  directions  of  the  wind  ; 
besides  which,  the  irregularities  of  a  violent  tempest  will  mask  minor 


*  In  the  oover  of  the  '*  SaUon'  Horn-Book  for  the  Law  of  Storms,"  &c.  by  H.  Pid. 
dington,  London,  1848,  are  two  burricane'Cards,  one  for  each  lat.  N.  and  S.,  engrared  with 
concentric  circles  like  this  fignre,  shewing  the  direction  of  the  revolving  wind.  The  proper 
eard  being  laid  on  the  chart,  and  so  placed  that  the  particular  wind  blowing  at  the  time 
passes  over  the  ship,  shews  the  bearing  of  the  focos  (not  its  distance).  These  **  cards,"  or 
scales,  are  made  of  horn,  but  they  may  be  made  of  transparent  paper,  and  are  Tery 
convenient. 

The  "  Horn- Book"  contains  charts,  shewing  the  tracks  of  hurricanes  in  various  seas. 

t  The  Orient  hove  to  ai^d  bore  up  into  the  hurricane,  and  again  hove  to,  finding  that 
its  slow  progress  allowed  the  ship  to  overtake  it.     N.  Mag.  1847. 
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effeets.  It  is,  however,  proper  to  allude  to  the  circumstance,  because 
it  must  necessarily  cause,  on  some  occasions,  a  sensible  modification. 
Thos,  the  focus  will  not  be  exactly  8  pts.,  but  more  or  less,  from  the 
apparent  direction  of  the  wind,  according  to  the  observer's  place  in 
the  storm ;  and  it  seems  likely  that  if  the  progression  is  very  rapid 
and  the  revolution  slow,  as  at  the  outer  limits,  there  may  be  a  calm, 
or  the  apparent  direction  of  the  wind  there  may  be  altogether  re- 
versed. 

.  1024.  Dimensions.  The  W.  India  hurricanes  are  said  to  increase 
from  100  or  150  miles  in  diameter  to  600,  or  even,  in  some  cases,  to 
1000 ;  in  the  Bay  of  Bengal  from  300  to  360 ;  and  in  the  China  Sea 
from  60  to  250  miles. 

The  central  calm  space  has  been  found  to  extend  20  miles ;  it  is 

said  to  be  largest  at  first,  and  to  decrease  afterwards.    The  calm  has 

continued  various  intervals,  from  a  few  minutes  to  8  hours ;  and 

short  calms,  alternating  with  violent  gusts,  have  been  experienced. 

The  depth  or  height  seems  not  to  exceed  a  mile,  if  so  much,  and  is 

endently  so  inconsiderable  with  respect  to  the  diameter,  that  the 

Btorm  has  the  form  of  a  revolving  disc.    Light  has  been  perceived 

over  head  when  the  focus  was  passing  over  the  ship,  and  also  the 

sun  or  stars  seen,  while  the  hurricane  was  raging,  and  the  ship 

snrroonded  by  a  dense  bank  of  clouds,  on  all  sides,  at  a  few  miles' 

distance. 

1025.  Whilst  the  storm  keeps  its  form  and  dimensions,  a  ship,  to 
be  taken  by  it,  must  evidently  be  npon  the  advancing  edge  or  semi- 
circle, but  if  it  is  increasing  its  size,  it  may  envelope  her  also  when 
N.  or  S.  of  the  centre,  or  even  to  the  eastward  of  the  north  and  south 
diameter.  As  the  Si,orm  increases  by  degrees,  and  does  not  sud- 
Jenly  appear  in  its  full  extent,  irregularities  in  the  phenomena  will 
no  doubt  often  occur  towards  the  edges. 

Some  storms  are  stated  to  have  divided  into  two ;  in  other  cases 
two  or  more  have  coalesced  into  one,    ("  Horn-Book.") 

It  may  also  be  expected,  that  the  focus  itself  will  sometimes  have 
A  spiral  or  tortuous  motion ;  so  that,  in  fact,  the  wind  may  exhibit 
tbe  most  perplexing  irregularities,  while  the  fttorm»  notwithstanding, 
M  strictly  a  revo\ying  one. 

1026.  If  the  ship  scuds,  she  will  obviously  run  round  and  round 
^e  centre,  as  some  ships  are  recorded  to  have  done.  If  compelled 
^beave  to,  that  tack  should  be  selected  on  which  the  wind  draws 
^  because,  from  the  extreme  violence  of  the  wind,  there  is  danger, 
iHt  should  head  the  ship,  of  her  getting  stern  way.  In  N.  lat.,  in 
^°^  N.  portion  of  the  hurricane,  the  ship  should  heave  to  on  the 
f^board  tack ;  on  the  S.  portion,  on  the  port  tack,  as  recommended 
*>y  Col.  Reid.     The  contrary  in  S.  lat. 

While  the  ship  can  run,  the  object  is  to  make  for  the  nearest 
^^ge  or  limit,  which  will  be  easily  shewn  by  a  diagram :  thus,  in  fig.  1, 
?•  ^,  the  ship  A  will  make  to  the  southward  and  westward,  B 
to  the  northward. 

The  chief  object,  in  general,  is  to  avoid  the  focus  where  the  sea  is 
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most  confused,*  and  where  a  sudden  and  violent  change  of  wind 
occurs  from  an  unexpected  quarter. 

In  certain  cases,  when  the  circumstances  could  be  confidently 
reckoned  upon,  a  ship  has,  with  advantage,  made  a  fair  wind  of  part 
of  a  hurricane.  Running,  however  (as  observed  by  Stormy  Jack, 
N.  Mag.  1843),  is  attended  with  the  risk  of  losing  the  masts  and 
upsetting,  or  broaching  to,  as  it  is  very  difficult  to  take  in  sail  in  a 
violent  wind.  And  again,  in  consequence  of  the  variable  path  of 
the  storm  in  higher  lats.  it  is  only  in  low  lats.  that  such  a  course 
could  be  taken. 

1027.  Periods  of  theyear.  In  the  W.  Indies  hurricanes  occur 
from  June  i  to  October  31,  the  worst  months  by  far  being  August 
and  September.  In  the  Bay  of  Bengal,  chiefly  in  May,  October,  and 
November :  none  in  February,  July,  or  September.  In  the  China 
Sea,  June  to  November ;  the  worst  month  is  September  by  fiir ;  none 
have  occurred  from  December  1  to  May  31.  In  the  Indian  Ocean, 
September  to  May,  February  and  March  being  the  worst ;  and  in 
the  S.  Pacific  December  and  February. 

Several  years  often  pass  without  a  hurricane. 

1028.  Indications.  (1.)  As  waves  may  be  propagated  with  great 
rapidity,  a  swell,  more  or  less  confused,  has  often  been  noticed  as 
the  indication  of  an  approaching  or  passing  hurricane.  H.M.S. 
Isis,  450  miles  to  the  N. W.  of  Kodriguez,  met  with  an  enormous 
sea  rolling  from  the  S.E.,  about  the  time  of  the  hurricane  at  that 
island  in  Feb.  1844.    Thorn,  p.  102. 

(2.)  A  clouded  sky  generally  accompanies  bad  weather  at  sea ; 
but  all  accounts  describe  a  hurricane  as  attended  by  a  remarkably 
dense  bank  of  cloudy  of  a  dark  or  leaden  appearance.  A  hurricane 
has  thus  been  seen  to  pass  places  which  it  did  not  visit.  The  bank 
of  cloud  has  been  noticed  before  the  fall  of  the  barometer,  and,  ac- 
cording to  Dampier,  ^'  is  sometimes  seen  12  hours  before  the  whirl- 
wind comes  on ;'  scud,  often  flying  in  different  directions,  is  of  course 
a  sign  of  nearer  approach. 

(3.)  An  unusual  glare  or  colour  in  the  light,  more  commonly  of 
a  red  tint,  has  oft;en  been  noticed.f 

(4.)  A  noise  in  the  air  has  been  frequently  remarked  before 
storms. j:    Some  instances  are  given  in  the  '*  Horn-Book,*'  p.  157. 

(5.)  One  of  the  most  important  indications  in  the  tropics,  i<« 
afforded  by  the  barometer,  because  the  height  of  the  mercury  is,  in 
those  regions,  very  nearly  constant.^ 


*  From  the  iiiterference  of  the  systems  of  wares  due  to  different  winds,  the  appearanoo 
of  a  regular  sncoesrion  is,  according  to  some  descriptions,  obliterated,  the  water  rising  and 
felling  in  pyramidal  heaps. — ''  Horn-Book."  The  sea  has  also  been  obsenred  to  subside  in 
a  very  unasual  and  sudden  manner. 

t  A  himinous  appearance  in  the  horizon  denotes,  in  the  Arctic  regions,  the  directlop  of 
a  coming  gale.  **  An  Account  of  the  Arctic  Ri^ons,  with  a  History  and  Description  ot  tlM 
Northern  Whale  Fishery,"  by  W.  Scoresby.    Edinb.  1820.     P.  398. 

t  **  Arctic  Regions,"  p.  398. 

§  In  the  Tndian  Ocean  a  fall  of  0*2  or  0*3  should  bo  attended  to. 
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The  barometer  generally  falls  slowly,  bat  steadily,  for  some  time 

trevioQS  to  a  hurricane;*  its  fall  continues  gradual  after  the  storm 
as  commenced,  ontil  the  focus  draws  near,  when  it  becomes  much 
more  rapid.  At  or  near  the  focus,  the  mercury  is  at  its  greatest 
depression.  The  extreme  fall  recorded  is  from  29*0  to  26*3,  or  2*7 
inches,  and  it  has  been  supposed  to  have  fallen  still  more.  The 
most  rapid  fall  is  }ths  of  an  inch  in  1  hour.  Horn-Book,  p.  200. 
The  quicksilver  has  been  also  observed  to  fluctuate  before  a  hurri- 
cane, rising  and  falling  A-ths  of  an  inch  or  more  in  a  few  minutes. 

If  the  ship  moves  along  with  the  hurricane,  taking  part  in  its 
progress,  the  barometer  may  remain  very  nearly  stationary ;  while, 
if  she  was  hove  to,  and  suffered  the  storm  to  pass  over  her,  it  would 
exhibit  the  indications  proper  to  the  changing  circumstances. 

It  has  also  been  found  that,  previously  to  a  hurricane,  the  baro- 
meter has  stood  higher  than  usual.  This  has  been  accounted  for 
(Reid,  p.  518)  by  supposing  that  the  advancing  whirlwind  interferes 
with  the  usual  progress  of  the  winds,  and  tends  to  heap  up  the  air 
in  its  path,  thereby  increasing  its  pressure  or  weight. 

Col.  Seid  considers  that  the  indications  of  a  progressive  re- 
volving gale  are  a  descending  barometer,  with  a  regularly  veering 
wind,  or  with  the  wind  suddenly  shifting  to  the  opposite  point,  as 
also  an  increase  of  warmth  and  moisture  ;i'  and,  on  the  other  hand, 
that  a  high  and  stationary  barometer  attends  a  wind  constant  to  the 
same  point. 

The  wind  has  often  been  observed  to  moderate  soon  after  the 
commencen^ent  of  a  hurricane,  and  ships  have  been  tempted  to  make 
sail  too  soon.  It  is,  therefore,  recommended,  in  such  cases,  to  wait 
for  a  decided  rise  of  the  barometer. 

(6.)  In  regard  to  electrical  phenomena,  these  occur  variously. 
Mr.  Tbom  considers  that  lightning  chiefly  appears  on  the  portion 
of  the  storm  nearest  the  equator,  p.  197.  A  hurricane  at  Carta- 
gena, Oct.  21,  1823,  was  attended  with  extraordinarily  severe  light- 
uing.    Naut.  Mag.  1844. 


V.  Making  the  Land. 

1029.  When  confidence  cannot  be  placed  in  the  correctness  of 
the  longitude,  it  is  proper,  if  circumstances  permit,  to  make  the 
latitude  of  the  port,  and  then  to  run  on  the  parallel  for  it. 

1030.  On  approaching  the  land  it  will  be  prudent  to  charge  the 
ship's  place  with  some  maccuracy;  and  the  best  reckoning  can 
never  supersede  the  necessity  of  a  vigilant  look-out. 

*  Hie  barometer  has  been  nniteady  loiDe  dayi  before  a  typhoon,  Tsryfaig  from  29*4  to 
28*9.  M.  Mag.  1843.  Cases  are  however  cited  in  which  no  warning  was  given.  Horn- Booh, 
p.  190. 

t  An  enormous  quantity  of  rain  is  a  characteristic  of  hurricanes.  A  considerable  rise  also 
fai  the  water  aometimes  takes  place.  AtPortoRioo,  in  1837,  the  water  rose  30  feet.  K.Mag. 
1843.  ^  . 

A  A 
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1031.  When  the  land  is  made,  the  ship's  place  shoald  at  onoe  be 
laid  off  by  the  reckoning ;  for  th«  reckoning  may  be  good,  and  if  80| 
the  ship's  position,  as  laid  down,  will  be  correct,  or  nearly  so. 

And,  again,  it  is  not  uncommon  on  making  the  landf,  especially 
in  defective  light,  or  on  a  new  bearing,  and  consequently  under  an 
unaccustomed  aspect,  to  mistake  one  point  for  another,  or  to  make 
a  considerable  error  in  estimating  the  distance.  Now  the  position 
laid  down  is  that  by  which  the  ship's  course  is  shaped  on  the  chart, 
and  if  it  depends  on  an  erroneous  bearing  or  distance,  it  may  lead 
her  too  near  the  shore  or  a  danger ;  the  practice,  therefore,  may 
furnish  a  check  against  a  yery  serious  mistake. 

1032.  Navigation  among  coral  reefs  is  facilitated  by  the  clear- 
ness of  the  sea- water.  On  the  reefs  on  the  east  coast  of  Australia,  a 
depth  of  6  fathoms  was  seen  from  the  mast-head,  at  the  distance  of 
half  a  mile ;  in  7  fathoms  a  patchy  bottom  was  well  made  out  from 
the  boat's  gunwale;  but  in  10  fathoms  tho  bottom  was  scarcely  dis- 
tinguishable from  the  dark  blue  of  the  opeu  sea.* 

The  water  in  the  Feejee  Islands  was  so  clear  that  the  ship,  to  the 
eye  at  the  masthead,  appeared  to  be  on  the  coral  (U.S.  Exploring 
Expedition). 

1033.  In  navigating  among  the  coral  reefs  of  the  Feejees,  it  is 
recommended,  as  essential  to  safety,  that  the  day  should  be  clear,  the 
sun  behind  the  ship,  the  water  low,  and,  when  the  shoals  are  not 
clearly  distinguished,  that  the  ship  should  anchor  if  possible.f  When 
the  sun  draws  ahead,  coral  patches  become  less  distinct;  and 
hence  it  is  recommended,  when  making  for  the  Barrier  Reefs  from 
the  eastward,  to  shorten  sail  in  the  afternoon  (Sail.  Directions  by 
Capt.  F.  P.  Blackwood,  Naut.  Mag.  1844,  p.  651). 

It  is  also  remarked  that  the  look-out,  when  placed  half-way  up 
tJie  rigging  on  these  occasions,  sees  better  than  from  the  mast-heao, 
whero  the  eye  is  dazzled  by  the  glare. 

fl'a/«r. 

1034.  The  supply  of  water  is  a  matter  of  so  ^eat  conseauence  as 
to  justify  a  slignt  deviation  from  formal  strictness  of  aesim  in 
allusion  to  it.  Most  of  the  places  at  which  water  is  procured  are 
denoted  in  Table  10  by  the  letter  w,  but  there  are  some  general 
suggestions  on  the  subject  which  may  be  highly  important  on  occa- 
sions, and  which  it  is,  therefore,  worth  while  to  collect  here  for 
reference,  more  especially  as  the  various  works  through  which  thej 
are  scattered  cannot  be  generally  accessible  to  8eamen.:|: 

(1.)  The  water  carried  by  rivers  into  the  sea  is  often  found  at  a 
considerable  distance  beyond  the  mouth.     For,  a  cubic  foot  of  fresh 

«  NamtiTe  of  the  Snmjriiig  Voyage  of  H.M.S.  Fly,  Ctft,  F.  B.  BlMktrood,  id  1842-6, 
p.  10,  London,  1847.  Capt.  Runsay  tdls  me  that  in  examining  the  Terrible  Shoal  (2  leagvea 
to  the  eastward  of  Graham  Shoal),  in  1848,  the  bottom  waa  seen  to  consist  of  pointed  reeks 
in  15  fathoms. 

t  Remark  Book  of  H.M.S.  Calypso,  Capt.  H.  Worth. 

%  In  speaking  of  the  supply  of  water,  it  may  not  perhaps  be  irreletant  to  namA,  Hiaft 
the  praetioe  of  watering  day  and  night  in  the  tropics,  for  the  purpose  of  saring  a  little  timr, 
is  a  certain  source  of  sickness  and  mortality. 
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water  weighs  1000  oz.  avoirdupois,  while  a  foot  of  salt  water  weighs 
1028  oz. ;  the  fresh  water  is  thus  lighter  than  salt  in  the  ratio  of 
100  to  103,  or  by  1  part  in  34  parts ;  and  hence,  when  running  into 
salt  water,  diffuses  itself  over  the  surface,  where  it  remains  till  mixed 
by  the  agitating  effect  of  the  wind  or  other  causes.  Numerous  in* 
stances  are  recorded  of  fresh  water  being  thus  found  at  considerable 
distances  from  the  shore.  Dampier,  whose  interesting  voyages  con* 
tain  sagacious  remarks  on  almost  every  circumstance  that  deserres 
the  attention  of  seamen,  relates  that,  being  about  2  miles  outside  a 
small  river,  near  Achen,  in  Sumatra,  they  *'  found  the  water  of  a 
muddy  grey  colour,  and  on  tasting  it  found  it  fresh  ;*'  and  he  adds, 
that  in  such  cases  *'  we  must  dip  but  a  little  way  down,  for  sometimes 
if  the  bucket  eoes  but  a  foot  deep  it  takes  up  salt  water  with  the 
fresb."  A  simuar  circumstance  happened  to  the  crew  of  the  AIceste*s 
baree,  when  conveying  Lord  Amherst  to  Bataria,  after  the  wreck 
of  the  ship,  on  his  return  from  his  embassy  to  China  in  1817.  Ships 
have  watered  two  miles  outside  one  of  the  mouths  of  the  Mississippi, 
the  end  of  the  suction-hose  bein^  carefully  kept  just  below  tiie 
sor&ce.  On  the  like  occasions  it  has  been  observed  that  the  water 
has  been  fresh  on  one  side  of  the  ship  and  salt  on  the  other,  the 
difference  (which  of  course  is  only  superficial)  being  due,  no  doubt, 
to  the  protection  afforded  by  the  ship  on  one  side  against  the  effect 
of  the  wind  to  mix  the  waters. 

(2.)  When  rain  falls  on  sand  contiguous  to  the  sea,  the  sand 
protects  it  from  agitation,  and  it  may  remain  a  considerable  time 
anmized  with  the  salt  water.  Accordingly,  water  is  often  found, 
especially  after  a  shower,  by  digging  in  sand,  taking  care  to  remove 
it  slowly ;  and  advantage  may  no  doubt  be  occasionally  taken  of  the 
vicinity  of  a  sandy  shore  or  island  to  recruit  water. 

The  troops  being  greatly  distressed  for  want  of  water  in  Egypt, 
Sir  Sidney  Smith  pointed  out,  that  wherever  date-trees  grow,  water 
was  to  be  found;  and  a  hole  having  been  dug  by  his  directions 
near  some  trees  of  this  kind,  and  a  cask  sunk  in  it,  a  supply  was 
obtained. 

Adm.  W,  H.  Smyth  (in  his  Memoir  descriptive  of  the  Resources, 
&c.  of  Sicily  and  its  Islands,  London,  1824,  p.  112)  states  that  on 
both  sides  of  the  Channel  (the  Faro  of  Messina),  pure,  though  rather 
bard,  fresh  water,  is  procured,  by  digging  a  hole  in  the  sand,  within 
two  or  three  feet  of  the  margin  of  the  sea ;  this  supply  is  obtained 
by  the  filtering  of  the  fiumare  (torrents),  the  beds  of  which,  though 
apparently  dry,  are  never  utterly  so.  The  shores  here  alluded  to 
are  wride  and  flat,  and  consist  of  sand  and  gravel. 

In  the  sailing  directions  for  the  North  Atlantic,  it  is  stated  that 
water  is  always  procurable  near  the  Is.  de  Los,  by  digging  near 
the  root  of  a  cocoa-nut  tree.  Adm.  Beeehey  describes  water  as 
found  by  digging  in  the  coral  rock,  and  recommends  selecting  the 
higher  spots,  distant  from  the  sea.  Lieut.  Ruxton  (Naut.  Mag. 
1846,  p.  12)  states  that  water  is  procurable,  notwithstanding  dis- 
couraging appearances,  at  a  trifling  depth  in  the  sand,  on  the  S.W. 
coast  of  Africa,  to  the  northward  of  Walvisch  Bay.     Extensive 
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tracts  of  coast.  In  diiFerent  parts  of  the  world,  are,  however,  described 
as  absolutely  without  water. 

(3.)  Water  is  often  found  by  following  the  track  of  animals, 
which,  whether  wild  or  domesticated,  form  paths  to  watering  places. 
It  was  by  following  a  path  made  by  goats  at  Ascension,  that  Dam- 
pier  discovered  the  spring  which  bears  his  name.  Cant.  Fitz  Roy 
states  that  water  was  found  on  Charles  and  James  Islands  in  the 
Galapagos  by  following  the  track  of  the  terrapin. 

(4.)  Boats*  crews  or  survivors  of  a  shipwreck  may  find  it  nseful 
to  know  that  rain-water  and  dew  collect  round  the  stems  of  plants 
which  shoot  leaves  upwards.  Dam  pier  (Voyages  to  the  Bay  of  Cam- 
peachy,  p.  56)  remarks  that  it  is  often  obtained  from  wild  pines. 
^'  These  take  root  and  grow  upright  from  trees.  The  leaves  hold  a 
pint  and  a  half  or  a  quart.  We  stick  our  knives  into  the  leaves, 
just  above  the  root,  and  that  lets  out  the  water,  ^hich  we  catch  in 
our  hats,  as  I  have  done  many  times  to  my  great  relief." 

The  cocoanut-tree,  the  fruit  of  which  is  found  plentifully,  but  not 
everywhere,  in  the  tropics,  and  chiefly  near  the  sea,*  and  whose 
singular  and  beautiful  form,  reaching  to  the  height  of  between  4() 
and  1 10  feet,  renders  it  a  conspicuous  object  as  a  mark,  is  denoted 
in  Table  10,  on  account  of  its  value  to  seamen,  by  a  special  symbol. 
The  natives  near  Cape  Grenville,  Australia,  carry  witli  them,  when 
travelling  inland  where  they  are  not  likely  to  find  water,  the  juicy 
roots  of  a  shrub  (Naut.  Mag.  1847,  p.  178).  Captain  Stokes  remarlu 
that  a  pint  of  water  has  been  collected  by  a  sponge  from  leaves  in 
the  morning,  even  on  the  S.  coast  of  Australia,  where  the  dews  are 
not  so  heavy  as  on  the  N.W.  coast  (Discoveries  in  Australia,  ftc, 
in  H.M.8.  Beagle,  1837-43,"  vol.  ii.  p.  12). 

(5.)  Ice  islands  are  frequently  composed  of  pure  fresh-water  ice, 
which  is  found  in  pools  on  the  surface,t  or  running  down  the  sides; 
and  watering  in  this  manner  is  a  general  practice  of  ships  in  icy 
seas.  It  is  often,  however,  difficult  to  land  on  ice;  and  in  such 
circumstances  Admiral  Bellingshausen  cannonaded  an  ice  island, 
and  sent  the  boats  for  the  fragments  splintered  off. 

A  peculiar  danger  is  incurred  bv  landing,  for  the  purpose  of 
cutting  away  a  portion,  upon  ice  which,  from  the  advanced  period  of 
the  summer,  or  the  warmth  of  the  air  or  sea,  tends  towards  dis^ 
solution.  A  blow  of  an  axe  may  split  the  whole  mass,  and  the  two 
portions,  in  turning  over  to  acquire  a  new  position  for  floating,  may 
engulph  the  boat  and  the  persons  employed.  (Scoresby,  Journal  of 
a  Voyage  to  the  Northern  Whale  Fishery  in  the  Baffin,  in  1822, 
p.  300.)  A  mass  of  ice  is  likewise  oflen  liable  to  turn  over,  to  float 
m  a  new  position,  in  consequence  of  having  undergone  a  change  of 
form  by  thawing  irregularly. 

The  pools  of  water  on  the  ice  are  often  brackish  in  the  autumn. 


*  This  has  long  heen  ranarked.  Dampier  records  that  the  finest  he  had  ever  seen  grew 
OB  Trieste,  a  small  island  off  Sumatra,  ovohflowed  at  spring-tides. 

t  In  ahoat  62^  S.  the  U.  8.  Ezpl.  Exped.  fonnd  on  an  ioeherg  a  pond  of  ezodlent  watfTi 
w  acre  in  extent,  and  3  feet  deep,  coYered  with  a  scum  of  ioe  10  inches  thick. 
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mhen  the  ice  becomes  porous,  and  the  saltwater  is  drawn  up  by 
capillary  attraction  (Narrative  of  an  Attempt  to  Reach  the  North 
Pole  in  Boats,  bv  Capt.  W.  E.  Parry,  1827). 

Though  excellent  water  is  often  obtained  from  ice,  it  appears  by 
no  means  certain  that  this  is  always  the  case.  Mr.  Rae,  who  left 
Fort  Churchill  in  July  1846,  to  explore  the  coast  from  *'  Dease  and 
Simpson's  furthest,"  to  Fury  and  Hecla  Straits,  states  **that  they 
Jiad  much  difficulty  in  finding  water  that  was  drinkable'*  (Naut. 
Mag.  1847,  p.  620).  Baron  Vrangel  <Le  Nord  de  la  Siberie, 
Voyage,  &c.,  1822,  &c.)»  mentions  that  the  salt  left  by  evaporation 
on  the  surface  of  the  ice,  is  mixed  with  the  snow  that  falls  upon  it, 
and  eaten  as  salt  with  food,  though  bitter  and  aperient.  He  found 
the  green  transparent  ice  brackish,  the  blue,  fresh .^ 

I.  Indications  of  Land, 

1035.  The  neighbourhood  of  land  is  often  indicated  by  the  pre-^ 
3ence  of  birds,  and  its  position  inferred  from  the  direction  in  which 
they  take  their  flight  at  sunset.  Birds,  however,  are  often  found 
attending  floating  masses  of  seaweed,  which  they  follow  for  the  sake 
of  tish,  and  which  is  found  at  ail  distances  from  land. 

The  sudden  appearance  of  birds  flying  round  the  ships  at  night 
aroused  the  attention  of  the  officer  of  the  watch,  and  was  thus  the 
means  of  saving  D'Entrecasteaux's  squadron  from  great  danger 
near  New  Caledonia  (M.  D*Urville's  Voyage  in  the  Astrolabe,  1826 ; 
Paris,  1833,  vol.  iv.) 

Adm.  Beechey  remarks  that  birds  fly  near  reefs  and  islands  in 
the  Low  Archipelago,  and  calls  the  attention  of  seamen  to  this 
circumstance. 

1036.  It  has  generally  be^n  supposed  that  the  appearance  of 
particular  birds  denotes  the  land  to  be  near.  Cook  remarks  (1st 
Voy.  vol.  i.  p.  53),  that  "  they  had  been  so  often  deceived  that  they 
ceased  to  look  upon  aquatic  birds  as  sure  signs  of  the  vicinity  of 
land.*'  He  observes  (1st  Voy.  vol.  ii.  p.  37),  that  shags  and  some 
other  birds  seldom  fly  out  of  sight  of  land,  and  adds  that  he  believes 

gnnets,  boobies,  men-of-war  birds,  seldom  ^o  far  out  to  sea.  Sir 
Belcher,  however,  met  constantly  with  the  gannet,  frigate-bird, 
tropic  bird,  and  booby,  at  considerable  distances  from  the  land,  in 
the  N.  Pacific  (Narrative  of  a  Voyage  round  the  World  in  H.M.S. 
Sulphur,  1840).  Cook  considered  divers  a  sign  of  land  (1st  Voy. 
vol.  i.  p.  47).  Admiral  Bellingshausen  makes  a  similar  remark  f 
(Voyage  of  the  Mirny  and  Vostok,  vol.  i.  p.  215). 

*  It  is  a  mistake  to  suppose  that  merely  filtering  the  water  removes  all  noxious  matters^ 
n  the  process  merely  arrests,  mediaoically,  solid  particles.  The  Chinese  purify  water  which 
hss  become  offensive}  by  mixing  half  an  ounce  of  alum  to  one  ton,  and  leaving  it  for  some 
time.  Sir  E.  Home  tried  this  with  complete  success  in  H.M.S.  North  Star  (Naut.  Mag 
1816,  p.  625).  This  use  of  alum  has  long  been  known ;  powdered  charcoal,  and  stirring 
clay  in  the  water,  have  also  been  used. 

t  The  stoimy  petrd  (Mother  Carey's  chicken  of  sailors)  is  supposed  to  foretell  wind ; 
Bellingshausen  remarks,  on  the  contrary,  that  this  bird  made  its  appearance  (at  least  near 
r  N.  and  20^  W)  before   .>ntinued  calms.     Vol.  i.  p.  89. 
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AdoL  Beechev  remarks  that  black  and  white  tern  fly  40  miles 
from  uninhabited  islands^  but  desert  altogether  those  that  are  in- 
habited. 

]0!37.  Dr.  Scoresby  observes  that  in  the  Arctic  regi<ms  birds 
desert  closing  spaces  in  the  ice,  and  repair  to  others  which  are 
opening. 

1038.  As  a  current  of  water,  interrupted  by  the  rinng  of  a  shoal 
or  coast  from  the  bottom  of  the  sea,  is  carried  upwards  by  the 
pressure  from  behind,  and  as  the  water  below  is,  in  warm  and  tem- 
perate climates,  considerably  colder  than  that  on  the  surface,  a  fall 
m  the  temperature  of  the  surface-water  has  often  been  found  on 
approaching  a  shoal  or  the  land,  and  the  thermometer  has  accord- 
ingly been  confidently  recommended  as  a  guide  in  coming  into 
soundings.  But  it  is  evident  that  this  effect  must  depend  upon  the 
relative  coldness  of  the  water  above  and  below,  and  also  upon  the 
depth  and  other  circumstances  of  the  current,  and  it  has  been  found 
that  the  indication  is  neither  so  constant,  nor  so  marked,  as  to  be 
depended  upon.  Capt.  Foster,  and  more  recently  Capt.  Fitz  Ro^, 
found  no  such  change  on  the  Abrolhos.  Sir  £.  Belcher  (Voy.  ni 
H.M.S.  Sulphur,  1840-1,  vol.  ii.  p.  292)  found  no  perceptible  change 
on  entering  soundings  off  the  Cape  of  Good  Hope,  or  in  the  N. 
Pacific. 

M.  Du  Petit  Thouars  (Voyage  autour  dn  Monde  sur  la  Frigate 
La  V^nus,  1836-9,  vol.  iii.  p.  419)  paid  particular  attention  to  this 
indication,  and  remarks  tnat  the  observations  generally  shew  a 
lowering  of  the  thermometer  on  approaching  land,  but  they  disprove 
that  the  water  on  a  bank  is  always  colder.* 

1039.  The  temperature  of  the  sea  has  been  observed  to  change 
several  degrees,  in  intervals  of  time  varying  from  a  few  hours  to  a 
day  and  a  half  previous  to  a  change  of  wind,  the  water  becoming 
gradually  warmer  when  the  wind  was  about  to  blow  from  a  warm 
quarter,  and  colder  in  the  contrary  case.  In  squally  weather  the 
temperature  has  fluctuated.^ 

1040.  The  temperature  of  both  the  sea  and  the  air  is,  however, 
so  much  influencea  by  the  vicinity  of  ice  in  considerable  mass,  that 
the  indications  of  the  thiermometer  in  such  circumstances  are  highly 
important,  more  especially  as  fog,  arising  from  the  condensation  of 
aqueous  vapour  by  the  cold,  frequently  occurs  at  the  same  time. 

When  tne  vessel  is  to  leeward  of  the  ice  the  air  is  greatly  cooled; 
and,  on  the  other  hand,  when  the  ice  is  to  leeward  and  not  far  dis- 
tant, the  water  through  which  it  has  drifted  will  be  found  colder 
than  elsewhere. 

1041.  Amongst  the  signs  of  a  near  approach  to  land,  on  some 
occasions,  are  breakers.  The  depth  of  water  at  which  they  appear 
seems,  however,  very  uncertain;   and  it  is  sometimes  dimcult  to 

*  In  tlie  Golf-stream,  and  on  the  l>ank8  of  NewfonncDand,  the  thennometer  is  lald  to  be 
regular  in  its  changes.    (Purdy's  Sailing  Directions  for  the  N.  Atlantic.) 

t  Adnu  Beeehey  records  having  made  obeenrations  of  this  kind  in  the  North  Fkdfic,  off 
C.  Horn,  and  near  Spitsbergen.    (Beechey's  Voyage  to  the  Pacific,  Sto.  toI.  L  p.  9^ 
Appendix,  p.  390.) 
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between  breakers  and  topping  sesb.     The  late  Coni 
wander  Mudge  observed  that  a  heavy  swell  often  breaks  in  9  oi 
10  Cbthoms,  and  always  in  4  or  6 ;  he  adds  that  the  swell  is  often 
Heavier  in  a  ealm  than  in  blowing  weather.    The  sea  is  reported  to 
break  on  the  bar  of  the  River  Senegal  in  6  fathoms.* 

Mr.  Thomas,  master  of  H.M.S.  Investigator,  says  that  in  the 
gale  of  August  1833,  at  the  Shetlands,  the  sea  broke  over  all  rocks 
having  less  tkan  8  fathoms  on  them  (Naut.  Mag.  1835,  p.  309). 

1042.  The  onlv  certain  indication,  in  the  absence  of  external 
sigBa,  is  the  depth  of  water,  .when  soundings  can  be  obtained* 
lieiftce  sounding  is  an  indispensable  precaution;  and  neglecting  to 
sound  has,  in  courts  of  inquiry  and  courts-martial,  always  been 
deemed  inexcusable. 


2.  Btusory  Appearances. 

1043.  While  it  is  necessary  to  be  on  the  alert  for  the  discovery 
of  danger,  it  is  scarcely  less  so  to  be  prepared  against  false  alarms. 
For  ex.:  in  a  moonlight  night,  when  blowing  fresh,  it  is  easy  to 
fiincy  breakers  and  shoals,  especially  when  on  the  look-out  for  them. 
EflSects  of  light  and  shade  nave  so  much  resembled  breakers  as  to 
raise  alarm ;  and  sunbeams  in  the  horixon,  seen  through  rain,  have 
been  taken  for  rollers. — (Voyage  of  H.M.S.  Sulphur.) 

1044.  Clouds  and  fog-banks  often  resemble  land  so  much  as  to 
deceive  an  experienced  eye.  Sir  Jas.  C.  Uoss  observes,  that  the 
vapour-line  near  the  margin  of  ice  in  the  polar  regions  is  always 
taken  for  land  by  novices. 

1046.  Many  reported  islands  or  shoals,  of  which  the  accountb 
given  have  been  apparently  circumstantial,  have,  doubtless,  been 
trees,  fish,  aUve  or  dead,  or  ice  islands.  Phipps  (Voyage  to  the 
North  Pole  in  the  Racehorse  and  Carcase,  1773,  p.  57)  took  a 
small  piece  of  ice  covered  with  gravel  for  an  island.  Weddell  (A 
Voyage  towards  the  South  Pole,  1822)  records  that  it  was  only  on 
passing  300  yards  from  an  ice  island  that  they  ascertained  it  was  not 
solid  land,  but  ice  covered  with  black  earth.  He  also  mentions 
having  taken  the  swollen  carcase  of  a  dead  whale  for  a  rock, —  a 
mistake  of  frequent  occurrence.  Sir  Jas.  Ross  met  with  an  iceberg 
which  had  turned  over  unperceived,  and  presented  a  new  surface 
covered  with  earth  and  stones,  so  like  an  island,  that  nothing  but 
landing  on  it  convinced  them  to  the  contrary  (vol.  i.  p.  195).  Lieut. 
Wilkes  records  that  a  supposed  rock  turned  out  on  examination  to 
be  a  large  tree  coTcred  with  weeds  and  surrounded  by  fish  (U.  S. 
Expl.  Exped.) 

1046.  Whales  have  probably,  as  Horsburgh  remarks,  been  taken 
for  rocks.  These  fish  float  at  the  surface  for  a  long  time  together, 
and,  being  covered  with  barnacles,  grass,  or  seaweed,  exhibit  an 


*  Tlw  tea  is  itated  to  hare  broken  in  40  fathoms  on  the  coast  of  Syria,  in  the  gale  of 
Dee.  1840  (Next.  Mag.  1841,  p.  233).     Bnt  there  must  be  some  mistake  here. 
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appearance  so  like  that  of  a  rock  that  it  ia  often  difficttlt  to  believe 
the  contrary.* 

1047.  The  sound  of  breakers  or  sarf  has  often  been  foand  to  be 
caused  by  a  shoal  of  fish.  Kerguelen  (Relation  d'un  Voyage  dans 
la  Mer  du  Nord,  1767-8,  Paris,  )770,  p.  121)  saw  a  large  aboal  of 
small  red  fish  that  had  the  appearance  of  a  sandbank,  of  the  extent 
of  two  leagues,  on  which  the  sea  was  breaking,  and  the  illusion  was 
rendered  the  more  complete  by  the  great  numbers  of  birds  that 
accompanied  it.  Capt.  Fitz  Roy  observes,  that  a  sboal  of  fish  seen 
under  the  water  may  have  given  rise  to  a  report  of  a  bank,  which  it 
much  resembles.  Weddell  records  having  been  alarmed  in  a  foe  by 
a  cry  of  breakers,  for  which  a  noise  prodticed  by  firii  was  taken. 
Most  seamen's  experience  will  supply  similar  instances.i' 

It  has  been  remarked  that  it  is  very  difficult  at  a  distance  to  dis- 
tinguish straggling  ice  and  breakers  from  each  other. 

1048.  A  sound  like  that  of  guns  is  produced  by  the  splitting  of 
large  masses  of  ice.  Cook  records  an  instance  (1st  Voyage,  p.  47), 
and  it  is  familiar  to  those  who  have  been  io  the  polar  regions. 

1049.  The  surface  of  the  sea,  in  some  parts  of  the  world,  is 
occasionally  found  streaked,  for  leagues  to^etner,  by  a  matter  which 
produces  the  '^discoloured"  aspect  of  shoal  water,  and  which  sailors 
suppose  to  be  the  spawn  of  fisn.  Water  having  this  appearance  is 
not  approached  without  anxiety  by  those  who  are  unaccustomed  to 
it ;  and  in  those  seas  especially  where  coral  reefs  rise  perpendicularly 
from  very  great  depths,  an  increase  of  vigilance  is  denranded  on  sue 
occasions.;!; 

1050.  In  these  days,  when  the  ocean  is  traversed  by  innumerable 
ships,  appearances  which  were  strange  or  alarming  to  the  first 
navigators  have  become  familiar;  and  the  dangers  which  the  enter- 
prising men  who  first  ventured  upon  an  unknown  sea  were  naturally 
disposed  to  multiply  have  disappeared  from  our  charts.  But  in 
earlier  times,  when  the  solitary  vessel  had  either  no  chart  at  all,  or 
one  put  together  from  imperfect  or  incongruous  materials,  the  feeble 
state  of  navigation  justified  the  excess  of  caution  in  reporting  as  a 
danger  every  suspicious  appearance. 

Accounts,  therefore,  ot  new  land  or  dangers,  which  are  published 
from  time  to  time,  are  not  to  be  received  without  extreme  caution, 
unless  they  state  some  circumstance  which  is  decisive. 


*  Sir  F.  Beaufort  tells  me,  that  in  approftdung  the  River  Plate,  in  oommand  of  H.M.fik 
Woolwich,  a  whale  waa  reported  as  a  rock,  and  beliered  to  be  so  by  every  one  on  board. 
But  knowing  that  no  rock  existed  in  the  sitoation,  he  steered  direct  for  it,  and  when  about  30 
yards  distant  it  dired.  In  HM.S.  Tyne,  in  the  Sonth  Pacific,  we  bore  up  for  what  seemed 
to  be  the  wreck  of  a  ship  floating,  with  her  quarter  raised  out  of  the  aea,  but  which,  on 
approaching  it,  turned  out  to  be  a  whale. 

t  To  these  or  other  circumstances,  which  have  given  rise  to  reports  of  shoals,  may 
perhaps  be  added  the  shocks  which  haye  been  experienced  by  ships  striking  againat  whales 
or  other  large  fish. 

t  In  the  AloesU^,  while  among  imperfectly  known  parts  of  the  Elastem  Seas,  we  freqnenUy 

}ia  sed  through  .water  thus  tinged  with  some  oolouring  matter.     Mr.  Darwin  (Voyages  ol 
he  Adventure  and  Beagle,  toI.  iii.)  considers  the  effect  to  be  produced  by  antmalcnlss. 
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3.  Dangers^ 


1061.  When  the  ship,  going  free,  is  found  to  be  running  into 
danger,  the  proper  tack  to  haul  to  the  wind  upon  is,  generally 
speaking,  that  on  which  she  will  most  rapidly  increase  her  distance 
from  it,  because  thus  time  will  be  gained. 

1052.  In  high  latitudes  ice  islands,  having  broken  adrift  from 
the  places  where  they  were  formed,  are  often  met  with  towards  the 
ck«e  of  the  summer,  or  earlier.  The  presence  of  ice  at  night  is 
oftfcn  indicated  by  a  peculiar  effect  of  light,  and  in  fog  by  a  kind  of 
blackness  in  the  atmosphere  (Scoresby's  Arctic  Regions,  p.  255). 

On  falling  in  with  ice  the  ship  is  recommended  to  pass  to  wind- 
ward of  it.  It  is  observed  that  the  smaller  portions  drift  more 
quickly  than  larger  ones,  and  that  pieces  of  a  round  figure  drift 
nearly  before  the  wind,  while  angular  pieces  move  irregularly. 

The  greatest  height  of  ice  islands  is  stated  to  be  200  feet. 

Ice  islands  have  been  met  with  to  the  southward  of  the  parallel 
of  50^  N.,  in  the  North  Atlantic,  and  in  the  Southern  Ocean  in  36^ 
of  latitude  (Naut.  Mag.  1845,  p.  188). 

A  remarkable  diminution  in  the  strength  of  the  wind  is  ex- 
perienced when  to  leeward  of  ice,  even  of  very  small  extent.  This 
is  noticed  by  Sir  E.  Parry  (Second  Voyage  for  the  Discovery  of 
a  N.W.  Passage,  p.  12),  and  by  other  navigators. 

1053.  There  is,  of  course,  always  a  risk  m  running  iu  a  dark 
night  of  encountering  another  vessel,  and  instances  are  recorded 
from  time  to  time,  though  much  more  rarely  than  might  be  expected, 
of  serious  or  fatal  collisions.  There  is  also  another  source  of  danger, 
which  appears  to  have  increased  of  late  years,  and  one  less 
ea<ily  guarded  against,  in  vessels  which  have  been  abandoned  by  their 
crews,  in  some  cases  unnecessarily,  and  which,  having  become  more 
or  less  waterlogged,  remain  drifting  about.  Several  instances  will 
be  found  in  the  rfautical  Masrazine.  Sir  E.  Belcher  records  having 
met  with  the  same  wreck  off  the  coast  of  Portugal  in  both  H.M.  Ships 
Sulphur  and  Samarang. 

1054.  To  these  may  be  added  rollerSj  which  term  is  applied  to  a 
very  heavy  swell  rising  on  particular  coasts,  without  any  known 
cause,  generally  very  quickly,  and  subsiding  very  soon,  and  which  con- 
stitutes a  formidable  danger.  H  M.S.  Julia  was  wrecked  in  a  calm 
at  Tristan  d'Acunha  in  a  few  minutes.  More  recently  very  severe 
loss  was  experienced  at  St  Helena.  Rollers  are  noticed  as  a  great 
danger  on  the  coast  of  Guiana,  where  they  break  in  5  or  6  fathoms 
(Commander  Darley  in  Naut.  Mag.  1844,  p.  649).  The  U.  S.  Expl 
£xpd.  anchored  off  St.  Francisco  Nov.  1,  1841,  the  Vincennes 
being  in  7  fathoms,  and  3  miles  off  shore.  About  10  p.m.  the  rollers 
got  up  and  broke  with  the  continued  roar  of  a  surf.  At  midnight  a 
sea  broke  heavily  on  board  the  Vincennes,  a  ship  of  780  tons,  dis- 
placed the  booms  and  boats,  and  killed  a  man.  The  other  ships,  in 
aeeper  water,  felt  no  inconvenience.* 

*  Thoogli  great  danger  is  incarred  from  breakers  in  shoal  water,  yet  there  are  coasts  ou 
which  the  gndual  shelving  of  the  bottom  dissipates  the  sweU  by  degrees  without  causing  a  * 
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4.  Determination  of  Position  or  Danger^ 

1065  (hit  of  Sight  of  Land. -^Vf  hen  a  rock,  a  riioal,  or  an 
island,  is  unexpectectly  met  witli  at  sea,  its  bearing  and  estimated 
distance  are  to  be  noted,  with  the  time  by  chronometer.  As  tHe 
true  position  can  be  determined  by  astronomical  observation  alone, 
the  following  directions  are  inserted  for  reference,  the  calculations 
beinff  deferred  to  a  convenient  time. 

(1.)  When  the  sun  is  visible.  Observe  his  altitude,  noting  the 
time  by  chronometer  (see  the  note,  No.  726).  This  gives  the  lat., 
Nos.  681,  696,  or  718,  or  the  time,  No.  776,  or  791,  and  thence  the 
long,  by  chronometer. 

(2.)  When  the  sun  and  moon  are  visible.  Observe  both  alts, 
with  all  possible  care,  and  the  lunar  distance;  the  lat.  is  hence 
found,  Nos.  681  or  692,  696  or  703,  or  769,  &c.,  and  thence  the 
time,  and  the  long,  by  chron.  or  by  lunar. 

(3.)  When  the  mocm  is  visible.  See  Nos.  692,  703.  In  favour- 
able cases  the  alt.  gives  the  long..  No.  864. 

(4.)  When  the  moon  and  stars  are  visible.  Obtain  the  lunar 
distance,  and  both  alts,  with  care.     See,  also,  Nos.  864  and  866. 

(6.)  When-  the  stars  alone  are  visible.  Observe  altitudes  near 
the  meridian,  and  on  opposite  sides  of  the  zenith,  for  lat. ;  and  near 
the  prime  vertical  for  time  and  long,  by  chron. 

Of  the  dangers  to  which  navigation  is  exposed  none  is  more 
formidable  than  a  reef  or  a  shoal  in  the  open  sea ;  not  only  from  the 
almost  certain  fate  of  the  ship  and  her  crew  that  have  the  misfortune 
to  strike  upon  it,  but  also  from  the  anxiety  with  which  the  naviga- 
tion of  all  vessels,  within  even  a  long  distance,  must  be  conducted, 
on  account  of  the  uncertainty  to  which  their  own  reckonings  are 
ever  open.  No  commander  of  a  vessel,  therefore,  who  might  meet 
unexpectedly  with  any  such  danger,  could  be  excused,  except  by 
urgent  circumstances,  from  taking  the  necessary  steps  botn  for 
ascertaining  its  true  position,  and  for  giving  a  description  as  com- 
plete as  a  prudent  regard  to  his  own  safety  allowed. 

1066.  In  Sight  of  Land. — The  position  of  a  rock  or  a  shoal  may 
be  determined  b^  cross-bearings,  No.  366,  but  more  completely  by 
observing  from  it  the  two  angles  contained  by  three  lines  drawn  to 
objects  on  shore,  or  well-defined  points  of  land  accurately  laid  down 
on  the  chart.  The  quadrant,  or  sextant,  should  be  used  in  preference 
to  the  compass,  both  for  convenience  and  accuracy ;  the  face  should 
be  held  horizontal,  and  the  angles  measured  between  points  vertically 
under  the  objects,  or  determined  by  plumb-lines  conceived  to  pass 
through  the  objects.     No.  368. 

[1.]  Bgtari  qfnew  Diteoperg,  or  Cfomeikm  qfPatition. 

1067.  In  transmitting  an  account  of  a  new  discovery,  or  the 
correction  of  a  position,  the  first  consideration  is  the  lat.  or  long.,  or 

dangerou  break.  On  the  ooait  of  Barbaiy,  in  H.M.S.  AdTentare,  under  tiia  oommana  ot 
Capt.  W.  H.  Smyth,  we  frequently,  when  die  wind  waa  dead  on  ahon,  ran  to  leeward  ovt  U 
the  eea,  till  we  fimnd  a  oontenient  depth  of  water  for  anehoring. 
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Ibe  sitoation  with  respect  to  some  other  place.  Attention  shoold 
therefore  be  directed  to  the  instructions  at  p.  281.  It  will,  indeed, 
be  eTident  on  a  moment's  reflection,  that  the  long,  described  merely, 
as  b  too  often  the  case,  as  **  long,  by  chron."  without  reference  to 
some  fixed  point,  is  utterly  valueless.  Again,  when  such  fixed  point 
18  mentioned,  it  is  no  less  necessary  to  note  the  long,  adopted :  for 
ex. :  **  Long,  by  chron.  from  Callao,*'  is  little  better  than  no  allusion 
to  place  at  all,  as  Callao  appears  in  the  tables  in  different  longs,  from 
77^  4'  to  7r>  14'. 

When  the  determination  depends  on  a  lunar,  notice  should  be 
taken,  1.  of  the  skill  of  the  observer;  2.  of  the  instrument;  and 
especially  whether  distances  on  opposite  sides  of  the  moon  are  ob- 
served ;  also,  3.  of  the  probable  error  of  the  time. 

10%.  After  the  position  the  point  next  in  importance  is  the 
extent^  and  general  direction,  if  this  can  be  assigned.  Then  follows 
height  or  depth,  with  notice  of  the  appearance ;  and  then  anchorage, 
landing,  supplies,  and  natives.  The  seaman  will  find  these  matters 
of  detail  passed  in  review,  in  the  same  constant  order,  in  the  sym- 
bolised descriptions  in  Table  10 ;  and  he  may  render  much  service 
by  taking  the  opportunity  of  recording  these  particulars  on  passing 
EDj  of  the  numerous  places  of  which  we  have  no  very  exact 
accounts.* 

It  will  oflen  be  important  to  notice  both  the  extent  and  appear- 
ance of  islands,  which  have  not  been  visited  for  a  long  time.  jKru- 
senstern,  in  alluding  to  the  growth  of  many  islands  by  submarine 
formations,  which  are  continually  extending  themselves,  as  esta- 
blished by  Fleurieu,  Flinders,  and  Beechey,  remarks  that  Capt. 
Carteret  discovered  a  small  flat  island  so  nearly  at  the  level  of  the 
sea,  as  scarcely  to  deserve  the  name  of  an  island,  which  he  called 
OsHaburgh.  It  was  on  this  island  that  the  Matilda  was  wrecked  in 
1792,  as  is  proved  by  the  agreement  of  her  observations  with  those 
of  Adm.  Beechey,  who  found  here  the  wreck  of  a  ship.  Thus  the 
** small  island"  had,  in  1827,  an  extent  of  14  miles  (M6m.  Hydr. 
1836,  p.  94). 

Again,  in  warm  climates,  reefs  at  the  level  of  the  sea  are  covered 
by  degrees  with  a  low  vegetation,  which,  in  due  time,  is  succeeded 
by  trees.  Many  places,  therefore,  now  known  merely  as  reefs,  or 
not  noticed  at  all,  will  probably  become  hereafter  conspicuous 
islands. 

1059.  Whenever  a  position  is  noted,  the  bearings  of  headlands 
and  islands  should  be  observed  as  accurately  as  possible.  The  neg- 
lust  of  this  is  seriously  felt  in  the  arrangement  of  positions.f 

Seamen  may  also  supply  very  important  elements  for  correcting 

*  If,  in  Bending  home  foch  accounts,  the  writer  uses  symbols,  he  must  be  Tery  carefhl  to 
iinm  them  in  their  perfect  form,  lest  one  may  be  taken  for  another.  The  great  saving  of 
ttne  and  space  which  they  effect  claims  the  necessary  attention  in  writing  them  legibly. 

f  Ib  the  third  and  later  editions  of  this  work  a  discrepancy  was  admitted  in  the 
positions  oi  Tanna,  Annatom,  and  Erronan,  from  the  want  of  bearings,  thongh  the  places 
are  in  signt  of  eadi  other.  Capt.  Denham,  of  H.M.S.  Torch,  has  recently  rcmoreid  the 
di/Bcnltj. 
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the  charts  hj  observing  with  care  the  bearing  of  two  points  of  land 
when  seen  in  a  line,  or  on  with  each  otiier,  or  of  a  summit  seen  over 
a  point.     Such  bearings  are  called  transit  bearings^ 

1060.  Views  should  accompany  all  hydrographic  notices,  when 
there  is  any  one  on  board  who  can  draw.  On  these  should  be 
marked  one  or  more  bearings  (selecting,  first,  that  of  the  nearest 
point),  and  the  angles  measured  by  a  quadrant  between  remarkable 
points  or  other  objects ;  also  the  angular  elerations  of  summits,  as 
these  last  serve  for  the  determination  of  heights. 

It  is  also  important,  where  the  range  is  considerable,  to  note  the 
time  of  tide,  because  the  rise  or  fall  of  several  feet  in  the  water  may 
cause  a  material  change  in  the  appearance  of  the  shore,  and  has 
also  the  effect  of  altering  the  apparent  dimensions  of  an  island  with 
shelving  shores.  Again,  when  the  spectator  is  on  shore,  the  place 
of  the  visible  horizon  varies  with  the  height  of  the  tide,  beine  nearer 
to  him  and  higher,  when  the  water  is  higher  (or  when  he  is  less  ele- 
vated above  it),  and  further  off  and  lower,  as  the  water  falls  (or  as  be 
increases  his  relative  height).  The  consequence  of  this  is,  that  an 
island  beyond  the  visible  horizon  appears  to  the  spectator  on  shore 
to  be  of  different  lengths  at  different  times  of  the  tide. 
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Is  this  division  of  the  work  the  use  and  application,  and,  in 
some  degree,  the  construction,  of  the  Tables,  are  described. 

Rales  are  given  for  computing  the  terms  in  the  Tables.  These 
rales  will  be  found  useful  for  the  purpose  of  verification ;  for  the 
oompatatioD  of  an  intermediate  term  instead  of  the  ordinary  inter- 
polation ;  and  also  when  the  computer  may  require,  for  a  particular 
object,  to  emplov  a  table  on  a  more  extensive  scale  than  would  be 
eonvenient  for  the  general  purposes  of  the  collection. 


NAVIGATION.* 

THE  SAILINGS. 

These  tables  are  used  chiefly  in  the  methods,  Chapter  III. 

Tables  1  and  2. 
These  are  called  Traverse  Tables  from  their  use  in  Traverae  Sailing. 

1.  Direct  Application* 

Table  1  contains  the  Diff.  Lat.  and  Dep.  for  the  Course  at  every  quartet 
poiDt,  and  for  each  mile  of  distance  to  800  miles.  Table  2  contains  the 
same  quaotities  for  each  degree. 

The  degree  and  minute  corresponding  to  each  point  are  inserted  in 
Table  1 ;  and  the  time  correspondlD^  to  each  degree  in  Table  2. 

When  the  Course  is  less  than  4  points  or  45^,  the  tables  are  to  be  entered 
at  the  top ;  but  from  the  bottom  when  it  exceeds  4  points  or  45^. 

Ex.  2.  Conne  68°  Dist  241  mfles ;  find 
the  D.  Lat  and  Dep. 

In  Table  2,  over  68°  at  the  bottom,  and 
agamit  241,  are  D.  Lat  90*3,  and  Dep. 
223-5. 


E1.I.  Coane2|pti.,dist  74mi]ea;  find 
the  D.  Lat.  and  Dq>. 

Id  TaUe  1,  at  2^  points,  and  against  74  hi 
tlis  Dist  oolnmn,  are  D.  Lat.  65*3,  and 
Dep.  34-9. 


*  ITie  general  diTision  of  the  subject  into  Nayigation  and  Nautical  Astronomy  naturally 
nggesti  the  like  division  among  the  Tables.  Bnt  besides  this,  the  computer  cannot,  in 
ICDenl,  make  proper  pse  of  the  Astronomical  Tables  unless  acquainted  beforehand  with  his 
POBtioQ  on  the  globe.  The  Tables,  therefore,  relating  to  this  last  point,  that  is,  those  whidi 
vs  conoeraed  in  finding  the  position  of  the  ship  with  reference  to  the  place  left,  necessarily 
piecede  the  others.  The  Table  of  Positions,  which  is  usually  found  at  the  end  of  a  collection 
j  of  tables,  is,  according  to  this  disposition,  placed  among  those  relating  to  Departures,  since 

in  actual  naTigation  it  is  referred  to  only  with  reference  to  the  place  of  the  ship. 
■  ^  The  author  is  indebted  to  many  individuals  whose  opinions  are  entitled  to  eyerr  oonsider- 

1  ation  for  toggestions  relative  to  the  arrangement  or  order.     It  will,  however,  be  obvious  that 

I  BO  arrangement  can  be  devised  which  shall  be  equally  convenient  for  all  persons  at  all  times 

r  !|^«  r^haps,  no  plan  is  open  to  fewer  objections  of  weight  than  one  in  which  regard  is  paid 

I  Wh  to  the  classification  of  subjects  and  to  the  successive  stages  of  the  computations. 
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Id  like  manner,  in  taking  out  the  Course  corresponding  to  a  given  D.  Lat 
and  Dep.9  when  the  D.  Lat  is  greater  than  the  Dep.,  take  the  Coarse  from 
the  top ;  when  less,  from  the  bottom. 

(1.)  To  take  out  the  D.  Lat.  or  Dep.  to  a  fraction  of  a  aegree. 

Ex.  To  iixid  the  Dep.  to  ii^^l  and  Dist  loo. 

The  Dep.  to  ii^is  19*1,  thitto  la^  is  10*8;  {  of  the  diflferenoe  i'7,or  *4,added  to  i9-», 
gives  19*5,  the  Dbp.  requhed. 

In  finding  the  D.  Lat  this  prop,  part  is  subtract! ve. 

(2.)  To  find  the  D.  Lat  or  Dep.  for  a  fractional  Dist,  as,  for  example, 
frr  59*8 ;  find  it  for  59,  and  then  for  d  (dividing  the  last  by  10). 

(3.)  When  the  given  Dist.  exceeds  300  miles,  divide  it  by  10,  and  mul- 
tiply the  D.  Lat  and  Dep.  found  by  10.  So,  likewise,  when  the  given 
D.  Lat  or  Dep.  exceeds  the  limits  of  the  Table,  divide  it  by  10,  and  multiply 
the  resulting  Dist  by  10. 


Ex.1.  Coiivse3i%Dist  iS7AmQeB.  Hie 
Course  31S  and  Dist  187,  give  D.  Let. 
160*3,  and  Dep.  96*3;  henoe  the  required 
D.  Lit  and  Di^.  are  1603  and  963  neariy. 


Ex.  2.  D.  Lat  47°,  and  Dep.  t  ii,  to  find 
the  Coom  and  Diet  D.  Lat  47,  and  Dqi. 
1 1*2,  pve  Coiuie  14^,  and  Dist  48 ;  Uie  re- 
quired  Ditt  is,  therefore,  480  nearly. 


This  is  near  enough  in  general.  For  greater  accuracy,  take  out  the  D. 
Lat  or  Dep.  for  300^  and  for  the  excess  above  300. 

2.  Trigonomeirieal  Quaniiiiei. 

If  the  angle  ACB,  fig.,  No.  162,  be  considered  the  Course,  and  AC  the 
Distance,  then  A  B  becomes  the  Dep.  and  C  B  the  D.  Lat. 

Hence,  by  No.  162,  the  Dep.  corresponding  to  the  Dist:  100  is  the  tine 
for  the  radius  100. 

The  D.  Lot  to  the  Diet.  100  is  the  conm  for  the  radius  100. 

In  like  manner,  the  D^.  to  the  2>.  Lat.  100  b  the  tangeni  for  the 
radius  100. 

The  Dist,  to  the  D.  Lat.  100  is  the  secant  to  the  radius  100. 

Thus  also  the  D.  Lat,  to  the  Dep.  100  is  the  cotangent ;  and  the  DisL 
to  the  Dep.  100  is  the  cosecant  to  the  same  radius  100. 

The  trigonometrical  quantities  (which  are  calculated  for  radius  1)  are 
deduced  from  the  numbers  thus  found  in  the  Traverse  Table  by  marking  off 
two  decimals. 

Ex.  1.  Find  the  Sine  of  a7^  At  the  are  %^\  the  Dist  100  gives  the  Dep.  45*4.  The 
Sink  ie,  therafo/e,  *454,  the  log.  of  which  is  9*657  ^os.  58  (2)  and  59,  p.  19).  This  is  tlie 
log.  given  in  Taote  68. 

Ez.2.  FindtheCosbeofs6^  At  56^  the  D.  Let  to  the  Dist  100  is  55-9,  the  Cosiicb 
is  '559,  the  log.  of  which  is  9*747. 

Ex.  S.  Fmd  the  Tangent  of  \^.  At  38°,  the  D.  Lat  100  oorresponds  to  Dep.  78*1,  the 
Tamobnt  is  '781,  the  log.  of  wUefa  is  9*893. 

Ex.  4.  Find  the  Secant  of  42^  At  41^  the  D.  Lat  100  oorresponds  to  the  Dist  114-6, 
tiie  SsCANT  is  1*346,  the  log.  of  which  is  0*129,  ^  hi  Table  68,  10-129  (^^*  1^»  ^^ti^. 

Ex.  5.  Find  the  Cotangent  of  (4^.  At  54^,  the  Dep.  100  corresponds  to  D.  Lst.  72*7, 
the  CoTAKO.  is  *727,  the  1^.  of  which  is  9*861. 

Ex.  6.  Find  the  Cosee.  of  18®.  At  18",  the  Dep.  100  corresponds  to  Dist  323-4,  Ihe 
CosBO.  is  3*234,  the  log.  of  which  is  0*510. 

[i.]  SfOmH^  qfJU^M'AMfUd  TWesflis. 

These  tables  are  useful  in  solving  approximately  cases  of  right-angled 
triangles,  as  also  in  roughly  verifying  th^  resulu  of  questions  of  the  kin4 
when  obtained  by  logarithms. 


* 

* 
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St.  p.  48.   Angle  Aso^  CAiiSfoet,  find  ABandBC. 

At  50°,  the  Diflt  x8  giTet  the  D.  Let  tS,  which  11  AB,  and  the  Dep.  11*4,  or  C  B 

Ix  |v  49,  Case  U.   Angle  A  30^  BC  171 ;  find  A B  and  A  C. 

Coone  30®  and  Dep.  85*5  gire  Diat.  171,  or  B  C  34a,  and  D.  Lat  148*1,  or  A  C  196*1. 

Ex.  p.  49,  Caae  IIL    AB  110-3,  A  C  101*9  S  ^^  ^  ^^'^  B  and  B  C. 

Diit  110  and  Dep.  103*3  are  the  neanat,  and  gbe  18^  for  the  Angle  B,  and  the  D.  Lat 

erBCiv^ 

3.  Propartionai  QuantUies. 

Since  the  Dist,  D.  Lat.,  and  Dep.,  have,  on  the  same  page,  the  same 
ratio  to  each  other,  the  Traverse  Table  is  a  general  proportional  table.  In 
like  manner,  each  page  involves  three  constant  factors,  with  their  reciprocals. 

Thus  at  da^  the  D.  Lat.  is  the  Dist.  multiplied  by  '839 ;  for  100  x  -839 
=88*9.  The  Dep.  b  the  Dist  multiplied  by  '545,  or  it  is  the  D.  Lat. 
multiplied  by  -65  nearly.  In  like  manner  the  Dist.  is  the  D.  Lat  divided 
by  *839  or  the  Dep.  divided  by  -545 ;  and  the  D.  Lat  is  the  Dep.  divided 
by  *65.    The  last  place  of  decimals  will  sometimes  be  inaccurate 

[1.]  JUdmeiUm  for  ItUervah, 

The  reduction  of  tabular  quantities,  given  to  any  interval,  as  100,  80, 
24,  J2,  ftc,  are  thus  easily  effected  for  parts  of  these  intervals. 

Ex.    Thedaily  change  of  the  ami's  declin.ia  17';  leqoiicd  the  chaiige  in  19  hoora. 

Look  oat  14  as  Diat,  and  17  aa  Dep. ;  then  (at  45**)  agahiat  the  Dist.  19  is  the  Dep. 
13*4,  the  diange  required. 

Tfana  also  the  distance  ran  by  the  ahip  in  any  nnmber  of  ndnntes  may  he  dednoed  from 
the  rate  of  tailing  per  hoar,  or  aizty  minntes. 


In  using  the  Table  in  cases  of  simple  proportion,  it  is  generally  advisable, 
when  two  tenns  are  very  unequal,  to  make  them  more  nearly  equal  by  mul- 
tiplying the  lesser  by  10.  By  this  means  the  beginning  of  the  Table,  where 
the  quantities  vary  most  irregularly,  b  avoided. 

Se.    If  io"*9  grre  140^  diange  of  alt,  what  diange  will  4"*i  gifo  ? 

Uae  D.  Lat,  109,  and  Dep.  140 ;  theae  oecnr  at  51®,  where  the  D.  Lat  41  (or  4*1  x  10) 
gires  Dep.  51*4,  the  change  leqoired. 

By  Table  2  the  measures  of  one  scale,  or  denomination,  may  be  reduced^ 
Dearly  enough  for  most  practical  purposes,  to  those  of  another. 

(1.)  To  turn  siaiuie  miles  into  nautical  or  geoffraphicdl  mibn, 

I  atatnte  mile  >■  0*8684  geogr.     i  geogr.  mile  >■  1*1515  statate  milea. 
At  61®,  the  Dist  and  Dep.  corroipond  to  9Mmi€  and  gmtgr.  mOes. 

(2.)  To  turnyeef /^er  ieeond  into  nautical  mile$per  kour. 

At  36®,  the  Diat  and  Dep.  correspond  to  feei  and  mttmi  thos  the  nte  of  19  feec  p« 
leoond  is  11  milea  an  hoar,  nearly. 

The  measures  and  soundings  on  foreign  charts  are  reduced,  in  like 
manner,  to  our  own  scales.* 


*  Hie  ammben  ghren  are  qooted  from  Commander  Becker's  TMn,  poblishad  by  Bata^ 
b  wUch  they  ave  given  to  greater  aocoracy. 
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(1.)  To  turn  Danish  Favne  into  EnqUsh  Fathoms. 

X  fmv.  i«  I  '0292  fath.     i  fiah. »  0*97 16  faT. 

At  76^,  the  Diet  and  Dep.  oorrespood  to  faihowM  and  faamg  s  Uaiu,  loc  fame  are  103 
fatb.  nearly. 

(2.)  To  turn  Danish  Feet  into  English  FevL 

I  Dan.  foot  (/b<i)**  1*0270  Eng.  feet,     i  E119.  foot*- 0*97^7  Den  ft 

At  77°,  the  Diet,  and  Dep.  oorreapond  to  BngUsh  and  DaniUhfitit  thne,  aoo  Danieh 
feet  are  205  Englieh  feet  nearly. 

(3.)  To  turn  Dutch  (Amsterdam)  Feet  into  English  Feet, 

I  Amet.  foot » 0*9287  Eng.  ft.     i  Eng.  foot  ■■1*077  Amet.  ft. 

At  68^,  the  Dist.  and  Dep.  correspond  to  Dutch  and  English  feet,    Thns,  300  Dutch 
feet  are  278*2  English  feet  nearly. 

(4.)  To  turn  Dutch  Palms  into  English  Feet. 

I  palmMO*3283  ft.     i  foot ■■3*046  palms. 

At  19^,  Diet,  and  Dep.  correspond  to  ptdmt  and  feet.    Thus,  loc  palms  are  32*6,  oi* 
more  nearly,  32*8  feet. 

(5.)  To  turn  French  Brasses  into  English  Fathoms. 

I  bra88e"*o*888  fath.     i  lath.  ■*  1*126  bnuee. 

At  62^,  the  Dist.  and  Dep.  correspond  to  hraases  9JiA/athom».    Add  i  in  180.    Hue 
200  brasses  are  176*6,  or  more  neatly  177*6  fathoms. 

(6.)  To  turn  French  Metres  into  English  YardsJ^ 

X  metre*  1*0936  yard,     i  yard » 0*9144  metre. 

At  66®,  the  Diet,  and  Dep.  oorreepond  to  fords  and  metres.    Thne,  300  yarde  am  ^74*  I 
metres  nearly. 

(7.)  To  turn  French  Feet  (Pieds)  into  English  Feet 

I  pied*  1*0658  ft.     I  fbot«-o'9383  pied. 

At  70®,  the  Diet,  end  Dep.  correspond  to  jrieds  end  feet.    Thne,  203  j^ede  are  2x3  fedt 
nearly. 

(8.)  To  turn  French  Toiset  into  English  Fathoms. 

X  toiee*  1*0658  fath.     i  fath. » 0*9383  toiee. 

At  70®,  the  Diet,  and  Dep.  oorreepond  to  foises  snA  fathoms.    Time,  200  toieoe  are  21  j 
fiithome  neerly. 

(9.)  For  the  Prussian  Fool  (Fuss),  see  Danish. 

(10.)  To  turn  Russian  Arsheens  into  English  Feei. 

X  areh.B 2*3343  ft.     x  foot *« 0*4284  arsh. 

At  25°,  the  Dist  and  Dep.  correspond  to  feei  and  arsheemt.    Dednot  i  In  6o.    Thoe 
86  arsheens  are  203  feet,  or  more  nearly  200  feet. 

(11.)  To  turn  Russian  Sashes  {S€tz/tens)  into  English  Fathoms. 

I  sash.  *  X*  167 1  fath.     i  fath.  *  0*8568  sazh. 
At  59°,  the  Dist  and  Dep.  oorreepond  to  fstkoms  and  seshes,    Thne,  300  fathome  are 
257- 1  sazhens.    Thus,  the  arsh, «  28  in. ;  the  sazkem  »  7  f.,  and  the  vent  \,X2)  «  500  sazhems. 


*  The  following  French  measures  occur  frequently  : — 


X  Myriametre  *  10,000  metres. 

1  Kilometre  ■■     xooo 

I  Hectometre  *      xoo 

I  Decnmctre  »         10 


Metre  «  39'37079  Eng.  fai 

Decimetre  vx-ioth  met.  *   3'9370''Q 

Centimetre**  x-iocth  met.  »  o*3937c8 

MiUimetre»x-ioooth  met.  »  0*039371 
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US.)  To  turn  Russian  Versts  into  NatUical  Miles. 

I  Yer8ti«o*5759  mile,     i  inile«' 1*7364  Tent. 
w,-^  3$**,  tbe  Dist.  and  Dep.  correspond  to  vertU  and  mtlet.    Add  i  in  260.    Thvs.  300 
^'^  i7»"i,  or  more  nearly  (adding  '6)  172*7  miles. 

'  ^')  To  turn  Spanish  Brazas  into  English  Fathorns. 

\i  ^  1  brazaa*o'9i5  fath.     x  fath.i«i*09ft  bras. 

/ij  ^tk     •  the  Dist.  and  Dep.  correspond  to  braxat  and  fathomM.    Tlius,  200  brazu  trs 
^«>U  nearly. 

'J    To  turn  Spanish  Varas  into  Yards. 

^  1  yarai-o*9i42  yard,     i  yard*  1*0964  Tar. 

^^^,  the  Dist.  and  Dep.  correspond  to  vartta  and  yards.    Thus,  300  varas  are  274'! 

(15.)  To  turn  Swedish  Feet  into  English  Feel. 

I  Swed.  foot  (yb<f)BO-9739  Eng.  foot,     i  Eng.  foot-  1*0268  Swed.  foot 

M  77^,  the  Dist  and  Dep.  correspond  to  Swedish  and  EngUihfeet,    Thus,  300  Swedish 
feet  are  192'  3  English  feet 

To  compute  a  Term.  For  the  D.  Lat.  To  the  log.  of  the  Disv.  add  the 
log.  COS.  of  the  Course ;  the  sum  is  the  log.  of  the  D.  Lat 

For  the  Dep.  To  the  log.  of  the  Dist.  add  the  log.  sine  of  the  Course ; 
the  sum  is  the  log.  of  the  Dep. 

Table  3.  Drpabture  and  Corresponding  Diffbrbnce  of  Longitodb 

This  Table  shews  the  number  of  minutes  of  Longitude  in  anj  number  of 
ftiut/cal  miles  from  I  to  10,  mradure<l  £.  and  W.,  in  lats.  under  70^. 


JEz.  1.  Lat  49^,  Dep.  2701. ;  find  the  D. 
Long. 

49^     20(2x10) 30*48 

7   10'67 

D.  Long.  41*15 


Ex.  2.  Lat  31®  30',  Dep.  8*701. ;  find  thfi 
D.  Long. 

3i°i       8    9-3« 

o'7 o'8a 

D.  LoKO.  10*20 


Id  general,  interpolation  for  any  fraction  of  a  degree  may  be  effected 
nearly  enough  at  sight,  ns  in  Ex.  2;  but  when 
accuracy  is  required,  find  the  D.  Long,  for     ^*  ^»  "hoTe. 

the  two  whole  degrees,  including  the  fractional  3>  t  *    9"33  9'33 

lat,  take  the  diff.  of  the  two  results,  and  with  ^*'        ^  ^  «  ^-^  r 

it  enter  the  col.  headed  D  to  P,  take  out  the  ^  ^ '  '*'"°'  '^'  ^o .  +jos 

I»airt8  and  add  them.  ^^  ^.^  +^.|j 

The  Table  may  often  be  useful  in  parallel  p^  Long.   "i?2o 

and  mid.  lat.  sailing ;  though,  to  be  properly 

adapted  to  this  purpose,  it  should  be  greatly  extended.     Its  chief  utility  lies 
ill  the  reduction  or  comparison  of  longitudes  in  plans  not  graduated. 

'Jo  compute  a  term.     To  the  log.  of  the  Dep.  add  the  log.  sec.  of  the 
I^t;  the  sum  (rejecting  10)  is  the  log.  of  the  D.  Long. 

Tablb  4   Difference  of  Longitude  and  C.>rrespondimg  Dbpahtvrb. 

This  Table  shews  the  immber  of  nautical  miles  in  any  number  of  roinulMi 
of  longitude  from  1  to  10,  in  lats.  under  70^. 

BB 
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Ex.  1.   Lit.  64®,  D.  Long,  ftyi';  find  the 
Dep. 

64^         MO   88'o 

70    30*7 

% o'9 

Dbp.  119*6 


Ex.  2.    Lat.  %%%  D.  Long.  4'«6 ;  ind 
the  Dq>. 

2a**»4  3*71     371 

»3»  ill? 

D.  to  1®  0*03,  for  30'...  —  'oa 

3-69 
22J  0-6  4-  '56 

Dsp.      4*25 

l*he  remarks  on  Table  3  apply  to  Table  4,  except  that  the  parts  for  the 
fraction  of  a  degree  are  to  be  subtracted. 

To  compvie  a  term.  To  the  log.  of  the  D.  Long,  add  the  log.  coa.  of  the 
Lat. ;  the  sum  (rejecting  10)  is  the  log.  of  the  Dep. 

Table  5.  Sphebical  Traverse  Table. 

This  Table  is  named  from  its  being  used  with  the  common  or  plane 
Traverse  Table,  in  cases  which  involve  Spherical  Trigonometry. 

The  Table  is  entered  with  the  lesser  of  two  given  arcs  or  angles  at  the 
top,  and  the  other  at  the  side ;  thus,  to  take  out  M  and  N  for  64^  and  15^ 
enter  with  15^  at  the  top  and  6i°  at  the  side,  then  M  is  found  2362,  and 
N  64-9.* 

Interpolation  for  a  fraction  of  a  degree  is  easy,  because  M  and  N  always 
increase.  In  eeneral,  it  is  enough  to  take  M  or  N  at  sight,  as  directed 
No.  19 ;  thus,  for  ex.,  to  find  M  for  dO'^  47'  and  66""  18',  that  is,  for  59|  and 
66^,  we  may  take  496. 

For  greater  precision^  take  the  differences  between  each  two  terms  con- 
cerned, and  proceed  to  proportion  separately  for  each. 

The  Table  solves  by  inspection,  approximately  only,  bat  very  ejqpediti- 
ously,  several  problems.  This  method,  besides  being  near  enough  for  many 
practical  purposes,  will  often  be  useful  as  a  check  against  mbtakes  in  longer 
methods. 

(1.)  To  find  the  Hour-angle  from  the  alt  No.  613. 

With  the  hit.  and  decl.  find  M  and  N.  .  With  the  alt.  as  Course,  and  M 
as  Dist.  find  the  Dep. 

When  the  lat,  and  decl.  are  of  contrary  names,  take  the  sum  of  the  Dep. 
and  N«  The  course  answering  to  this  sum  as  D.  Lat.  and  Dist.  100  is  the 
Hour-angle  required. 

When  the  lat.  and  ^^.  are  of  the  smme  name,  take  the  diff.  of  the  Dep. 
and  N.  When  the  Dep.  exceeds  N,  the  course  answering  to  this  Diff.  as  D. 
Lat  and  Dist  100  is  the  Hour-«ngie ;  but  when  the  Dep.  is  less  tlian  N,  the 
supplement  of  the  said  course  is  the  Hour-angle. 

Ex.  2.    Lat.  51®  10'  S.,  ded.  19^*2/  N., 


Bx.  1.    Lst  is"*  32'  N..  4aoL  flP  3$^  6., 
alt  15^  26':  required  the  Hoar-«iigle. 

i5nand8°4,    M  104*9,    N   4*t 
I  f\  (ah.)  and  105,       Dep.  aS'o 

{mm)    3»-i 

Hov»-AN«i.»,  4^  44". 


alt  1 1°  5i'i  reqnired  Um  H«iir.«aglB. 

\f\  and  5l^    M  i6S'6,    N  44*7 
1 1*'!  and  169,  Dep.  34*4 

(»»)  79*1 
HouB«AN0i.a,  %^  3 1". 


*  It  will  be  peroeiTed,  on  inspecting  the  ekamplei,  that  after  M  and  N  we  taken  ost  to 
the  given  area,  tne  aritfametiGal  prooeaa  is  very  aiinilar  in  all  the  problems ;  Teff  little  prae- 
tice  will,  therefore,  render  the  aeveral  uses  of  the  Table  familiar.  Ai  the  proceas  of  oompiu 
tstion  oonsiAa  in  the  addition  or  subtraction  of  two  niimben  only,  tima  taken  out  by 
Inspection,  it  will  be  difficult,  if  not  impossible,  to  find  general  aolutiona  more  oondae.  As 
M  is  always  greater  than  N,  they  osn  never  be  oonlbnaded  together. 

It  is  becanae  the  Dqi.  always  tneraaMt  with  the  oonrae,  that  it  is  nsed  in  prefercnec  to 
t)ie  D.  Lat.  in  the  solutions  by  thia  Table,  the  rules  being  adq>ted  aooordii^. 
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Ex.  3.    Lat.  $6<>  50'  &,  ded.  56°  10'  S., 
•H.  64°  4/:  required  the  Hour-angle. 

57''ind  56P.    M  3a8-3,    N  228*3 
65°  and  328,  Dep.  297'3 

{dif.)    690 

HoQiuAKOLS,  3^  5*  (once  the  Dep.  cr- 
cwAN). 


Ex.  4.    Let.  47*"  3'  N..  ded.  2a«  3  /  N. 
alt.  8*^  2o':  required  the  Hour-angle. 

47®  and  22°1,    M  1 58*7,    N  44*4 
V*^  and  159,  l>ep.  23*0 

{d\f.)  21*4 

Course,  5^  11"*;  otHour-anolk,  6^49" 
(since  the  Dep.  is  lu9  than  N). 


When  the  lat  or  the  decl.  is  0,  N  is  0,  and  the  Dep.  is  to  be  taken  us 
the  D.  L4it.  to  100;  the  Course  corresponding  is  the  Hour^angle  requinnl. 


Ex.  5.    Lat.  o^  ded.  14°  N.  or  S.,  alt. 
17**:  required  the  Hour-angle. 

cand  14°,        M  103*1 
^^^  and  103,     Dep.  46*8 

HOUB-ANOLB,  4<*  8". 


Ex.  G.     Lat.  38°  N.  or  S.,  ded.  o,  aU. 
27^:  required  the  Hour-angle. 

o^and  38®,        M  126*9 
27®  and  127,     Dep.  57-7 

HOUE-ANOLX,  3**  40". 


(2.)  To  find  the  Hour-angle  on  the  Prime  Vertical,  No.  618. 
With  the  decL  aad  colat  find  N;  with  100  as  Dist.  and  N.  as  D.  Lat. 
fiiul  die  Course. 

Ex.  Lat  31%  ded.  14^  14^  and  59®  give  N.  41*5;  100  Dist.  and  41*5  D.  Lat. 
gire  Hoi-R.ANGLS  4^  22'°. 

(3)  To  find  the  Hour-angle  at  rising  and  setting,  No.  620. 

With  the  lat. and  decl.  take  out  N.  With  the  Dist  100  and  N  as  D.  Lnt 
find  the  Course. 

When  the  lat  and  decl.  are  of  contrary  names,  this  is  the  Hour-angle 
rrqiiired;  when  of  the  same  name,  take  the  tuppL  tol2  hours. 

Ex.  1.    Let  51*"  N.,  decL  %f  N. :  find  Ex.  2.    Lat  31''  N.,  ded.  40"^  S.  t  find 

the  Hov-angle  at  rising  or  flstting.  the  Hoilr-angle  at  rising  or'settiiig. 

17°  and  51®  giTe       N  62*9  31®  and  40**  give       N  50*4 

Dist.  100  and  D.  Lat  62*9  give  Course  loo  and  50*4  give  4^,  the  Houa-ASOi.K 

1^  H",  and  the  Hour- ANOLS  required  8^36"*.      required. 

(4.)  To  find  the  effect  of  Refraction,  &c.  on  the  above,  No.  698, 
With  the  lat.  and  decl.  take  out  M.   With  M  as  Dep.  and  the  Hour-angh 
at  rising  or  setting  as  Course,  take  out  the  Dist     Multiply  this  Dist  by  the 
sum  of  34'  and  the  depression  to  the  height  Tabled;  the  product  divided  by 
tSOO  is  the  portion  of  tine  required  in  min.  and  decimals. 

Ex.  1,  No.  638.  Lat  28"^  and  Ded.  ifP  give  M  117  8.  Then  Lat.  28''  N.  and  Ded  iS'' 
N.  give  Hour-angle  at  setting,  6>*  35"*.  The  suppl.  of  this,  as  U  exceeds  6*>,  or  ^  ^^*'  as 
f^arie,  and  Dep.  117*8,  give  Dist.  119. 

Dist  119  mult  by  34  +  117,  or  151,  is  17969;  wUch,  •«•  by  1500,  gives  ii"**9. 

(5.)  To  find  the  Time  of  Twilight  No.  641. 

With  the  lat  and  the  son's  deol.  find  M  and  N.  With  the  Course  18"' 
and  the  Dbt.  M  find  the  departure. 

When  the  lat.  and  decl.  are  of  tame  name,  odd  this  dep.  to  N ;  the 
CouTM  corresponding  to  the  sum  as  D.  Lat.  and  Dist  100  is  the  A.  T.  of 
the  beginning  of  twilight  A.M. 

When  the  lat  and  decl.  are  of  contrary  names,  t«ke  the  diffw  between  tho 
above  Dep.  and  N ;  the  Course  corresponding  to  this  diff.  as  D.  Lat  Ami 
Dist  100  is  the  time  twilight  heymSf  ▲.!!  ,  when  the  Dep.  is  greater  tlian  N  *. 
and  the  time  it  eudni  P.x.,  when  the  Dep.  is  lees  than  N. 

Each  of  these  times  is  th^  supplement  of  the  other  to  12^, 
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Ex.     hut,  lo^  N.,  tun's  ded.  ao'  N. :  required  Beginning  and  End  of  Twifight. 

2o^  and  30°  give  M  122*9  and  N  21.  Course  18°  and  Dist.  123  give  Dep.  38  (greater)* 
(mum  name)  mm  59.  Dist.  100  and  D.  Lat.  59  give  Coutm  jf*  56"*,  the  time  it  Bbgini 
4.11  .|  hence  it  Ends  at  S**  24"*  p.m. 

(6.)  To  find  the  altitude  00  the  Prime  Vertical,  No.  664. 
With  0  and  the  colat.  find  M.     With  the  decl.  as  Course  and  Mas Duv 
find  the  Dep.     With  Dist.  100  and  this  Dep.  find  the  Course. 


Ex.    Lat.  52^  Ded.  22®.    o  and  38^  giTe  M 
ist.  100  and  47*6  give  Course  or  Alt.  28  |. 


Dist 


126*9,  22^  and  Dist.  127  give  Dep.  47*6. 


Ex.  3,  No.  665  (worked  to  the  neareti  degree)^  gires  Dep.  too,  equal  to  the  Dist.  whidi 
means  that  the  Alt.  is  90°,  or  it  is  an  extreme  case. 

(7.)  To  find  the  Altitude,  the  Hour-angle  being  given.  No.  666. 

With  the  lat.  and  decl.  take  out  M  and  N.  With  the  compl.  of  the 
hour-angle  to  6^  as  a  Course,  and  Dist.  100,  find  the  Dep. 

When  the  lat.  and  decl.  are  of  eonirary  names,  take  the  diffi  of  this 
Dep.  and  N.  When  the  lat  and  decl.  are  of  the  $ame  name :  itthe  hour- 
angle  is  Us$  than  6^  take  the  mm  of  the  Dep.  and  N;  if  ^*Mr/^  than  6^, 
take  the  diff. 

With  tms  sum,  or  diff.,  as  Dep.  and  M  as  Dist.  find  the  Course,  which  is 
the  alt.  required. 


Ex.  1.    Lat.  15^  32'  N.,  ded.  8°  35'  S., 
Hour-angle,  4^  4$"*:  required  the  Alt. 

S""!  and  is^'l,    M  104*9,    N    4-1 
1^  15"  and  Dist.  loo       Dep.  32*2 

(cofii.  name),  d\f,  28*1 

Dist  X05  and  Dep.  28*1  give  Co.  15°! 
the  Alt. 

Ex.  2.    Lat  47°  3'  N.,  ded.  22**  37'  N., 
Hour-angle,  6^  50". 

22°^  and  47^     M  158-7,    N  44*4 
©k  50"  and  100  Dep.  21*6 

{dif.)  22-8 

159  and  Dep.  22*8  give  Alt.  8®. 


Ex.  3.     Lat.  56°  50'  N.,  ded.  56**  10'  N., 
Hour-angle,  3^  5". 

56*  and  57*>,    M  3283,    N  228-3 
2^  55"  and  100.  Dep.    69*0 

(«Mi)  29ri 
164*1  and  148*6  give  Alt.  65^. 

Ex.  4.     Lat.  22**  S.,  ded.  i**  N..  Hour, 
angle,  2^  15"*. 

3*' and  22°,      M  108*0,      N    2-1 
3^4S-  ^9 

{d^,)  80-8 
Alt.  49". 


When  the  lat.  or  ded.  is  0,  N  is  0,  and  the  Dep.  taken  as  Dep.,  with  M 
as  Dist  gives  the  course.  When  both  lat.  and  decl.  are  0,  the  alt.  is  the 
compl.  of  the  hour-angle  in  arc. 

(8.)  To  find  the  Azimuth,  the  Altitude  being  given.  No.  673. 

With  the  lat  and  alt.  take  out  M  and  N.  With  the  decl.  as  course,  and 
M  as  Dist.,  find  the  Dep. 

When  the  lat.  and  decl.  are  of  contrary  names,  take  the  turn  of  this  Dep. 
and  N :  when  of  ikn^  same  name,  their  difference. 

With  the  dist.  100,  and  this  sum  or  diff.  as  D.  Lat.,  find  the  course, 
which  is  the  azimuth  required. 

When  the  Ut  and  decL  are  of  eonirary  names,  this  azimuth  is  to  be 
reckoned  from  the  S.  in  N.  lat  and  from  the  N.  in  S.  lat  When  they  are 
of  the  same  name, -^  when  the  Dep.  is  less  than  N,  reckon  the  azimuth  from 
the  S.  in  N.  lat,  and  from  the  N.  in  S.  lat;  when  the  dep.  is  greaier  than 
N,  jseckon  the  azimuth  from  the  elevated  pule,  or  from  the  N.  in  N.  lat 

The  azimuth  is  reckoned  £•  or  W.  as  the  eelestial  body  is  to  the  £•  or  W 
of  the  merid.  at  the  time  proposed. 
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Ei.  L    Lift.  lo"*  S.,  dt  58®4c/  to  E^, 
ittd.  14°  aV  ^*  {conirmy  names). 

10'' and  5s4     M  195*8     N  29*0 
14^4  and  196    Dep.  49*0 

100  and  D.  Lat.  78*0  eive  39°i»  tlie 
Aim.  req.,  which  (in  S.  lat.)  is  N.  39°^  £• 


Ex.  2.    Lat  51^  30^ N.,  alt  of  Arctnnu 
40^  %^  to  W-d.,  diecL  to**  %'  N.  (mmm  name) . 

5i°^and4o°i  Miii*2     N  107*3 
»o°  and  211     Dep.   71*2 

100  and  D.  Lat  35*  i  gire  69®!,  or  Azim . 
req.,  S.  69°^  W.,  as  the  Vep.  is  the  lmt§r 


When  the  Lat.  is  0,  N  is  0,  and  the  Dep.  itself  becomes  the  D.  Lat, 
which,  with  Dist  100,  gives  the  Course. 

When  the  Declin.  is  0,  the  Dep.  is  0,  and  N  becomes  the  D.  Lat,  which, 
with  Dist  100,  gives  the  Coarse. 


Ex.  3.    Lat  o,  declin.  21^  N.,  alt  6i^ 

Lit  o  and    61  M  206*3       N  o 

21  and  206-3     Dep.   73*8 

100  and  D.  Lat.  73-8  give  42®!,  the 
Azimuth. 


Ex.  4.    Lat  48^  S.,  ded.  o,  alt  34"^. 

48^  and   34°     M  180*3      N  74*9 
o  and  180*3  Dep.       o 

100  and  74*9    giTe   Conrte  41°!,  the 
Azimuth. 


To  compute  M  and  N.*  For  M,  add  together  the  log.  secants  of  the 
given  arcs,  add  2  to  the  index,  and  reject  the  tens ;  the  sum  is  the  log.  of  M. 
For  N,  add  together  the  log.  tangents,  and  proceed  as  for  M. 


Ex.    Find  M  and  N  for  is"*  40'  and  69"*  1 1'. 

15^40'  log.  sec.  0*01644 

69  1 1  log.  sec.  0-4493 1 

M  292*2   log.  2*46575 


log.  tan.  9*44787 
log.  tan.  0*41999 

N  73*8   log.  1*86786 


Table  6.  Meridional  Parts. 

These  are  the  number  of  minutes  corresponding  to  each  degree  and 
minute  of  lat  on  Mercato«'^o  chart.  For  ex.,  the  mer.  parts  to  lat.  39^  12* 
are  2560.  f 

The  mer.  parts  are  given  to  each  minute  of  latitude  as  far  as  78^. 

To  compuU  a  Term.  Add  45°  to  half  the  latitude,  and  take  out  the  log. 
tao.  of  this  sum  (rejecting  10),  take  away  the  decimal  mark. 

The  process  maj  now  be  completed  arithmetieally,  thus : —  Complete  this 
nnmber  to  7  figures  by  annexing  ciphers,  or,  if  the  index  is  11,  to  8  figures, 
sDd  multiply  by  0  00079157. 

But  it  is  more  convenient  to  use  logs.  Consider  the  log.  tan.  tbus  pre- 
pared, as  a  natural  number,  and  take  out  its  logaritlim.  When  the  lat.  is 
less  than  13°  6'  prefix  the  index  5,  when  between  13°  6'  and  78°  34'  44^" 
prefix  6,  and  when  above  this  last,  7.  Add  the  const,  log.  6*898489 ;  the 
sum  IB  the  log.  of  the  mer.  parts. 

*  By  the  plane  Trayerse  Table.  With  the  greater  are  as  a  coarse,  and  D.  Lat.  100,  take 
oat  the  Dist.  and  Dep.  With  the  other  arc  as  course,  and  the  said  Dist.  as  D.  Lat.,  take  out 
the  Dist;  this  is  M.    With  the  said  D^.  as  D.  Lat.  toke  out  the  Dep.;  this  is  N. 

When  the  D.  Lat  100  is  not  fonnd  exactly,  take  oat  the  Dbt  and  Dep.  for  the  nest  less, 
sad  add  the  Dist  due  to  the  deibct  from  100. 

&.  Find  M  and  N  to  20^  and  42°.  Hie  Coarse  42^  and  D.  Lat.  100  me  Dist.  134*6, 
snd  Dep.  (jfO'o.  Then  20°  and  D.  Lat  134*6,  gire  the  Dist.  or  M  143*2,  and  the  D.  Lat  90 
gives  Dsp.  or  N  32*8. 

An  the  methods  br  Inspection  may  thos  be  eflfected  by  the  plane  Trarerse  Table. 

t  Hm  nevest  nmt  is,  of  course,  enough  in  navi^tion.  In  the  constrnction  of  charts 
two  dedmals  may  be  necessary*  and  recourse  may  be  had  to  Dr.  Inman's,  or  Mendoza  Rios's 
TablcK. 
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JCz.  1.    Find  tha  Mer.  Ptt.  for  the  Lut. 

'   ^^}  46**39'i  log.  tan.  10-025154 

Arttlimeticallf.  AnneiiAg  1  dphen  girea 
2515400,  wUeh  mvltiply  by  0*00079157  * 
199*112. 

By  logB.  25 IS  log.    '400538 

4  70 

Index  59  5-40060S 

Contt.  6*898489 

Mbb.  Pre.  199*11        log.  2*299097 


Ex.  2.    FumI  the  Mer.  Pirti  ftir  Lat. 

58-  50' 

»9  *5  \  74''  ^S* 

45       J     log.  tan.  10-554565 


554$ 


6 

5 

Index  6, 


log. 


•74390X 
47 

4 


6-743953 
Const  6-89848^ 

BInu  Fn.  4389*77     log.  3*6424^ 

Ex.  3.    Find  die  Mer.  Parta  for  the  Lat. 

78^  36'. 

Tht  log.  tan.  is  11*000812,  the  faidex 
prefixed  7,  Mer.  Farta  7922*13. 

The  6th  figure,  in  UBing  tableR  to  6  places,  will  often  be  in  error  nearly 
1 ;  hence  the  mer.  parts  may  be  in  error  nearly  *01,  or  1-lOOth  of  a  mile,  or 
nearly  60  ft 


DEPARTURES. 
These  Tables  are  used  in  the  methods,  chap.  iv.  p.  1 14. 

Table  7.   For  finding  the  Distance  of  an  Object  by  two  Bearings 

AND  THE  Distance  run  between  them. 

The  use  of  this  Table  is  described  in  No.  350,  p.  114. 

To  eompuU  a  Term.  To  the  log.  sine  of  the  difference  between  the 
course  and  the  1st  bearing,  add  the  log.  cosec.  of  the  difr.  between  the 
course  and  the  2d  bearing ;  the  sum  (re^eoting  tens)  is  the  log.  of  the  term. 

Table  8.  True  Depression  of  the  Sea-Horizon. 

This  Table  contains  the  Depression  to  each  minute  as  far  as  240,  with  its 
sqaare,  and  the  corresponding  height  in  feet 

The  Depression  is  the  Distance  of  the  visible  horizon,  No.  205. 

The  Table  may  be  also  useful  for  reference,  as  containing  the  squares 
and  square  roots  of  several  numbers. 

To  compuU  a  Term.  Multiply  the  square  root  of  the  height  in  feet  by 
1063.  Or,  for  greater  precision,  to  the  const  log.  6-49034,  add  half  the 
log.  of  the  height  in  feet ;  the  sum  is  the  log.  tangent  (or  log.  sine  nearly 
enough)  of  the  depression.* 

Approximattrly,  the  dist  visible  in  miles  is  the  square  root  of  the  he^ht 
in  feet,  an  accidental  relation  easy  to  remember. 


*  Aa  the  lower  latitudea  are  more  frequented  by  shipping  than  the  h%lier,  40*  has  bean 
assumed  as  the  average  Utitude.  Alao,  aa  the  curvature  of  the  earth  ia  difeent  on  the  prime 
vertical  and  on  the  meridian,  the  circle  ef  curvature,  croasing  the  meridian  at  45*  of  asiBiith, 
has  been  employed.  The  depression  is  accordinc^ly  computed  to  the  radius  20,909f&77  feel, 
irhich  gires  the  length  of  the  average  nautical  mile  (>082  feet,  nearly. 
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^^    Vbd  the  Tm  DeprMskm  for  the  hfligfat  107  foeL 

^  tmnle  H  tiie  sqaaro  root  of  107  is  ireii 
*^i  or  io*3  nearly. 

^W  10*3  X  1*063  >■  io'99  ^  Tr.  Dbpk. 


Conit.  6*4903 

Long,  of  107,        A*oi94»  i'oi47 

Ta-Dvpft.        ii'o"     tin.  7*5050 


Table  9.  Number  op  Feet  subtending  an  Angle  of  a  . 

Thii  Table  giyesy  by  simple  proportion,  the  Dttmber  of  feet  tubtendin^ 

an  aagle  of  any  number  of  minutes  and  seconds  within  3^  or  4^*  for  any 

drntBDce  in  nautical  miles.    It  is  very  convenient  for  finding  approximately 

the  distance  in  miles  of  an  object  of  given  dimensions,  as  also  the  dimensions 

ef  an  object  seen  under  a  given  angle  at  a  given  distance. 

The  simplest  way  of  u:iing  the  Table  is  to  find  from  the  question  the 
Dumber  of  feet  subtending  T. 

Ex.  1.    The  angiilar  height  of  a  mast-head,  138  feet  high  above  the  water-lfaie  of  the 
vosel,  ani  bo  horicoa  interreaing,  is  9' :  required  the  Distance  of  the  Vessel. 

138-1-9  gives  15*3  feet,  which  subtends  i'  at  nearly  9  miles,  the  Dist.  required. 

Ex.  2.    The  distance  between  two  vertical  lights  is  60  feet,  and  the  an^  it  subtends  Is 
4  :  required  Ike  Dastanoe  of  the  Light-house. 

60  +  4  gives  15  feet  for  i',  and  DisT.  required  %\  miles. 

Ex.  3.    The  length  of  a  vessel  from  the  stem  to  the  jib-boom  end  is  198  feet,  and  she 
■sbtendi  (when  seen  exactly,  or  nearly,  broadside  on),  27' :  required  her  Distance. 

198-1-27  gives  7*3  feet  to  i',  and  Dist.  required  4  miles. 

Ei.  4.    A  diff  £stant  5I  miles  subtends  a  vertical  angle  of  39'  (above  the  water  or  surf 
fine] :  reqeiied  its  Height. 

At  5^  miles  9*72  feet  subtend  1',  and  39  x  9*72,  379  feet,  the  Height  required. 

The  number  of  feet  in  the  Table  corresponds  nearly  to  the  number  of 
miles  iDcreased  by_4  of  itself;  thus,  8  miles  gives  14  feet. 

Tocon^nUe  a  Term.  To  tne  log.  of  the  dist  in  feet,  add  80109  (the  log. 
of  2)  and  the  log.  tan.  of  half  the  angle  proposed  (here  1')  ;  the  sum  is  the 
log.  of  the  term  required. 


Table  10.  Maritime  Positions. 

Order  of  Places.  The  places  follow  each  other  in  their  order  along  the 
cnasta,  except  where  it  is  convenient  to  pass  to  an  island  or  shoal  at^oining, 
after  which  the  coast  is  again  continued. 

The  (Geographical  Index  at  p.  879  removes  the  difficulty  which  would 
otherwise  be  experienced  in  searching  for  a  particular  place  under  any 
arrangement  whatever  of  islands  irregularlj'  placed  in  the  ocean. 

Names  in  the  Side  Columns.  The  names  of  countries  and  seas  inserted 
at  the  side  of  each  column  are  intended  merely  to  assist  the  forming  of  a 
general  idea  of  the  contents  of  the  page,,  and  are  not  to  be  considered  as 
accurately  defining  geographical  or  political  divisions. 

Mountains.  Mountains  visible  from  the  sea  are  insertedi  as  convenient 
for  taking  departures,  and  for  the  examination  of  the  compass.  The  heights 
of  summits  (to  the  tops  of  trees)  are  given  in  feet;  when  the  height  is  con- 
siderable, and  not  accurately  known,  the  distance  in  leagues^  at  whioh  it  is 
visible,  is  ^ivcn  instead  of  the  height.     The  height  may  on  many  occasions 
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bo  the  means  of  identifying  the  land.*  When  the  height  procedes  the 
point  of  which  the  position  is  given,  it  applies  to  the  summit  of  the  island 
or  cape. 

LighU,  The  descriptions  of  lighthouses  are  in  most  cases  giren.  In 
the  case  of  two  lights,  the  height,  and  also  the  position,  relate  to  the 
highest.     See  also  p.  387. 

Heights,  All  the  heights  are  reckoned  from  high  water ,  in  order  to 
throw  the  error  due  to  a  difference  in  the  height  of  the  tide  on  the  safe  side. 
For  ex.,  a  light  120  feet  above  high  water,  seen  at  a  certain  (angular) 
altitude,  places  the  ship  2  miles  off.  Now,  at  any  other  time  of  tide,  the 
height  exceeds  120  feet,  and,  in  order  to  view  it  under  the  same  angle,  the 
ship  must  be  more  than  2  miles  off;  that  is,  the  ship  is  really  farther  off 
than  is  supposed,  which  is  as  it  should  be. 

Secondary  Meridians.  These  are  the  places  in  small  capitals.  See 
p.  380. 

Latitudes  and  Longitudes,  The  Latitudes  of  ports  are  given  to  the 
nearest  tenth  of  T;  that  is,  to  6".  The  error  due  to  this  manner  of 
notation  cannot  exceed  3",  which  is  a  quantity  not  worth  dispute,  except 
in  fixed  observatories. 

The  Longitudes  of  ports  are  given  to  those  tenths  only  of  1'  which  cor- 
respond to  the  nearest  second  of  time.  These  are  *25,  '6,  and  *7o ;  the 
•05  being  dropped,  -2  stands  for  1"  (or  15  ),  -5  for  2»  (or  30"),  and  -7 
for  3'  (or  45");  that  is,  the  seconds  of  time  are,  in  round  numbers,  half 
the  number  of  tenths :  thus,  27'-2  is  read  2V 15",  or  r"48"  and  1",  or  1»49'. 
The  2  and  7  used  thus  are  distinguished  by  a  dot  below.  By  this  slight 
change  in  the  notation,  we  are  enabled  to  employ  at  once  the  diff.  long, 
as  deduced  by  the  Traverse  Table  in  minutes  of  arcs  and  tenths,  while  we 
preserve  the  utmost  precision  that  can  ever  be  required  in  practice.^ 

As  1'  of  long,  is  4'  of  time,  the  error  of  neglecting  the  seconds  in  the 
longitude  cannot  exceed  2*. 

The  omission  of  the  tenths  in  the  longitude,  when  those  of  the  latitude 
are  given,  implies  that  such  longitude  is  not  well  determined.  The  tenths 
of  1'  noted  in  several  longitudes  do  not,  however,  always  imply  precisely 
tliis  degree  of  accuracy  in  the  position,  but  serve  to  indicate  stations  lo 
which  the  longitudes  of  places,  not  very  distant,  may  conveniently  be 
referred. 

The  positions  of  headlands,  which  are  generally  passed  at  the  distance  of 
some  leagues,  are  given  to  the  nearest  minute  only,  in  order  to  relieve  the 
computation  from  useless  details.  When  the  position  falls  on  a  half  min.  it 
is  marked  J  a  min.  to  seaward^  to  throw  the  error  on  the  safe  side. 

The  position  relates  to  the  last-mentioned  point  (not  in  parentheses). 

Groups  of  Islands,  AH  groups  of  islandn,  and  all  single  islands,  rocks, 
or  shoals,  recorded,  are  inserted.  In  many  groups  all  the  islands  are  noticed ; 
where  this  is  not  necessary,  those  marking  the  limits  are  given. 

*  It  does  not  contiit  with  the  design  of  this  Tolume  to  give  rules  for  determining  the 
height  of  the  land  from  the  observation  of  its  altitude  with  a  sextant  But  when  the  disUuioe 
of  the  ship  from  the  lanU  io  known,  it  will  always  be  easy,  by  observing  the  altitade  and 
antunung  a  height,  to  find  whether  the  assumed  height  agrees  or  not  with  the  known  dis- 
tance, by  means  of  the  rules  in  chap.  iv.  p.  1 14,  and  thud  by  a  trial  or  two  the  true  height  will 
be  obtained  nearly.  As  the  heighl  ul  the  land  is  a  very  important  element  in  navigation  and 
maritime  geography^  seamen  may  render  essential  service  by  taking  advantage  of  favourable 
opportonities.of  determining  heights  in  this  way. 

t  Admiral  W.  F.  W.  Owen  has  employed  this  method  of  notation  in  his  Table  of  latitudes 
and  longitudes,  as  more  convenient,  in  actunl  uavigution,  than  that  of  seconds. 


i 
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H^^^oHne  Volcanoes.  Between  ihe  lats.  7^  N.  1°  S.,  and  long.  16**  and 
.  *^«,  several  ships  have  met  with  ashes  or  experienced  shocks.  Krusen- 
•^^n,  on  May  9th,  1806,  saw,  in  2°  43*  S.  20°  33'  W.,  a  column  of  smoke, 
which  shot  up  at  intervals.  There  is  little  doubt,  therefore,  that  the  region 
is  Tolcanic ;  and  though  Capt  Wickham,  in  H.M.S.  Beagle,  found  nu 
bottom  at  190  fathoms  in  1°  55' S.,  23°  W.,  it  is  not  unlikely  that  a  shoal 
may  at  some  time  appear,  and  on  this  account  the  attention  of  seamen  is 
d' reeled  to  this  region  in  column  (42). 

It  may  be  remarked  here,  that  land  suddenly  thrown  up  has  quickly 
sunk  again. 

Orthography.  In  the  names  of  places,  of  which  the  native  alphabet  does 
not  correspond  to  ours,  or  where  the  language  is  unwritten,  the  reader  muse 
expect  some  trifling  inconsistencies,  owing  partly  to  our  own  irregular 
orthography.  We  have  followed  chiefly  the  Hydrographic  Office,  which 
employs  the  Italian  vowels,  with  some  modification.  Thus,  a  as  in  father^ 
otas  i  (English)  in  shine ;  au  as  ow  (English)  in  cow  (Dutch  ow);  e  as  a 
(English)  mface;  u  (or  ou  in  some  cases)  as  oo  (English)  in  fool,  or  u  in 
ntrt  (French  ou,  Dutch  oe).  For  ex.,  Apic^  pronounced  Ah-pee-a ;  Mitiiroy 
pronounced  Mee-tee-air-o ;  Manua,  pronounced  Man-oo-a,  not  Manytia 
Cook's  '*  Whytootackie "  is  spelt  AUutahi,  as  by  the  missionaries,  who, 
wherever  they  have  instructed  the  Pacific  islanders  in  writing,  have  wisely 
given  them  the  Italian  vowels.  Some  names  we  preserve  in  forms  already 
known  to  our  seamen,  as  Nareenda,  Toofaoa  (pronounced  Narinda^  Toufoua)^ 
&c.,  as  also  Otaheite  (  Tahiti),  in  which  the  o  is  not,  however,  absolutely 
erroneous. 

We  have  sometimes  marked  the  pronunciation  by  an  accent,  as  Battanta, 
Galapagos,  Tongatdbou,  &c. 

It  must,  however,  always  be  borne  in  mind  that  each  different  people 
calLt  the  same  place  by  different  names ;  this  accounts  for  the  discrepancies 
in  names  given  to  numerous  islands. 

NotaHon  and  Details.  Everything  in  parentheses  is  additional  informa- 
tion (to  be  explained  under  the  Symbols),  but  which  does  not  relate  to  the 
position. 

Ex.  Col.  (31)  4,  C.  Xjli  (pk.  1040  f.,  N  1'  '5)  .  .  .  denotes  that  there  is  a  pk.,  &c., 
httt  tbe^wttfiofi  is  of  C.  XjU. 

C.  Mnasendom  (N  pt.  of  Id.  [2.  m.]),  denotes  C.  M —  is  the  N  pt.  of  an  Id.,  &c. 

Pt.  Sipang,  a  ^  (rks.  5  m-)*  •  •  •  denotes  a  rk.  (awash)  off  Pt.  S — ,  and  rks.  also  5  m.  out, 
bat  iht  position  is  that  of  the  rock  dose  off. 

in  regard  to  details  there  is  probably  much  to  correct,  in  consequence  of 
the  conflicting  statements  of  navigators.  One  says  that  Maitia  Island  is  4| 
miles  long,  another  1}  ;  and  other  cases  might  be  quoted.  Still  greater  dis- 
crepancies naturally  occur  in  heights:  Marion  and  Crozet,  in  1772,  con- 
sidered Mount  Egroont  in  New  Zealand  about  as  high  as  Pico  in  the  Azores ; 
Foster  (Cook's  Voyages)  made  it  14,760  feet ;  one  of  M.  Bellinghausen's 
officers,  M.  Zavodovski,  made  it  9947  feet ;  another,  M.  (now  Admiral) 
Lazarev,  8282  feet*  The  remark-book  of  one  of  H.M.  ships  exhibits 
t^o  different  observations  on  the  same  day,  which  give  5097  feet  and  6652. 
Such  discrepancies  baiBe  criticism.  Appearances  also  change  with  time, 
and  hence  another  source  of  discrepancy.     It  is  perhaps  due  to  this,  that 


*  "  Voyages  of  Discovery  in  the  Southern  ley  Ocean,  in  the  Rassian  Imperial  ships  Mirny 
inH  Voitnk,  1819"     This  work  unfortunately  does  not  seem  *o  have  been  translated.     The* 
ulifion  quoted  is  tlatcd  St.  Petcrsburgh,  1820. 
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Amargura  b  described  in  the  remark-book  of  H.M»S.  Favt>arit€i,  m  1842, 
as  **  covered,  or  nearly  so,  with  shrubs  and  some  cocoanut-trees ;"  whila 
Sir  £.  Home,  who  f&aw  it  in  1845,  describes  it  as  without  trees.  Again, 
Capt.  Barnett  acquaints  me  that  for  some  years  past  an  insect  has 
been  destroying  the  cocoanut-trees  in  the  West  Indies,  which  have,  in 
consequence,  disappeared  from  many  places  formerly  well  planted  with 
them. 

That  the  natives  of  uncivilised  countries  should  receive  different  cha« 
racters  at  different  hands  is,  of  course,  to  be  expected.  A  savage  is  a 
very  different  kind  of  person  within  range  of  a  heavy  battery  of  cannon  and 
as  the  irresponsible  master  of  a  helpless  stranger.  The  character,  also,  of 
uncivilised  people  changes  rapidly.  The  natives  of  the  Samoa  islands,  since 
.heir  conversion  to  Christianity,  have  become  mild  and  humane.  On  the 
other  hand,  the  Pelew  islanders  seem  to  have  lost,  in  little  nore  than  a 
generation,  their  former  amiable  character,  and  to  have  become  ferocious 
savages.  D*£ntrecasteaux,  who  commanded  the  first  expedition  sent  in 
1792  to  discover  the  fate  of  the  unfortunate  La  P^rouse,  fou  jd  the  conduct 
of  the  natives  of  Balade  altogether  different  from  what  he  had  expected  from 
the  favourable  description  given  of  them  by  Cook. 

The  seaman  must  draw  no  conclusions  from  the  absence  of  details  ;  he  is 
not,  for  example,  to  infer  that  a  place  is  safe  merely  because  it  is  not  marked 
dangerous. 

Uses  of  the  Table.  This  table  has,  in  navigation,  two  applications  :  ist, 
it  furnishes  points  of  departure  in  leaving  and  in  making  the  land,  under 
which  head  are  included,  also,  islands  made  in  passages,  and  dangers  to  be 
avoided  in  shaping  the  course ;  2d,  it  gives  the  positions  of  ports  and 
anchorages  for  the  more  complete  regulation  of  the  chronometer.  Places, 
therefore,  not  belonging  to  one  or  the  other  of  these  two  classes  are  un- 
necessary, because,  in  such  circumstances,  generally,  the  ship  is  either  in 
pilot-water,  or  is  navigated  by  the  chart  alone. 

Lights,  however,  are  inserted  in  greater  number,  because  a  ship  in 
a  fog  may  pass  an  outer  light  unseen,  and  learn  her  position  from  an 
inner  one. 

AddidonaL  A  list  is  annexed  of  380  places  al  which  Ship's  Stores  of 
some  kind  may  be  obtained,  exclusive  of  water  or  refreshments  (already 
provided  for  by  symbol).     The  list  is  at  present  very  imperfect. 

1.  Arrangement  of  the  Positions. 

It  is  proper  here  to  describe  the  pnnciples  on  which  this  table  has  been 
constructed,  and  to  which  allusion  was  made  in  the  preface  to  the  first 
edition. 

It  will  be  admitted,  as  remarked  (pref.  p.  viii.),  that  the  relative  positions 
of  places  are  of  much  greater  consequence  in  navigation  than  their  absolute 
positions.  For  no  astronomical  observations  taken  at  sea  can  be  implicitly 
depended  upon  within  several  minutes  of  long.,  and  the  chronometer,  in  con- 
sequence of  not  preserving  exactly  the  same  rate,  ceases,  after  some  days,  to 
afford  the  true  longitude  of  the  ship.  Since,  therefore,  the  absolute  longi- 
tude of  the  ship  herself  cannot  be  determined  with  certainty,  the  knowledge 
of  the  precise  longitude  of  any  position,  as  a  rock,  or  a  shoal,  which  she  may 
he  near,  is  but  of  little  service.  But,  on  the  other  hand,  a  tolerably  good 
account  of  the  ship's  change  of  place,  in  short  intervals  of  time,  is  afforded 
by  a  chronometer  even  of  inferior  quality,  and  hence  it  becomes  of  pani^ 
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mouot  importance  that  the  phices  which  the  navigator  employs  at  pointa  of 
departure  should  be  rightly  placed  tintA  respect  io  each  oAer,  whether  thej 
ire  ID  their  true  positions  or  not. 

Previoualy  to  Cook's  voyages,  ^bich  may  be  considered  as  the  com* 
mencement  of  modem  hydrography,  the  only  method  (besides  the  rude  and 
imperfect  determination  of  the  ship's  run^  of  obtaining  the  longitude  of  every 
new  land  made,  was  the  lunar  observation.  But  ^i  that  method,  from  its 
inaccuracy,  fails  altogether  in  exhibiting  truly  relative  positions  (No.  1008), 
chronometers  were  employed  in  combining  together  the  results  of  observa- 
tions taken  at  different  places,  of  which  numerous  instances  are  recorded  by 
Uorsburgh  in  his  East  India  Directory.  Since,  however,  the  observations 
made  at  two  places  are  not  in  general  equally  good,  this  method  of  com- 
bining observations  with  chronometric  differences  has  the  disadvantage  of 
impairing  the  better  determination  of  the  two,  and  in  consequence  throws  a 
difficulty  over  the  connexion  of  either  of  them  with  a  third  place  better 
known.  Succeeding  navigators,  proceeding  in  the  same  way,  have  obtained 
other  results  of  observation,  and  other  chronometric  differences ;  and,  in 
consequence,  the  hydrographer  who  has  not  the  means  afforded  him  of  in-, 
stituting  a  critical  examination  of  the  several  positions,  or  of  their  connexion 
with  each  other,  is  driven  to  the  necessity  of  taking  a  mean  between  each 
new  result  and  those  adopted  from  former  navigators,  and  thus  the  whole 
mass  of  positions  is  kept  in  a  state  of  perpetual  fluctuation,  from  which  it  is 
impossible  thitt  universal  precision  can  ever  be  obtained. 

In  marine  surveys,  again,  different  meridians  have  been  assumed,  and 
different  longitudes  of  the  same  meridian.  In  some  cases  the  long,  of  the 
meridian  assumed  has  not  been  given ;  in  others,  the  meridian  itself  has  not 
been  specified  at  all. 

If,  however,  instead  of  thus  throwing  open  the  discussion  of  every  place 
at  each  new  voyage  of  discovery  or  surveying  expedition,  and  unsettling  all 
that  bad  previously  been  done,  without  any  assurance  that  the  new  series  of 
positions  would  not  in  its  turn  be  unsettled  again,  navigators  and  hydro- 
graphers  would  agree  to  consider^  for  the  time  being  only,  certain  important, 
stations,  as  already  established  in  longitude,  whether  really  so  or  not,  witli 
the  view  of  referring  all  the  subordinate  positions  to  them,  the  indistinctness 
which  now  hangs  over  absolute  and  relative  position  would  be  forthwith 
cleared  up.  The  question  would  be  narrowed  into  the  determination  of 
ehronometric  differences  alone,  until  favourable  opportunity  occurred  for  the 
definitive  detennination  of  a  fundamental  position.  Accurate  chronometric 
measures  would  be  no  longer  lost  to  the  world  by  being  merged  in  the 
nnoertain  results  of  a  few  astronomical  observations ;  and  the  labours  of  each 
navigator  would  always  maintain  their  proper  value,  instead  of  being  set 
aside,  as  they  must  inevitably  be,  on  the  appearance  of  a  new  survey,  in 
which  the  data  are  exhibited  in  a  distinct  form.  The  works  of  different 
navigators,  and  of  the  navigators  of  different  countries,  could  be  brought 
into  immediate  comparison,  a  task  which  is  at  present  often  difficult  and 
unsatisfactory,  if  not  impossible.  The  labours  of  the  hydrographer  would 
be  materially  simplified ;  and  as  the  points  to  which  inquiry  should  next  be 
directed  would,  by  this  system,  be  distinctly  brought  into  view,  the  whole 
suljeet  would  advance  steadily  to  its  ultimate  perfection. 

The  following  instances  may  be  cited  in  illustration : — The  long,  of  Rio 
de  Janeiro  (Fort  Villagagnan)  has  been  by  some  stated  to  be  43^  15',  by 
others  43^  9^,  while  both  parties  have  adopted  56°  13'  as  the  long,  of  Monte 
Video  (Rat  Island).     Now  the  true  D.  Long,  of  these  places  is  52**  18*» 
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probably  withia  1'  or  2',  certainly  w^itliiii  4' ;  but  the  diff.  of  43°  15'  and 
66°  13'  is  51™  52\  or  an  error  is  admitted  on  one  side  of  26*  in  a  run  of 
about  10  days.  Again,  the  lon^.  of  Amboina  was  adopted  differently  by 
different  authorities,  who  agreed,  ns^ertheles?),  verj  nearly  at  Pulo  Pisaog,* 
(120^  41'}),  only  203  miles  distant.  Had  attention  been  earlier  directed 
to  differences  of  longitude  as  measured  from  fundamental  points,  such  in- 
consisteficies  would  speedily  have  disappeared. 

Accordingly,  it  was  proposed  (Naut.  Mag.  1839,  On  the  longitudes  of 
the  principal  maritime  points  of  the  globe)  to  adopt  certain  points  under  the 
name  of  Secondary  Meridians^  this  general  term  being  used  to  distinguish 
them  from  the  prime  meridians,  as  Greenwich,  Paris,  &c.,  from  which  the 
longitudes  in  the  tables  or  on  the  charts  must  be  reckoned.  The  number  of 
stations  employed  in  the  arrangement  is  now  25,  but  this  is  altogether 
matter  of  convenience,  and  will  vary  with  the  progress  of  the  subject!  The 
points  selected  are  so  far  distant  from  each  other  that  the  errors  of  their 
relative  positions  could  not  be  easily  discoverable  by  the  ship's  chrono- 
meters ;  and  they  must  themselves  depend  on  astronomical  observations,  of 
which  it  is  important  to  remark,  the  number  necessary  for  an  unlmpugnable 
determination  appears  to  be  very  great.  The  Secondary  Meridians,  with 
the  districts  for  which  they  are  intended  generally  to  serve,  and  their 
adopted  longitudes,  are  as  follows:— 

1.  Punch AL,  Brit  Consul's  house  (N.  Atlantic,  N.W.  coast  of  Africa, 

Canaries,  &c.)  i6®  54'  45'W. 

2.  Pai.brico,  Observatory  (west  portion  of  the  Mediterranean) 13  ai  9  £. 

3.  MiLO,  Summit  of  Mount  Elias  (Archipelago) H  >3  '  ^* 

4.  C0X8TANTINOPLB,  St.  Sophia  (Black  Sea)  a8  58  59  E- 

5.  St.  Pbtkrsburoh,  Pulkowa  Obser.  (Baltic,  White  and  Black  Seas)  30  19  40  E. 

6.  Cape  of  Good  Hope,  Observatory  (South  Africa) tS  18  45  E. 

7.  Bombay,  Observatory  (W.  coast  of  India,  Red  Sea,  Persian  Gulf)  .  7a  48  4  E. 

H.  Madras,  Observatory  (India,  and  coasts  eastwards)  80  14  19  E. 

9.  Homo  KoNO,  Cathedral  (China,  coast  and  seas)  114  9  38  B. 

10.  Nagasaki,  Minage  point  (Japan  islands) 129  51  33  E. 

11.  Batavia,  Observatory  (Java,  islands  and  seas  adjacent)    106  48  7  E. 

12.  Stdnkt,  Fort  Macquarie  (Australia)     151  14  o  E. 

13.  Port  Nicholson,  Wellington,  Pipitea  point  (New  Zealand; 174  47  53  E. 

14.  Otahbite,  Pt  Venus,  Extreme  (South  Pacific  Ocean) 149  19  oW. 

15.  Sandwich  Islands,  Honolulu,  King's  Cottage  (North  Pacific) ...   157  51  o  W. 

16.  EsQuiifALT  Harbour,  Dnntse  Head  (Vancouver  I.  and  British 

Columbia) 113   26  45  W. 

17.  San  Francisco,  Fort  point  Lighthouse,  S.  side  of  entr.  (California)  lai  27  38  W. 

18.  Panama,  N.B.  Bastion  (Mexico  and  Ecuador)  79   31  9  W. 

19.  Valparaiso,  Fort  St.  Antonio  (W.  coast  of  S.  America) 71   38  o  W. 

20.  Magellan  Strait,  Sandy  point  boathouse  (Magellan  Strait  and 

W.  coast  Patagonia) jq    em    37  W. 

21.  Rio  db  Janeiro,  Fort  Villagagnon  (E.  coast  of  S.  America)  43  9     o  W. 

22.  Havana,  Moro  lighthouse  (West  Indies,  &c.)    8a  aa     4  W. 

23.  Boston,  Cambridge  Observatory  (United  Sutes  N.  America)  71  7   39  W. 

24.  Halifax,  Observatory,  Dockyard  (British  N.  America  and  Canada)  63  35   10  W. 

25.  Newfoundland,  St  John's,  Chain-rock  battery  (Newfoundland 

and  Labrador)    ^%  ^  47  W. 

*  VerzameltHff  van  Sterre  en  Zemfaartkwutlige  TqftUn^  &c,  door  Jacob  Swart,   te 
Amsterdam,  1841. 

f  The  number  of  Secondary  Meridians  in  tKe  1st  and  2d  editions  was  18 ;  some  of  them 
have  aUo  undergone  correction  since. 
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In  the.  discussions  in  the  Naiit.  Mag.,  on  which  the  Table  is  fi  uiiiled,  the 
istronomical  or  absolute  evidence  for  eacli  place  is  kept  entirely  distinct  from 
tker«2afmor  chronometricai,  and  each  portion  of  the  evidence,  accompanied 
vitb  the  necessary  details  when  they  could  be  obtained,  is  placed  in  chro- 
nological order.  By  this  arrangement  the  connexion  between  the  several 
places  is  made  apparent,  an  estimate  of  the  value  of  each  determination  may 
be  formed,  new  evidence  is  admitted  without  confusion,  and  correction  may 
be  carried  out  to  any  extent  while  proper  regard  to  consistency  is  preserved. 

The  method  of  surveying  by  means  of  chronometers  alone,  to  the  ex- 
clnsion  of  astronomical  observation,  has  already  been  extensively  adopted,  as 
in  Captain  Smyth's  surveys  in  the  Mediterranean, —  in  Captain  W.  F.  W. 
Owen's  surveys  of  the  vast  extent  of  coast  from  Sierra  Leone  to  C.  Guar- 
dafoi,  with  the  island  of  Madagascar,  and  some  others  in  the  Indian  Ocean, — 
in  Captain  Fitzroy's  surveys  of  South  America,  and  in  others  now  in  pro- 
gress; the  principle,  therefore,  is  not  advanced  as  new ;  but,  in  thus  stating 
at  length  llie  system  on  which  I  have  arranged  this  Table,  I  have  endea- 
voured to  urge  the  necessity  of  making,  in  the  present  state  of  hydrography, 
the  astronomical  determination  a  totally  separate  consideration,  and  to  suggest 
the  advantage  of  a  common  recognition  of  fundamental  points. 

[1.]   Sfymbob  dtnoHng  the  Values  of  the  Deiermtnaiiofu. 

The  symbols  o  e  0)  ®  attached  to  certain  places,  indicate  the  degree  of 
precision  with  which  their  positions  are  supposed  to  be  known. 

The  circle  represents  the  horizon  of  the  place ;  the  line  thus  —  a  pa 
rellel  of  latitude ;  and  the  line  thus  |  a  meridian.     Accordingly,  the  meaning 
of  the  symbols,  generally,  is  as  follows :  — 

1.  O  implies  undetermmed  either  in  lat.  or  long. 

2.  Q  implies  determined  in  latifude  only,  or  the  longitude  wanting. 

3.  0  implies  determined  in  longiiude,  or  the  latitude  wanting. 

4.  9  implies  determined  both  in  latitude  and  longitude. 

A  dot  under  the  o  implies  aggravaied  uneeriamiy. 

As  very  few  places  are  determined  in  the  strict  sense  of  the  word,  while, 
on  the  other  hand,  no  known  place  can  be  said  to  be  absolutely  undeter' 
tninedf  the  sense  attached  to  these  two  words  must  be  defined  by  the  pur- 
poses which  the  symbols  are  intended  to  serve  in  hydrography  or  in  the 
navigation  of  a  ship. 

The  different  degrees  of  determination  are  indicated  by  the  position  of 
the  symbol. 

1.  The  symbol  o  denotes  a  doubt  of  not  less  than  2'  of  lat.,  or  some- 
what more  of  long.  It  is  affixed  to  the  Flannen  Islands^  which  Capt.  Vidal 
"thinks  are  several  miles  to  the  northward  of  their  position  on  the  charts" 
(Naut  Mag.  1842).  It  is  used  when  the  authorities  differ  from  each  other, 
or  themselves :  thus  Capt.  W.  F.  W.  Owen  places  Cape  Nun  in  28°  41'  N., 
and  Lieut  Arlett  in  28°  46',  the  long,  not  being  well  known.  As  a  discre- 
pancy of  tbb  kind  may  arise  from  the  observer  having  observed  different 
points  of  the  headland,  the  symbol  is  oflen  used  when  the  precise  point  of 
observation  is  not  specified ;  thus  the  RoycU  Bishop  bank  is  stated  by  Hors- 
largh  to  be  40*1  W.  of  Pulo  SapaU,  and  the  S.  pt  (of  the  same  bank)  as 
1^  39*  £.  of  Pulo  Condore,  but  the  given  lats.  differ  8'. 

The  symbol  is  also  used  with  positions  depending  on  a  ship's  run ;  thus 
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Horsburgh  gives  the  position  of  Ceicer  de  Mer  as  S.  87°  E.,  41  milei  from 
Ceicer  da  Terra,  which  may  be  far  from  exact. 

This  symbol  has  also  been  used  in  determinations  by  a  single  authority 
not  specially  employed  in  surveying.  This  is  a  mere  matter  of  caution,  and 
no  reflection  on  the  navigators  to  whom  we  are  indebted  for  the  positions,  as 
will  appear  when  we  consider  that  Horsburgh  found  a  discrepancy  among 
t)\e,  best  authorities,  which  he  could  not  reconcile,  amnunling  to  d'  in  ttio 
latitude  of  so  conspicuous  and  familiar  a  landmark  as  the  peak  of  Craoaloa 
in  the  Straits  of  Sunda. 

This  symbol  placed  after  the  name  in  the  side  column  denotes  that  the 
district  generally  is  imperfectly  known,  as  the  Nicobar  Is. 

2.  The  symbol  e  indicates  the  latitude  well  enough  determined  for  ordi 
nary  purposes,  but  the  longitude  defective.     It  occurs  frequently. 

3.  The  symbol  <D  occurs  rarely. 

4.  The  symbol  ®  after  the  name  of  a  pointy  implies  a  tolerably  precise 
determination. 

It  would  have  been  prefixed  to  Pulo  Aor,  but  this  island  is  2  miles  from 
E.  to  W.,  and  the  precise  point  of  observation  is  not  specified. 

When  placed  after  x\\%  name  in  the  side  column,  it  implies  trigonometrical 
survey,  subject  to  future,  though  probably  small,  correction;  as,  for  ex. 
parts  of  our  own  coasts,  the  coast  of  Holland,  Iceland,  Greece,  Italy,  India^ 
Corsica,  R.  St.  Lawrence,  Massachusetts,  Rhode  I.,  &c 

When  placed  before  the  name  in  the  side  column,  it  denotes  final  deter- 
mination. The  coasts  so  distinguished  are  part  of  our  own,  and  it  should 
have  been  attached  to  France.  The  survey  being  in  progress  on  the  coasts 
of  Ireland,  these  may  be  expected  to  undergo  some  correction.  The  mark 
is  not  prefixed  to  Holland,  since,  according  to  M.  Daussy  (Conn,  des  Tem.s 
1843),  there  appears  to  be  a  discrepancy  of  3"*  in  the  latitudes,  arising,  as 
he  supposes,  from  a  slight  difference  in  the  eccentricity  adopted  in  the 
elliptical  meridian. 

This  final  characteristic  cannot  obviously  be  applied  until  the  secondary 
n^eridian  is  unalterably  fixed;  it  4oe8  not,  therefore,  precede  Italy,  Greece. 
pr  India.* 

When  no  symbol  is  attached  either  to  the  district  or  to  the  points  of  the 
coast,  it  is  in^plied  that  we  are  not  in  possession  of  such  additional  evidence 
fis  might  serve  to  form  a  definite  opinion  on  the  accuracy  of  the  several 
points. 

The  Secondary  Meridians  take  no  symbol,  since,  though  not  all  finally 
determined,  they  are  assumed  as  the  leading  points  of  the  arrangement. 

2.  Description' Symbols. 

The  importance  of  abbreviations  and  symbols  in  saving  time  in  writing 
is  so  generally  felt  that  most  persons  who  write  much,  habitually  employ 

*  The  attention  of  leamen  is  particularly  oalled  to  the  considerations  in  the  test.  By 
having  distinctions  established,  in  the  Table,  between  correct  and  uncertain  positions,  the 
navigator  will  have  his  circumspection  awakened  on  approaching  land  of  donbtful  situation ; 
and  on  leaving  it  again  he  will  be  enabled  to  avoid  errors  or  perplexity  in  his  reokomng 
consequent  on  adopting  an  erroneous  point  of  departure. 

It  is  also  hoped  that  a  further  important  end  will  be  answered  by  the  ww  of  the  symbols, 
and  that  intelligent  individuals,  thus  made  aware  of  the  deficiencies  or  errors  of  the  chaitf 
and  tables,  will,  for  the  benefit  of  navigation  and  hydrography,  avafl  thentsdves  «f  oppor* 
tunities  to  determine  or  verify  doubtful  positions. 
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eertain  signs,  intelligible  to  themselves,  to  save  the  tedious  repetition  of  the 
same  letters  and  syllables. 

Suitable  and  expressive  symbols  are,  however,  not  merely  a  convenienca 
to  tbe  writer^  bat  afford,  in  general,  the  advantages  of  distinctness,  explicit- 
neM>  and  economy  of  time  to  the  reader,  together  with  another  of  still 
greater  consequence,  namely,  certainty.  This  last  assertion  will  not,  per- 
haf»,  be  so  generally  assented  to  as  the  former,  but  the  truth  of  it  is  easily 
sstablished.  For  example,  a  seaman  in  any  particular  part  of  the  world 
opens  a  book  to  learn  where  he  may  find  a  good  anchorage.  His  eye  na- 
turally looks  for  the  word  *'  anchorage''  or  ^*  anchor,''  as  it  would  for  a  sign 
or  symbol.  Having  found  the  word,  he  is  then  obliged  to  read  the  entire 
sentence  which  contains  it,  in  order  thoroughly  to  comprehend  the  meaning ; 
since,  without  a  clear  understanding  of  all  that  is  said  about  anchorage,  it  is 
not  safe  to  act.  Now  this  sentence,  though  it  relates,  as  vre  suppose,  in 
some  way  to  anchorage,  may  not  contain  at  all  the  information  that  he 
rf>quire8;  it  may,  for  example,  allude  to  some  ship  having  partially  or  un- 
successfully searched  for  an  anchorage,  or  it  may  merely  intimate  that  no 
good  anchorage  has  been  found  between  some  place  in  the  neighbourhood 
and  another  more  distant.  Moreover,  it  is  often  difficult,  from  the  arrange- 
ment of  the  matter,  to  know  the  precise  point  the  account  refers  to,  without 
reading  back.  If,  on  the  contrary,  the  reader  s  eye  catches  the  symbol  t, 
or  this  symbol  so  modified  as  to  express  with  clearness  *'  no  anchorage,"  or 
"good  anchorage,"  or  "bad  anchorage,"  or  "anchorage  at  times  only,"  or 
"  confined  to  a  small  space,"  his  work  is  done  at  once ;  he  seizes  in  an 
instant  the  information  that  is  given,  and  his  mind  is  altogether  unembar- 
rassed by  circumstances  of  narration,  or  the  consideration  of  suppositions, 
inferences,  and  conditions,  which  often  tend  to  obscure  language  in  full 
developement. 

There  are  numerous  other  matters  which,  on  like  grounds,  demand  eott«> 
spicuous  indication  ;  such  as  the  dimensions  of  islands  and  shoals ;  the  leading 
particulars  of  dangers ;  the  character  and  appearance  of  land,  for  the  pur- 
pose of  distinguishing  one  point  from  another ;  the  class  of  vessels  to  which 
a  harbour  is  adapted ;  channels ;  landing-places ;  as  also  notice  of  water, 
refreshments,  and  fuel,  &c. 

But  besides  the  mere  notice  or  indication,  it  is  often  no  less  necessary  tc 
denote  quality ^  or  character,  as  good  or  bad ;  thus  the  seaman  should  know 
whether  the  inhabitants  of  a  place  he  may  visit  are  likely  to  assist  his  wants 
or  to  massacre  his  crew;  that  is,  whether  the  character  of  the  people  is 
friendly  or  hostile. 

The  consideration  of  quantity  has  a  powerful  influence  on  the  indications 
of  language.  One  place  has  some  trees  upon  it ;  another  is  well  wooded ; 
another  densely  wooded.  It  is  entirely  by  increase  of  quantity  that  we  pass 
from  trees  to  woody  and  from  vx)od  io  forest*  In  like  manner,  it  is  no  less 
tbe  abundance  than  the  superior  quality  of  the  water,  refreshments,  &c.  that 
determine  the  selection  of  the  place  at  which  to  obtain  supplies. 

The  following  cases  exemplify  the  great  conciseness  of  expression  and 
elcamess  of  symbols  which  may  be  considered  as  appropriate. 

ffi'j  A  harbour  for  smaOer  rised  vessels  (i.  0.  of  idiich  the  depth  is  not  always  10  mach  as 
3  fethoms)  having  18  feet  water  at  high  water,  and  6  feet  at  low  water,  spring  tides 

The  symbols  represent  twenty  words,  in  the  space  of  two  or  three  letters, 
besides  indicating  the  rise  of  the  tide,  which  ib  found  by  subtracting  the 
tower  depth  from  the  upper. 
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n^^  A  harbour  (as  abo?e),  having  18  feet  at  high  water,  and  dry  at  low  water,  Bpnng  tides. 
These  symbols  represent  eighteen  words. 

w'  Water,  in  abundance,  and  of  good  quality. 

•J^4m.  Lying  North -north-east  and  South- south- wast,  and  extending  4  miles. 

The  last  symbols  represent  twelve  words ;  and  the  compass  symbol 
exhibits  to  the  eye,  without  reference  to  the  names  of  the  points,  tlie  two 
opposite  quarters  of  the  compass  in  which  the  line  of  direction  is  contained. 

The  reader  must  be  distinctly  informed  that  the  symbols  do  not,  in  any 
way,  interfere  with  the  usual  purposes  of  this  Table,  and  therefore  he  may, 
if  he  please,  disregard  them  altogether.  He  will,  however,  never  do  wrong 
in  taking  any  known  sign  in  its  usual  sense,  as  those  symbols  and  abbre- 
viations which  have  come  into  general  use  are  here  adopted  as  the  ground* 
w^ork  of  the  system.  The  seaman  who  may  find  some  little  difficulty  in 
learning  to  read  these  signs  at  first,  may  wish  that  the  information  they 
contain  was  printed  at  greater  length.  But  there  is  no  raom  for  this,  as  the 
Tables  are  already  too  bulky  ;  anl  it  is  only  thi-ough  the  remarkable  con- 
densation afforded  by  tlie  symbols  that  such  information  can  be  given  at  alL 
But  when  he  has  once  taken  the  trouble  to  learn  the  system,  which  he  will 
find  very  easy,  he  will,  on  the  contrary,  be  induced  to  prefer  the  short  and 
concise,  positive,  and  unmistakable  symbol,  to  the  tedious,  indiscriminative^ 
and  not  seldom  obscure  process  of  language  written  at  length. 

There  is  no  doubt  that  proper  symbols  would  be  of  great  advantage  to 
seamen  in  consulting  books  and  tables  relating  to  Maritime  Geography,  and. 
also  Charts  ;  and  we  shall  now  enter  on  the  system  of  which  the  first  steps 
occurred  to  me  while  preparing  the  second  edition  of  this  work  in  1841. 

[1.]  General  BuUt/or  the  Employment  tfftke  Symbole, 

1.  An  abbreviation,  or  an  appropriate  symbol,  is  assigned  to  each  point 
of  information  ;  as  It.  light ;  t  anchorage ;  w  water.* 

2.  A  zero,  or  cipher,  below,  and  to  the  right,  denotes  no,  or  none;  as  %  sio 
water,  ^o  no  anchorage. 

Note. — ^This  zero  is  of  as  much  consequence  as  the  symbol  itself,  and  is  the  only 
necondary  or  subordinate  sign  that  is  so.  It  may,  at  first  sight,  sesm  awkward  to  write 
ibe  symbol,  and  then  to  destroy  it,  as  it  were,  by  die  zero ;  but  it  is  the  necessary  process 
of  thought :  when  we  wish  to  say  "  no  water,"  we  necessarily  direct  the  mind  to  water  as 
the  subject,  and  then  add  that  there  is  none  of  it.  To  leave  out  the  symbol  altogether  would 
not  express  the  privation  of  the  thing,  but  merely  that  we  had  nothing  to  say  upon  it. 

3.  A  symbol  inverted  has  its  meaning  reversed :  thus  the  boathook,  I 
landing^  inverted,  as  f,  would  denote  embarking. 

4.  A  hoUow  letter  implies  temporary  or  occasional,  in  opposition  to  the 
solid  letter  implying  permanent ;  thus  F  (after  It.)  denotes  a  permanent  fixed 
It. ;  F  an  occasioTial  fixed  It. 

6.  The  symbol  repeated  denotes  the  same  thing  at  different  places^  or 
not  everywhere ;  as  ^  anchorages,  in  certain  places. 

6.  A  symbol  followed  by  the  same  with  the  zero  sign  denotes  at  times ; 
as  w\ig  water  at  times  (literally,  water  and  no  water). 

jVo/e.— This  is,  in  general,  equivalent  to  the  hollow  letter  above ;  but  all  symbols  cannot 
conveniently  be  printed  in  the  hollow  form. 

*  In  employing  these  signs  it  is  essential  that  capitals  and  small  letters  should  not 
be  confounded. 


\ 


I 


JDCFLA.NATION  OF  THE  TABLES.  385 


[2.]  Component  Sigm 

These  are  used  only  in  combination  with  others. 

1.  The  line  —  denotes  the  surf  ace  of  the  sea ;  everything  above  this  is, 
accordingly,  conceived  as  above  the  level  of  the  sea,  and  below  it,  below  that 
level :  as  zL  a  rk.  always  above  the  surface ;  x£,  a  rk.  always  below  the  surfacr., 
t.  e.y  sunken. 

A  symbol  between  two  such  lines,  that  is,  between  two  levels^  denotes 
awashyss  £  Such  is,  for  example,  the  Vrach,  off  Aldemey,  which  shews 
only  at  low  spring-tides. 

2.  A  line  thus  |  denotes  vertical. 

3.  The  cross  +,  with  a  number  denoting  the  point  in  the  proper  quarter, 
coDstitates  the  Compass  Symbol,  thus  -f-  denotes  ENE. 

The  cross  with  the  N.  pt.  turned  a  little  to  the  right  would  denote  mag- 
netic, as  affected  by  Easterly  Variation  ;  turned  to  the  left,  as  affected  by 
Westerly  Variation. 

4.  A  square,  or  oblong,  implies  enclosurey  whether  partial  or  total;  asBQ, 
in  anchorage  enclosed,  represents  harbour, 

5.  Brackets  [  ]  imply  unthin  limits;  as  [$]  anchorage  confined  to  a 
narrow  or  limited  space ;  [2]  a  shoal  patch,  with  2fms.  on  it,  that  is,  2fms. 
confined  to  a  small  space ;  [Jf]  trees  confined  to  a  small  space,  a  clump. 

When  a  letter  denoting  dimension  (as  e,  f,  m),  with  or  without  a  number, 
and  inserted  in  brackets,  follows  the  word  Id.,  or  a  term  describing  a  danger, 
it  indicates  extent;  thus  [Im]^  '^  within  the  limits  of  1  mile,"  that  is,  extending 
1  mile,  [c]  A  cable's  length,  or  so,  in  extent.  [Sc]  Three  cables  in 
extent 

[3.]  SmUidimy  Signs, 

These  are  the  dots  under,  the  apostrophes  over,  and  the  accents  or  letters 
to  the  right  of,  the  symbol. 

Note.— 'The  sabordmate  signs  follow,  and  never  precede,  the  symbol. 

They  denote,  Ist,  Quantity ;  and  2d,  Variety. 

I.  The  guantity'Signs  are  the  dots  and  apostrophes. 

(1.)  The  eht  (below)  denoieB plenty,  abundance;  as  w  plenty  of  water. 
The  dot  has  this  acceptation  in  the  weather-symbols,  p.  134.  Two  dote 
denote  a  greater  abundance,  and  three  dots  express  the  highest  degree  for 
which  language  has  a  term  :  thus  t  a  tree  or  trees ;  one  dot  would  denote 
many  trees ;  t  wood  (well  wooded),  and  three  dots  would  denote  forest,  or 
densely  covered. 

(2.)  The  apostrophe  (above)  implies  scarcity  ;  as  imt  water  not  plentiful. 

This  sign  is  adopted  from  its  use  in  contractions,  as  in  such  words  as 
can't;  iRrhence  it  becomes  associated  with  the  idea  of  diminution.  It  is 
placed  above  in  order  still  further  to  contrast  with  the  plenty-sign  or  dot, 
and  to  prevent  the  possibility  of  confounding  one  with  the  other,  even  in  the 
case  of  almost  total  obliteration.  Two  apostrophes  would  denote  great 
scarcity,  and  three,  the  almost  entire  absence  of  the  thing  indicated. 

II.  The  variety'signs  are  the  letters,  accents,  or  any  other  symbols  as 
convenient,  to  the  right  of  the  symbol,  and  above  or  below  it. 

(I.)  The  nEiost  general  of  these  is  the  accent,  which  denotes  some 
viriety  of  the   thing  symbolised:    thus  N,  S,  E,  W,  denoting  the  tme 
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points  of  the  compass,  N',  S',  £',  W\  denote  the  magnetic  points  of  the 
compass.* 

(2.)  In  things  having  quality,  that  is,  which  may  be  good  or  bad,  the 
accent  is  placed  above  to  denote  superior^  or  good  quality,  as  opposed  to  •!»• 
ferior  or  had  quality,  denoted  by  the  accent  below  ;  as  w'  good  water,  w^  bad 
ditto ;  V  good  anchorage,  ^^  bad  ditto 

Two  accents  would  denote  the  next,  and  three  the  highest,  degree  for 
which  language  has  a  term;  as  w"  water  very  good,  w"'  ditto  excellent; 
*^^  anchorage  very  bad,  t^^^  the  worst  possible,  or  where  a  ship  should  anchor 
only  in  great  distress. 

(3.)  The  letters  used  for  these  secondary  distinctions  must  obviously 
take  their  signification  from  the  thing  symbolised,  and  likewise  their  position 
above  or  below ;  as  w*  river  water,  good ;  or  w,  do.  bad.  P»  people  run 
(from  ships),  who  are,  generally,  the  worst  characters. 

As  the  subsidiary  signs  are  independent  of  each  other,  any  number  of 
them  may  be  employed  at  convenience ;  as  it'  water  scarce,  but  good ;  ^,  water 
scarce  and  bad ;  w„  water  by  digging,  in  plenty,  but  very  bad. 

The  notation  is  thus  comprised  in  a  primary  or  class  tymbol^  a  qtunUUjf- 
siffUy  and  a  variety-sign. 

The  vacant  spaces  following  the  names  of  places  being,  by  this  plan, 
turned  to  account,  much  important  information  is  inserted  without  increasing 
the  size  of  the  volumcf  It  is  also  proper  to  observe  that,  as  the  sigos 
represent  ideas  or  things,  and  not  words  (with  a  few  exceptions)  the  system 
is  independent  of  any  particular  language. 

The  abbreviations  and  symbols  used  in  the  Table  are,  for  reference, 
alphabetically  arranged  in  the  followmg 


Gbnbral  Vibw. 


t  (Anchor)  Anchorage  for  large  veaada. 

t^  good  do.  t,  bad  do.  %  no  do. 
iL  do.  for  smaller  veaada. 

X'  good  do.  X,  bad  do. 


n  Harboor  for  large  yeasela,    or   haviqg 

alwaya  3  fotboms  water. 
O  Harbour  for  amaller  veaadSy  or  having  at 

timea  leaa  than  3  fothoma. 


*  A  special  notation  for  thia  porpoae  ia  much  required.  In  Pnrdy'a  ''Sailing  Dkeo- 
toriea/'  both  the  magnetic  and  the  true  bearing  are  given  in  order,  aa  "  tiie  beanng  and 
diatanoe  of  the  Capea  Teulada  and  Malfktan  are  E.  f  S.  [JS.  f  NJ]  8  milea." 

Here  E.  f  N,  refers  to  the  true  compaaa ;  bnt  thia  can  only  be  known  bj  referring  to 
the  notice  at  the  beginning  of  the  book,  unleaa  the  reader  ia  aware  that  the  variation  at 
the  place  ia  weaterly.  T&  italic  lettera  are  already  required  for  those  paaaagea,  in  wfaioh* 
teom  the  importance  of  the  remark,  the  whole  aentenoe  ia  italiciaed ;  but  die  notation  E' }  S^ 
preaenta  every  advantage  which  a  notation  ahould  poaaeaa :  it  ia  perapicuoua.  unequivccal, 
coniaae  in  the  extreme,  and  elegant. 

We  must  be  carefol  to  accent  all  the  lettera :  thua  N'  B',  not  N  B* ;  for  thia  hat  com- 
bining true  N.    and  magnetic  £.,  preaenta  no  idea  which  occurs  in  practice. 

A  aecond  accent  denotes,  further,  local  deviation,  as  N"E",  which  ahews,  at  once,  that 
there  are  two  correctiona  necessary  to  reduce  it  to  true  NE.  Thia  notation  would  remove 
much  of  the  difioidty  which  often  ariaea  in  endeavouring  to  combine  bearings  taken  under 
different  circnmatanoea. 

Thia  notation  need  not,  firom  the  nature  of  the  case,  appear  in  ahipa'  logs. 

t  ft  is  no  part  of  our  design  to  enter  all  information  which  can  be  conv^ed  in  aymbola. 
A  few  leading  pointa  have  been  inserted  where  it  seemed  advisable ;  the  reader  must  refer  for 
other  details  to  the  Sailing  Directions,  or  to  voyages.  The  symbols,  however,  will  answer 
the  further  purpoae  of  affording  the  means  of  making  extracts,  or  of  taking  notes,  of  certain 
particulara,  in  a  very  small  space,  and  in  a  very  short  time*  ^ 
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The  depth  at  H.W.  and  L.W.  springs  is 
denoted  by  the  figures  snneied  above 
and  below. 

Ex.  ia3g,20ft8tH.W.  andl2ft.  at  low. 

Ex.  2.  tu^f,  16ft.  at  H.W.  and  dry  at 
low  water.  When  the  depth  at  high 
water,  of  a  harbour  which  dries  at  low 
water,  is  not  known,  it  is  expressed 
(for  the  present)  by  the  letter  n,  im- 
plying  some  nnmber  not  given ;  ex. 

Stonehaven,  QC. 

Note.— In  cases  in  whidi  these  details 
are  not  wdl  known  vacancies  are  left, 
which  will  be  filled  up  on  a  ftiture 
occasion. 

iBalL 

f  \\  Time  ball  dropped  at  1  p.m. 
bk.Baiik. 

B.  Bay. 
bU.  BeU. 
U.  Une. 

m.  black.     . 

^  Birds.    As  birds  frequ^t  some  places  in 

preference  to  others,  they  may  afford 

a  means  of  identification. 
[  (Boathook).— See  Landing. 

fBold  to. — See  Component  Signs,  1,  2. 
]  Brackets.— See  Component  Signs,  5. 
$  Break,  or  breakers. 

/30O  do.  ai  timei, 
•  Bnuhwood  (a  tree  withovt  a  trunk), 
b  Bom  {orJM). 

IQ  (fuel  enclosed),  a  coal  dep6t;  coaling 
station  for  steam-vessels. 
On  some  of  the  shores  of  the  Fblar  Sea, 
and  elsewhere,  b  denotes  dr\ft'Wood, 
In  some  places  pett,  as  at  New  I. 
FaUdands.  Where  trees  or  brush- 
wood occur,  the  symbol  b  is  omitted, 
as,  though  many  woods  do  not  bnm 
when  green,  fuel  may  be  picked  up 
in  such  ]rfaces. 

C.  Cape. 

Cath.  Cathedral. 

e  Cable's  length. 

1  (Note  of  i^miration,  surprise),  denetes 
Caution,  or  calls  attention,  asCmnrent ! 

U  Channel,  or  passage,^ja8eages. 

jll  Several  channels ;  l[  S5,  chan.  with  35ftns. ; 
Ho  no  diannd. 
At  a  river  the  symbol  rdates  to  the 
entrance. 

Cliap.  Chapel. 

CTi.  Church. 

IS  Coal  depdt. 

f  Cocoa-nut  tree,  or  trees ;  [f  ]  a  clump  of 
oocoa-nnt  trees;  2  [T]  two  dnmps 
do.,  and  so  on. 

Compass  symbol. — See  Compon.  Signs,  3. 

cii  coraL 

)  Danger,  dangerous ;  D  dangerous  in  dif- 
ferent places. 
^o  (no  danger)  safe. 

d  Days. 

Depth  of  water,  denoted  by  the  no.  under  the 
,  as  4  four  fins. ;  Tf,  3  feet. 


The  depth  is  that  at  low  water.  Tlie 
depth  relates  to  the  bar,  where  there 
is  one. 
Distance  is  expressed  in  leagues,  or  miles  i 
as  C.  Lookout,  rks.  11.,  implies 
rks.  1  league  from  the  Cape ;  )  2m., 
dangerous  2  miles  out;  ^^  im.,  no 
danger,  may  be  approached  within 
4  a  mile;  i^  |c.,  safe  at  i  a  cable 
distance ;  )  -{^  2  1.  a  danger  NE. 
2  leagues. 

Dk.  yd.  Dockyard. 

Dry,  or  above  water. — See  Comp.  Signs,  1. 

E  East    E'  magnetic  E. 

Entrance. — See  Channel. 

extr.  Extreme,  extremity. 

F  after  a  light,  denotes  that  the  flame  has  a 

fixed,  not  a  changing  appearance. — 

See  It. 
F  denotes  a  It.  (flame)  of  a  fixed  character, 

but  only  shewn  occasionally.  —See 

General  Rules,  No.  4,  p.  384. 
n.  after  a  It.  denotes  flashes.  —See  It. 
fl.  Flag, 
fl.  St.  Flag-staff. 
Hd.  Head. 
h  High, 
ho.  honse. 
hum.  hummock. 
I.  Island. 

The   compass-symbol   after  an   island 

shews  Uie  direction,  or  lay,  of  the 

longest  diameter,  and  is  followed  by 

the  length  of  this  diameter  in  leagues, 

miles,  or  cables. 
Ex.  1.  ^  3m  denotes  NNW.  and  SSE. 

(true),  and  extending  3  miles. 
Ex.  2.  EW  61  m.  denotes  lying  E.  and 

W.  (true),  extent  6}  miles. 

iVb^f.— These  bearings  are  all  TRUE. 

The  bearing,  though  given  to  2  points 
only,  is  near  enough  for  the  purposes 
required,  as  it  can  be  in  error  only 
one  pt    The  distance  is  noted  with 
more  or  less  precision,  aeooiding  to 
the  case,  and  is  not  always  to  be 
taken  as  an  exact  measure.    When 
the  extent  is  very  small,  the  bearing 
or  direction  is  omitted ;  as  Rockal, 
[2e.],  or  2  eables  in  extent. 
I  after  a  light,  denotes  intermitting.— See  It 
Is.  Islands.    The  compass-symbol  and  dis- 
tance following  shew  the  extent  and 
general  direction  of  the  group,  as  de- 
scribed aoove  in  Id. 
The  number  after  Is.  denotes  the  num- 
ber in  tiio  group,  as  Wallis  Is.  9. 
t  "^^r^Axng  (a  bottthook,  the  hook  to  the 
ground);  [^nolandinz;  |,L landing 

at  times ;  Y  good  ^^*  \  1/  ^""* 
1.  Leagues.  When  a  number  of  leagues  fol- 
lows next  to  the  name,  it  denotes  the 
number  of  leagues  the  place  is  visible 
— as  Tiger  I.  17 1.,  denotes  visible  17 
leagues.  When  the  1.  stands  next 
after  a  compass  indication,  it  implies 
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of  course  a  distance  measured  in  the 
given  direction ;  as  Is.  ^  51.,  islands 
NW  5  leagues. 

1  low. 

It.  light.  (1.)  The  capital  letter  next  after 
the  light  denotes  the  character  qfthe 
Jiame,  as  F  fixed,  I  intermittent,  R 
rerolving,  Fl.  flashing  or  varied  by 
occasional  flashes,  or  rapid  change  in 
the  intensity. 

The  small  letter  to  the  right,  and  above, 
this  capital,  denotes  the  colour  of  the 
flame — as  F%  fixed  It.  red.  F?,  fixed 
It  ffreen.  R^S  revolving  white  and 
red  in  succession.  R*^  '*,  once  red^ 
and  twice  white  in  succession.  F^, 
fixed  red  and  white  (that  is,  as  seen 
firom  different  points).  When  the  It. 
is  of  a  feeble  description,  as  a  har- 
bour It.  the  colour  is  marked  below, 
as  Fr.    p  denotes  Purple. 

(2.)  The  number  of  minutes  or  seconds, 
after  a  It.  R,  I,  or  Fl.  denotes  some- 
times the  length  of  time  of  the  revo- 
lution itself,  or  at  others  that  of  the 
mere  appearance  of  the  It.*  as  R  !"■, 
revolving  in  1  min. 

(3.)  The  number  of  feet  (which  stands 
the  last  among  the  particulars  of  the 
light)  denotes  the  height  of  the  lan- 
tern or  flame  above  high  water. 
Where  this  is  not  known,  the  range 
in  miles  is  inserted. 

When  a  It.  stands  on  a  ttimmt/,  the 
abbreviation  sum.  is  inserted  ;  when, 
therefore,  sum.  does  not  appear,  the 
It  however  high,  is  usually,  not  on 
the  summit. 

2  Us.  (1.)  The  compass  indication  and  no. 

of  feet  next  after  2  Its.,  denote  their 
hearinff  and  diet,  asunder — the  spec- 
tator looking  at  them  from  the  sea, 
thus,  the  Lixard  Its.,  lying  N72''£ 
and  S72^W,  are  seen  in  one,  finom  a 
ship  to  the  westward,  or  towards  the 
ocean,  m  the  direction  N  72''£. 
Note.  —These  bearings  are  all  TRUE, 
and  they  are  intended  to  afibrd  a 
means  of  determining  the  state  of 
mtm  compass  when  the  ship  is  in  a 
line  with  the  2  Its.  in  one,  as  directed 
No.  254,  p.  77. 


(2.)  The  heighta  of  2  vertical  Its.  an 
sometimes  for  conciseness  expressed 
thus,  Ffff, 
(3.)  The  position  given  is  that  of  the 
highest  It.  which,  on  this  account,  is 
usually  placed  last.f 

It  V.  lieht-vessel. 

(1.)  The  name  in  commas,  as  **  Nore," 
are  those  painted  on  the  vessels'  sides. 
The  commas  imply  quotation,  as  usual. 
Note. — A  vessel  with  her  name  on  her 
aide  of  course  speaks  for  herself ;  the 
insertion  of  these  names  in  the  Table 
is  intended  to  meet  the  case  of  falliof 
in  with  a  It.  v.  whose  name  is  nat  so 
painted. 
(2.)  The  compass  indication  next  after 
the  name,  as  B-d,  8W-d,  &c,  de- 
notes the  side  of  the  danger  on  which 
the  vessel  lies,  and  shews  therefore 
the  direction  to  be  taken  to  avoid  it, 
by  a  ship  coming  suddenly  upon  the 
It.  V.  in  a  fog. 
(3.)  The  number  under  a  line  denotes 
the  d^th  qf  water  in  which  the  It.  v. 
is  moored. 

In  general  this  is  noted  to  the 
nearest  fathom. 
After  these  three  particulars  of  the  vessel 
herself,  follows  the  description  of  her 
It.  or  Its.  as  given  above,  and  then 
the  symbol  of  a  ball,  2  f,  or  3  f,  if 
she  carries  them ;  and  in  certain  cases 
the  abbreviation  bll.  for  bell,  and  the 
word  gong. 

Ex.  '*  Nore  "  It.  v.  E-d.,  i ,  F  33f.  f  gong. 
The  Nore  light  vessel,  having  her  name 
painted  on  her  eidee,  liee  to  the  East- 
ward qf  the  danger^  moored  in  3 
fathome,  ehewe  a  fixed  It.  33  ft.  Mgh, 
earriee  a  ball  and  a  gong. 

m.  miles. 

After  a  shoal  or  danger,  denotes  the  dis- 
tance; aarf.  3m.,a  reef  3  mites  dithintt 

mid.  middle. 

Mk,  or  mk.  mark. 

mo.  mouth. 

Mt.  mount. 

N  North.    N'  magnetic  N. 

f  Palm-tree. 

(  )  Parenthesis,  contains  extra  or  additional 
information. — See  p.  377. 


*  Most  commonly  it  implies  the  time  between  one  appearance  and  the  next,  wheOnet  the 
whole  revolution  has  been  completed  or  not.     See  remarks  on  lights,  p.  389. 

t  These  details,  though  taken  firom  authority,  are  sometimes  far  fit>m  satisfactory.  It  is 
not  always  certain  wheUier  the  height  has  been  measured  from  high  water ;  the  relative 
bearings  of  two  lights  are  published  to  quarter  points  only ;  we  do  not  know  when  they  were 
observed,  nor  whether  any  pains  were  tucen  to  guard  against  local  magnetism ;  and  plans  are 
not  always  to  be  had.  Again,  the  accounts  do  not  dways,  in  this  country,  or  in  others, 
agree  with  the  plans.  Many  errors,  therefore,  no  doubt,  exist  in  this  Table,  of  which  notice 
will  be  given,  as  usual,  in  the  Nautical  Magazine,  on  their  discovery. 

I  need  make  no  further  apology  for  the  incomplete  and  unequal  state  of  the  details  of  tliia 
Table  than  to  remark  that  many  of  them  have  been  attended  vrith  very  great  trouble,  and  that 
if  the  volume  had  been  delayed  until  each  point  had  received  its  fall  attention,  and  been  carried 
through  the  entire  system,  it  is  difficult  to  sav  when  it  would  have  appeared. 
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Ptaaage. — See  Channel. 
Fitch.— See  Compon.  Signs,  5. 
Penins.  Peuinsula. 
F  People — or  peopled. 
Z  Unmhabited. 

V  People  of  favourable  character. 
P, — of  unfaTonrable  do. 
k.  Peak. 

Point,  being  part  of  a  name,  aa  Hart- 
land  Ft. 
pt.  point 

R  River.    After  a  It.  denotes  revoMng. 
r  red. 
if.  Reef. 

rf,  if.  always  dry;  ?,  rf.  always  oo- 
Tercd  ;  S,  rf.  awash, 
r  Refipeshments,   that  is,  vegetables,  firoit, 
and  meat. 
As  fish  is  often  procurable  where  there 
are  neither  vegetation  nor  inhabit- 
ants, itjs  expressed  by  the  separate 
symbol  r,  denoting  r  under  the  water. 
^  Rising  gradually.      •s.    Rising  in  the 
middle,  as  I.  Fuerte. 

\k.  Rock.       • 

iJLt  dry  ;  rk,  sunken ;  S,  awash. 
The  number  under  a  line,  as  a  ,  denotes 
tiie  depth  in  fins,  over  a  sunken  rk. 
rks.  Rocks;   a  compass  indication,  with  a 
number  of  miles  or  cables,  denotes 
the  extent,  as  described  under  Island. 
:ky.  rocky. 

S  South.    S'  magnetic  S. 
M..^^  Saddle-shaped,  as  Huafo  I.,  a  valley. — 

See  Sloping,  Rising. 
wL  Sand,  or  sandy. 

This  quality  is  noticed  occasionally,  as 
sand  often  affords  water,  it  is  uski  in 


shl. 


cleaning,  and  turtles  iay  their  eggs  in 
sand. 
Shoal.     A  compass  indication  with  m, 
or  c,  denotes  the  extent. — See  Island. 
The  number  under  a  line,  standing  next 
after  shl.  denotes  the  depth  of  water 
over  the  shoal,  as  Ridge  7 . 
Shoal  patch. — See  Compon.  Signs,  No.  5. 
Sloping  downwards,  as  Goose  Cape. 
Sloping  down  to  a  bluff. 
7"  Sloping  bottom,  or  change  of  soundings 
gradual,    may  be    approached  with 
safety  by  attention  to  the  lead. 
Sig.  St.  Signal  staff,  or  station. 
JL  Steep,  or  precipitous  (not  absolutely  Terti- 
ail).-~See  Component  Signs,  1,  2. 
Note. — ^Thisis  quite  independent  ofhigh, 
A  headland  may  be  low  yet  predpitons. 
Steep  to. 
t.  Saint. 
Sta.  Santa. 
Tel.  Telegraph. 

1^  Tree,  trees  ;  [1^]  a  clump  of  trees ;  2  [If] 
two  clumps ;  3  [1^]  three  dumps. 
^  well  wooded. 
♦  (A  tree  without  a  trunk),  brushwood. 
Vert.  Vertical. 

W  West.     W  magnetic  West, 
w  Water  (for  drinldng). 
w'  good  do.,  w,  bad  do. 
*%  no  water,  wn^  water  at  times. 
w  do.  (under  the  surface^  to  be  got  by  digging. 
Tlie  bearing  and  dist.  following  the  w 
point  out  the  place  with  reference  to 
the  position  given,  as  Koron  w'  N.  2m. 
denotes   good  water  North  2m.  of 
Koron. 
w,  wh,  white. 


i 


The  following  examples  exhibit  the  method :  — 

Ex.  I.  Ishnd,  #  7m.,  A,  t^*  lloEf  **  SW  8 ,  ^  r^,  P,.  An  island  fyinff  NE  and  SW, 
extending  7  miles ;  kigh ;  no  treet :  no  pottage  to  the  eaatward ;  a  good  anc^if^ge  on  the 
SWtide  in  %faihom9 ;  where  water f  scarce ,  but  goodj  is  to  be  found,  but  no  other  rtfreeh* 
ments ;  the  people  of  bad  character. 

Ex.  2.  Paddeway  Bay,  S  [5m.]  10,  r,  ^f^.  A  harbour  for  large  vessels,  extending  5 
miles,  having  10  fathoms  water ;  r^reihments  to  be  had  ;  no  dangers. 

Ex.  3.  Shoal,  %  4m.,  rk.  at  NW  end,  /*-^„,  j,  l^.  A  shoal,  lying  WNWand  ESB 
entiles ;  a  rock  always  above  water  at  the  NW  end,  the  occasional  resort  of  birds,  bold 
tOp  and  no  landing  on  it. 

Ex.  4.  N.  Watcher,  small,  t,  (Omega  Shis.  E'bS'  ij^m.,  %,  j)*  N.  Watch,  &c.,  thd 
Oxnegashls.  lie  EbS  magnetic,  i^m.,  are  dangerous,  and  steep  to. 

Ex.  5.  Guase  or  Kenn  I.,  ^  8m.  /,  ^,  7*,  r,  w,  P,.  Low,  covered  with  trees,  or  wooded, 
loondings  gradual,  refreshments,  water  to  be  obtained  by  digging,  people  of  bad  character. 

3.  Lights. 

The  lights  shewn  in  lighthouses  are  divided  into  two  principal  classes^ 
Fixed  and  Variable.  The  fixed  light  maintains  the  same  appearance ;  the 
variable  lights  change,  some  alternating  by  slow  degrees  between  bright  and 
dim,  some  flashing  more  or  less  suddenly,  and  others  intermitting  altogether. 
Colour  is  also  employed  partially  as  a  means  of  distinction.  Variable  lighU 
are  distinguished  from  each  other  also  by  the  different  intervals  of  time  in 
vhich  the  changes  succeed  each  other.* 

*  Seamen  are  generally  content  with  the  mere  fact  of  revolution  or  intermission,  snd  do 
not  trouble  themselves  to  meisure  the  interval.     This,  therefore,  is  an  occasion  on  which  it 
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It  is  to  be  borne  in  mind  that  everj  light  which  varies  its  lustre  if 
liable,  when  seen  from  a  distance,  to  become  altogether  invisible  daring  the 
period  of  lesser  brilliancy ;  that  is,  a  revolving  light  mav  seem  to  intermit 
Also,  elevated  lights  are  often  entirely  obscured  by  clouas. 

As  objects  painted  white  frequently  disappear  in  fog,  while  objects  of  a 
red  colour  remain  visible,  buildings  serving  for  marks  are  often  painted 
with  red  and  white  stripes,  or  bands. 

The  lighthouse,  or  building,  being  useful  as  a  guide  by  day,  many 
lighthouses  are  accordingly  painted  in  order  to  answer  this  second 
purpose. 

The  introduction  of  terms  relating  solely  to  machinery,  and  having 
no  specific  relation  to  the  appearance  of  the  light,  with  which  alone 
the  seaman  is  concerned,  has,  however,  been  allowed  to  destroy  the 
practical  character  of  the  descriptions,  and  has  led  to  deplorable  confusion. 
The  Kullen  light,  for  example,  is  described  as  ^*  revolving  in  8  minutes,'* 
&c.  I?ow,  surely,  it  is  not  intended  that  a  seaman,  on  the  sudden  clear- 
ing up  of  a  fog  on  a  dangerous  coast  at  night,  is  to  devote  eight  minuter 
to  making  out  a  light !  But  the  fact  is,  this  light  exhibits  changes 
of  appearance  in  shorter  intervals  ;  and#it  is  these  <;hanges  which  will 
arrest  the  Heaman's  attention  as  soon  as  the  light  catches  his  eye.  Since, 
therefore,  it  is  the  shortest  of  the  observed  intervals  which  is  of  most 
consequence  in  a  case  in  which  no  time  is  to  be  lost,  I  have  marked 
this  light  as  R  i%  omitting  all  allusion  to  '*  8"," — a  period  which  is  not 
only  much  too  long  for  service,  but  which,  according  to  the  description, 
actually  appears  to  have  nothing  to  mark  it  but  the  recurrence  of  the  same 
phases. 

The  necessity  for  increasing  the  number  of  lights  has  rendered  it  very 
difficult  to  find  means  of  distinction,*  and  this  evil  has  been  aggravated  by 
the  carelessness  or  pedantry  of  the  descriptions,  which  are  sometimes  such  that 
it  is  scarcely  possible  to  make  out  what  they  mean.  Indeed,  instead  of  bear- 
ing carefully  in  mind  that  the  increasing  niceties  of  distinction  in  the  lights 
themselves  demand,  with  greater  urgency  than  ever,  all  possible  clearness 
and  simplicity  of  language,  the  compilers  of  these  documents  indulge  a 
laxity  of  expression  and  a  confusion  of  terms  which  would  be  reprehensible 
anywhere,  but  is  altogether  without  excuse  in  the  account  of  a  light.  For, 
as  the  object  of   a  coast  light  is  not  merely  purposes  of  a  local  nature, 


is  very  uiefal  to  be  able  to  oount  seconds,  for  all  persons  do  not  carry  seconds  watches,  and 
it  is  not  always  possible  for  the  same  person  to  hold  the  watch  to  a  lamp  and  to  see  the  light 
at  the  same  instant. 

*  It  is  not  unlikely  that  a  light  may  be  found  sufficiently  powerful,  by  the  addition  of  a 
proper  reflector,  to  illuminate  the  clouds,  and,  in  a  fainter  degree,  the  atmosphere  itself,  over 
a  lighthouse.  The  pale  light  in  which  a  distant  town  appears  enveloped  at  night;  the 
distinctness  of  the  forms  of  the  clouds  over  a  large  city,  iUuminated  by  its  ordinary  lamps; 
and  the  vivid  glare  diffused  over  the  heavens  by  a  fire;  shew  that  the  atmosphere 
renders*  the  reflected  light  visible  at  a  considerable  distance.  It  is  merely  a  question 
of  intensity.  If  a  sunbeam  were  admitted  through  a  hole  in  the  earth  in  a  dark  night, 
it  would  appear  in  the  atmosphere  as  a  column  of  astonishing  splendour.  As  the  l^ht 
suggested  would  have  a  conical  or  shaft-like  appearance,  and  would  exhibit  no  flame,  its 
proper  designation  would  be  a  sKqft-lighi,  The  shaft  might,  by  the  disposition  of  the 
reflector,  be  vertical,  or  inclined  seawards  or  landwards,  or  be  kept  in  motion,  and  the 
efitBCt  would  be  a  great  relief  to  the  already  exhausted  resources  for  Tarying  the  appearanos 
of  lights. 
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but  ibo  to  remove,  to  vessels  in  the  offing,  the  feeling  of  uncertainty  as  to 

tbeir  position,  which  is  aggravated  by  the  gloom  and  obscurity  of  the  night, 

DO  care  can  be  too  great,  no  endeavour  too  strenuous,  to  establish  the  simplest 

lud  most  unmistakeable  means  of  identification,  and  to  avoid,  or  even  to 

conceal,  all  allusion  to  extraneous  matters,  which,  if  they  do  not  altogether 

mislead,  must  tend,  by  increasing  the  multiplicity  of  details,  to  perplex. 

And  certainly  if  there  is  any  kind  of  composition  that  should  exact  the 

severest  attention  to  perspicuity,  whether  on  account  of  the  risk  of  life  and 

the  valuable  interests  involved,  or  of  the  slender  attainments  of  the  class  of 

persons  for  whose  use  these  documents  are  supposed  to  be  written,  it  is  the 

description  of  lights  on  a  coast. 

We  shall  now  give  some  examples  in  which  these  obvious  and  indis- 
pensable considerations  have  been  utterly  disregarded. 

The  description  of  the  Start  Light  (Orkneys)  runs  thus :  — 

"  The  li^t,  briUkmi  and  /ised,  is  visible  from  every  point  of  the  compass.  *  *  * 
Hie  reflectors  are  made  to  revolve  once  in  every  two  minutes,  exhibiting  light  one  minute 
and  disappearing  the  next ;  *  i^  the  light  increases  from  darkness  to  ftdl  strength  during 
one  minute,  and  during  the  next  declines  in  strength  to  total  darkness." — (SaiL  Directions 
fer  the  N.  Sea,  i&fS,  p.  129.) 

This  light  is  called ySzcef,  but  the  account  describes,  in  a  clear  and  simple 
manner,  a  light  of  that  appearance  to  which  the  term  revolving  is  now  almost 
universally  applied ;  and  this  utter  contradiction  of  terms  is  quietly  allowed 
to  exist,  though  it  is  known  that  the  mbtake  of  one  light  for  another  is  fatal. 

The  following  description,  from  "  authority,"  of  the  new  light,  or  Faro, 
at  Coruiia,  after  stating  **that  a  new  cata- dioptric  revolving  apparatus  of  the 
third  order,"  is  to  replace  the  former  light,  goes  on, — 

"  Tbe  light  is  fixed,  varied  by  lustres ;"  the  fixed  light  risible  12,  and  the  lustres  ao 
aulet.  *«  Within  the  la  miles  the  Faro  will  exhibit  the  following  aspects :  —The  fixed  light 
Unt  for  107  seconds,  eclipse  for  39  seconds,  lustre  1 3  seconds,  edipae  30  seconds ;  the  fixed 
fight  fidnt  again  returning.  Beyond  12  miles  the  lustre  will  be  seen  only  for  the  space  of 
tome  7  leoonds  duration,  a  complete  eclipse  following  for  3  minutes,  the  period  in  which  the 
nvolatioa  is  effected,  when  the  lustre  will  again  appear  as  before,"  &c 

We  do  not  dwell  on  the  inconvenience,  not  to  say  frequent  impractica- 
bility, to  a  seanjan,  of  verifying,  i^atch  in  hand,  all  these  intervals^of  1 07, 
39,  id,  and  30  seconds,  respectively,  because  we  take  it  for  granted  that  the 
application  of  these  teasing  details  to  actual  service  never  entered  the  head 
of  any  person  or  persons ;  nor,  as  the  document  is  a  mere  translation,  shall 
we  be  hard  upon  such  phrases  as  *'  a  space  of  so  much  duration,**  to  which 
most  readers  would  prefer  a  more  tangible  equivalent  Had,  however,  this 
collision  of  the  terms,  "  fixed,"  "  varied,"  "  eclipse,"  and  ^^  fixed  light  faint 
again  returning,**  been  instituted  for  the  express  purpose  of  mystifying 
or  caricaturing  the  whole  lighthouse  vocabulary,  it  could  scarcely  have 
been  more  successful. 

But  when,  on  reading  this  account  of  a  '^  fixed  light,"  we  learn,  at  the 
conclusion,  that  beyond  a  certain  distance  It  disappears  in  total  eclipie  for  3 
minutes,  and  then  reappears  as  before,  we  confess  that  our  astonishment  at 
the  flexibility  of  language  in  the  hands  of  these  writers  knows  no  bounds. 

Bad  as  this  is,  a  worse  instance  remains  to  be  quoted.  The  following 
unparalleled  instance  of  mystification  in  lighthouse  pliraseology  will  shew  the 
manner  in  which  the  authorities  that  are  charged  with  the  administration  of 
our  lighthouses  acquit  themselves  of  their  task.  Let  the  reader,  as  he  labours 
through  the  following  description  of  the  light  at  Madras,  call  to  mind  some 
of  the  circumstances  under  which  it  may  be  necessary  to  identify  a  light 
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with  as  little  loss  of  time  as  possible,  the  kind  of  persons  addressedi  and  the 
conveniences  at  hand  on  board  ship  at  night,  in  bad  weather,  for  measuring 
ratios.* 

After  an  introduction,  we  read, — 

**  The  light  b  of  the  <  flashing  deacription/  and  Ihe  duration  of  the  flaahea  to  that  of  tha 
edipsea  or  dark  perioda  is  in  the  ratio  of  2  to  3 ;  bat  aa  the  natare  of  the  motion  ia  recipro* 
eating  instead  of  rotatory,  the  above  ratio  merely  ezpreases  the  aTerage  proportion  of  the 
light  and  dark  interrals,  which  are  themaelTea  variable,  according  to  the  position  of  the 
spectator.  The  rapidity  of  movement  is  so  adjnstea,  that  the  duration  of  the  flaabes  will 
▼ary  from  c  sec.  to  48  sec.,  and  that  of  the  edipaea  IVom  o  sec  to  72  sec.,  the  snms  of  the 
duration  of  light  and  darkness  bearing,  howerer,  in  erery  position,  the  constant  ratio  of 
%  to  3." 

This  singular  light,  then,  is  to  be  identified,  not,  as  heretofore,  by  the 
absolute  number  of  seconds  which  it  is  visible  or  invisible,  but  by  the  ratioi 
of  the  intervals  of  light  and  darkness.  The  position  of  a  ship  is  to  depend 
on  the  measure  of  a  ratio,  and  this  too  (as  far,  at  least,  as  my  humble  endea- 
vours have  succeeded  in  comprehending  the  learned  description)  is  a 
variable  one! 

I  would  call  the  reader's  attention  to  the  term  <*  reciprocating,"  and  then 
to  the  words,  "  but  as  the  nature,*'  &c ;  for,  either  the  rest  of  the  sentence 
is  a  non  seguUur,  or  the  reciprocation  in  question  has  the  wonderful  faculty 
of  exhibiting  **  average  proportions." 

Who  would  suppose  that  this  document  was  the  grave  and  authorised 
production  of  a  nation  distinguished  for  its  skill  and  business-like  dispositions 
in  maritime  affairs?  No  doubt  common  sense  will  in  due  time  effect  a 
reformation  in  these  matters;  in  the  meanwhile  it  is  lamentable  that  there 
is  not  some  authority  to  exercise  a  wholesome  control  over  such  blundering 
and  pedantic  compositions. 

If  it  is  really  necessary  to  accompany  accounts  of  lights  with  architec- 
tural and  constructive  details,  which  are,  properly,  questions  of  engineering, 
and  have  no  more  to  do  with  navigation  than  the  chemical  nature  of  the 
cement  of  the  stones,  or  the  specific  gravity  of  the  oil,  let  them  not,  for 
the  sake  of  general  utility,  be  suffered  to  set  aside  altogether,  as  they  do 
now,  the  working  or  nautical  description,  as  if  the  fact  were  entirely  over- 
looked, that  it  is  for  seamen  alone  that  light-houses  are  built. 

4.  Compass-nannes  of  Points  of  Land. 

Navigators  and  hydrographers  have  not  hitherto  adopted  any  constant 
rule  in  the  application  of  compass-names  to  the  projecting  angles  of  land. 
Thus,  Krusenstern  says,  (Mem.  Hydr.  ii.  p.  283),  '*  The  north  point  of 
Owbyhee,  which  Vancouver  calls  the  west  point,"  &c.  This  extreme  di- 
versity of  expression  establishes  the  necessity  of  a  systematic  employment  of 
such  terms. 

The  north  point  of  an  island  may  be  considered,  1.  as  that  point  which 
is  to  the  northward  of  the  middle  or  body  of  the  island ;  or,  2.  as  the  north- 
ernmost or  extreme  north  point.  In  a  circular  island  both  terms  agree,  but 
in  irregular  forms  they  are  ambiguous;  thus  Krusenstern  calls  the  S.  ex- 
treme of  Atooi,  '*  the  S.E.  pt,"  probably  from  its  position  S.£.*d  of  the 
body  of  the  island. 

It  will,  perhaps,  be  admitted,  that,  in  a  purely  practical  subject,  snch  a 

*  See  Naut.  Mag.,  1844.  p.  49  and  433. 
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mode  of  expression  should  be  selected  as  is  best  adapted  to  applieatunu 

provided  no  error  be  thereby  involved.     But,  in  this  question,  both  efficacy 

in  practice  and  precision  of  language  concur  in  directing  the  use  of  terms 

according  to  their  absolute  significations.     Thus,  if  we  call  a  southerly  point 

of  Atooi  the  '*  S.E.  pt.,"  we  leave  it  doubtful  whether  there  is  land  to  the 

southward  or  not ;  and,  therefore,  a  ship  could  not,  without  reference  to  the 

chart,  venture  to  run  ;  but  if  we  call  the  south  point  by  the  proper  term,  this 

doubt  is  not  suggested,  since  the  word  "  south  "  declares  that  no  other  part  of 

the  coast  projects  so  far  to  the  southward. 

Accordingly,  in  this  work,  the  compass-names  N.,  S.,  E.,  or  W.,  denote 
the  extreme  projecting  point  in  that  direction,  without  regard  to  the  figure  of 
the  rest  of  the  coast 

A  point  which  is  an  extreme  both  in  latitude  and  longitude,  as,  for  ex., 
the  S.E.  projecting  Cape  of  Samar  (Philippines)  we  call  what  it  is,  namely, 
the  South  and  East  extreme,  and  so  of  the  S.  and  W.,  N.  and  E.,  N.  and  W. 
points. 

[1.]  Amhtgwnu  Terma, 

Another  case  in  which  serious  ambiguity  may  arise  from  the  want  of 
critical  rules  in  such  matters,  and  which  may  with  propriety  be  noticed  here, 
occurs  in  such  phrases  as  *'the  Lizard  lights  in  one  clear  the  Manacles  to  the 
eastward."  This  is  intended  to  imply  that  the  ship  passes  to  the  eastward 
of  the  Tocks  ;  but,  by  omitting  all  mention  of  the  ship,  the  bearing  might  be 
supposed  to  relate  to  the  rocks,  as  would  be  the  case  if  another  verb  were 
put  for  "  cleared,"  as  "  saw  the  M.  to  the  eastward,"  in  which  cases  the 
ship  is  clearly  to  the  westward.  If  the  sentence  ran  '<  clear  the  ship  to  the 
eastward,*'  no  obscurity  could  exist,  yet  "  clear  the  M.  to  the  eastward,"  also 
puts  the  ship  to  the  eastward.  There  must  bo  something  vei:y  defective  in 
an  expression  which  keeps  the  same  meaning  when  reversed. 

It  would  be  well  to  adopt  the  rule  that  the  bearing  specified  should 
relate  to  the  thing  mentioned,  and  not  to  anything  else  absent  or  under- 
stood ;  thus,  in  the  above  phrase,  the  term  "  eastward  "  should  be  held  to  relate 
to  the  rocks,  and  not  to  the  ship,  just  as  in  **  clear  the  ship  to  the  eastward,*' 
it  relates  to  the  ship,  and  not  to  the  rocks. 

It  might  be  dangerous  to  force  a  reform  too  suddenly  in  technical  ex- 
pressions, however  vicious ;  but,  on  the  other  hand,  no  expression  can 
maintain  its  ground  when  proved  to  be  wrong.  In  the  meantime  it  will  be 
proper  to  use  a  fuller  form  of  phrase,  such  as  '<  clear  the  M.,  leaving  them 
to  the  westward.**  In  the  course  of  time, "  leaving  them  "  would  be  dropped, 
and  we  should  have  the  expression  in  its  correct  form,  the  bearing  relating 
to  the  thing  mentioned. 

Some  ambiguity  necessarily  attaches  to  the  word  *'pass,"  because  it  is 
both  active  and  neuter ;  thus,  "  passing  an  island  to  the  westward,"  does  not 
altogether  declare  whether  the  ship  passes  to  the  westward  or  leaves  the 
island  to  the  westward. 

It  is  often,  in  like  manner,  a  matter  of  doubt  whether  bearings  given  in 
the  description  of  a  light  relate  to  the  light  itself  or  to  the  spectator :  thus, 
'*  a  light  obscured  from  N.  to  E."  naay  mean  either  *<  invisible  from  the 
K.E.  quarter"  (that  is,  when  beating  S.W.-d),  or  '*  invisible  to  a  spectator 
in  the  S.W.  quarter"  (or  bearing  N.E.) 

This  ambiguity  is  removed  by  the  same  rule,  which  supposes  the  spec- 
tator always  in  the  centre  of  the  compass,  and,  therefore,  that  the  bearing 
specified  relates  to  the  point  mentioned.     The  above  phrase  should,  ther&' 
fore,  be  held  to  mean  the  light  invisible  when  bearing  between  N  and  E. 
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Table  11.  Approximate  Variation  of  thr  Cohpass. 

The  Table  contains  the  approximate  variation  for  latitudes  below  62°,  and 
In  a  few  cases  beyond  68°.  Those  in  the  Atlantic,  N.  and  S.,  are  tsiken 
from  charts  at  the  Hydrographical  Office,  recently  corrected  by  CoL  Sabine 
(at  whose  hands  we  expect  shortly  extensive  tables  of  the  variation  and  its 
changes),  and  in  other  places  chiefly  from  Gauss's  "  Curves,"  published  by 
Ermann.  As  the  variation  changes  rapidly  in  high  latitudes,  the  tables  may, 
no  doubt,  be  much  in  error  in  some  cases. 

This  Table,  besides  the  purposes  of  general  reference,  is  useful  at  sea 
when  the  ship  changes  the  variation  rapidly,  and  when,  from  the  state  of  the 
weather,  no  observation  has  been  made.  It  may  also  check  a  gross  error  in 
observation.  But  such  a  table  would  become  of  serious  detriment  to  navi- 
gation if  it  was  allowed,  in  any  degree,  to  set  aside  observation,  for  the 
observation  of  the  variation  affords,  at  once,  the  whole  correction  due  to 
local  deviation  and  the  particular  compass  used. — P.  75. 

Table  12.  Passages. 

This  Table  affords  the  means  of  estimating,  approximately,  the  length  of 
time  which  a  passage  from  one  place  to  another  may  occupy.  The  first  of 
the  two  numbers  in  the  1st  col.  shews  the  smallest  number  of  days,  and  the 
2d  the  greatest,  which  have  been  employed  by  ships  making  the  passage,  the 
number  of  which  is  given  in  the  second  column ;  thus,  the  passage  from 
Algiers  to  Malta  has  occupied  from  5  to  1 1  days,  among  4  cases  collected 
of  ships  which  have  made  this  passage.  From  Algiers  to  Smyrna  the  Table 
gives  but  one  case.  The  cases  are  chiefly  those  of  ships  of  war. 

Passages  of  less  than  «3  days  are  omitted,  except  by  steam-vessels.  The 
value  of  the  estimation  of  the  longest  or  shortest  passages  depends  on  the 
number  of  cases  given ;  thus,  of  44  passages  from  the  Lizard  to  the  Equator 
none  are  less  than  24  days,  nor  more  than  59.  It  would  obviously  be  useful 
to  know,  also,  the  mean  passage,  but  the  data  are  insufficient,  except  in  very 
few  cases. 

The  passages  marked  S.P.  in  col.  2,  are  by  steam-packets.  Some  of 
those  marked  Stm.  have  been  performed  partly  under  saiL 

The  abbreviation  Av.  denotes  that  the  two  numbers  given  are  the 
average  of  the  longest  and  shortest  passages,  at  different  times  of  the  year ; 
as  '*  Calcutta  to  Madras."  for  example.* 

It  is  considered  that  a  ship  at  sea  makes  good,  on  the  average,  about  100 
miles  a-day.  But  this  is  too  little  for  a  fair  wind,  and  too  much  for  a  foul 
one ;  and  therefore  a  knowledge  of  the  winds  is  absolutely  necessary  to  forming 
an  estimate  of  a  passage  from  the  distance  alone. 


TIDES. 
Table  13.     TiDB-HouRs.f 
The  Table  contains  tunes  of  high  water  at  full  and  change  of  the  moon 

*  I  am  indebted  to  Capt  Becher,  of  the  Hydrog;n^hioal  Office,  for  the  principal  materials 
of  this  Table.  Several  passages  have  also  been  taken  from  Mr.  "Wiae's  AnalyBia  of  One 
Hundred  Voyages  to  and  from  China,  &c.  None,  1839.  Hie  Table  is  at  present,  botb  m 
form  and  detail,  verj  imperfect 

t  Hie  reasons  for  introducing  this  term  are  gitw  at  p.  321,  note. 
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(that  Wj  on  those  days  on  which  the  moon  passes  the  meridian  with  the  sun^ 
or  12  hours  after  him),  and  the  range  of  the  tide.  —  See  note  *,  p.  320. 

The  tides  on  our  own  coasts,  and  those  of  France,  the  coast  of  China^ 
and  a  few  places,  as  St.  Helena,  Bombay,  and  others,  are  mean  time.  The 
greater  number  of  the  rest  are  apparent  time ;  but  the  difference  being  not 
more  than  4  of  an  hour  will  rarely  be  important  in  practice.  The  numbers 
with  parentheses,  after  the  place,  refer  to  the  column  and  part  of  the  column 
in  Table  )  0,  and  save  the  insertion  of  the  names  of  countries  and  seas.  The 
namber  occasionally  refers  to  the  column  where  a  place  would  be  found 
were  it  necessary  to  insert  it  in  Table  10,  as  Chaguaramus  Bay.  The 
figures  in  brackets  exhibit  differences  among  the  authorities,  within  such 
limits  as,  for  example,  [!'']>  "disagreement  of  J  of  an  hour." 

The  letter  c,  prefixed  to  times  taken  from  the  American  Coast  Surrey, 
denotes  "Correct  Establishment."  As  this,  we  conclude,  is  that  described 
in  No.  923,  p.  321,  such  term  is  a  mean  tide-hour^  and,  therefore,  differs 
from  the  tide-hour  (at  full  and  change)  by  the  amount  of  the  semi-menstrual 
inequality.  No.  924.  The  letter  m  prefixed  to  places  taken  from  Mr.  Airy's 
discussion  (see  p.  320,  note  j:),  denotes  the  same.* 

The  first  of  two  numbers  connected  by  a  hyphen  in  the  Range  column, 
denotes  the  spring  range,  the  second  the  neap  range.  Ex.  Pembroke,  Spr. 
range  21  ft^  np.  range  10  ft.  Sometimes  only  one  of  these  is  recorded,  as 
the  R.  Min,  springs,  19  fL 

These  numbers,  however  accurately  deduced,  must  be  taken,  in  practice, 
as  approximations  only,  as  the  range  is  often  liable  to  great  fluctuation.  Nos. 
929,930. 

The  figures  in  the  middle  (as  Mocha,  4)  are  either  recorded  as  "average 
rise,"  or  are  not  particularised.     Many  of  them  are,  no  doubt,  spring  ranges. 

Many  of  the  terms  in  this  Table  are,  no  doubt,  very  accurate,  and  some 
few  of  them  final.t  Others,  however,  depending,  as  they  no  doubt  do,  on 
a  single  observation,  and  that  not  always  obtained  on  the  proper  day,  can- 
not be  otherwise  than  very  incorrect;  for  though  the  tide-hour  does  not 
appear  usually  to  change  much  from  one  month  to  another,  yet  the  process 
of  reduction  is  open  to  error.  Thus,  it  may  happen  that  the  high  water  at 
full  or  change  (tide-hour)  may  follow  the  moon  after  a  shorter  interval  than 
any  other  of  the  kind  in  the  fortnight ;  and  that,  on  the  other  hand,  the  par- 
ticalar  high  water  which  the  seaman  may  have  the  opportunity  of  observing 
during  the  accidental  stay  of  the  ship  for  a  day  or  two  at  a  port,  may  follow 
the  moon  ader  the  longest  of  all  these  intervals ;  for  every  place  in  the  world 
seems  to  have  a  succession,  more  or  less  regular,  of  unequal  lunitidal  intervals. 
Now  the  observer,  in  order  to  reduce  his  observation  back  to  the  day  of  full 
and  change,  applies  the  successive  variations  of  the  moon's  meridian  passage 
as  taken  from  the  Nautical  Almanac ;  and  thus  his  reduced  or  computed 
high  water  at  full  and  change  comes  out  too  late.  Many  of  the  discrepancies 
ID  the  recorded  times  of  high  water  at  full  and  change  are,  perhaps,  to  be 
aecouoted  for  in  this  way. 


*  The  high  water  at  full  and  change,  on  the  Admiralty  Charts,  is  that  which  actually 
takes  place  on  those  days.  It  is  proper,  therefore,  to  remark,  that  the  %ne  of  any  particular 
tide,  as  deduced  from  tills  (hy  applying  the  variation  of  the  moon's  merid.  passage),  may,  in 
the  extreme  case,  be  in  error  by  the  whole  amount  of  the  semi>menstrual  inequality,  No.  924 
(as  is  seen  by  the  rule,  No.  933).  When  the  mean  tide-hours  are  given  this  error  can  only 
amount  to  ludf  that  quantity. 

t  1  am  indebted  to  Mr.  Ross,  of  the  Hydrographic  Office,  for  the  most  valuable  portion 
of  this  table. 
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In  like  manDer,  doubt  hangs  over  all  single  recorded  ranges,  except  those 
observed  of  late  years ;  since  it  was  not  known  formerly — and  the  knowledge 
is  even  now  confined  to  those  who  have  given  particular  attention  to  the 
subject  of  tides — that  the  height  of  the  water  is  connected  with  the  age  of 
the  tide.     See  No.  935. 

A  tide-table  of  a  general  kind,  properly  adopted  to  its  purposes,  would 
appear  in  a  different  form  from  this ;  but  a  very  long  time  must  elapse  before 
such  a  table  can  be  produced 

Tablb  14.    Epacts  of  Years  and  Months. 

The  Table  cx)ntains  the  Epacts  for  certain  years,  and  for  the  first  day  of 
each  month. 

The  Epact  for  the  year  is  the  moon's  age  on  January  1st.  The  Epact 
for  the  month  is  her  age  on  the  first  day  of  the  month,  supposing  her  to 
change  on  January  1st  at  noon. 

As  a  mean  lunation  is  29*'  12^  44™,  the  moon  describes,  in  365  days, 
twelve  complete  lunations,  and  10^  15**  of  the  thirteenth ;  hence,  on  each  1st 
of  January  her  age  is  10^  15^  on  the  average,  more  than  on  the  preceding 
1st  of  January,  and  11^  15*^  if  the  preceding  year  was  leap  year. 

Table  15.    Semi-Menstrual  Inequality. 

The  Table  contains  the  Semi-menstrual  Inequality  for  the  places  enu- 
merated. Its  use  is  shewn  in  the  examples,  p.  324.  The  Table  was  con- 
structed by  combining  together  the  several  semi-menstrual  inequalities  of  the 
places  specified,  together  with  a  few  observations  at  St.  Helena,  to  which 
place,  also,  the  Table  therefore  may  be  applied.* 

Table  16.  Rise  and  Fall  of  the  Tide. 

The  Table  shews  approximately  the  space  through  which  the  surface  of 
water  rises  or  falls  at  given  intervals  from  high  or  low  water.  It  is  entered 
srith  the  said  interval  at  the  top,  and  the  range  for  the  day  at  the  side. 

Ex.  1.  It  is  high  water  at  a  dock-sill  at  ii^  lo"  a.m.,  and  the  water  b  31  ft.  deep,  the 
range  is  24  ft. :  find  the  depth  at  12^  15*".  From  ii*'  20'"  to  12'*  15"  ia  55"  (or  !*■)  ;  then 
under  i*',  against  24ft-,  is  o'8,  which  is  the  fall  of  tide  in  i*',  and  being  subtracted  from 
3 1  ft.,  leaTes  30*2,  the  depth  required. 

Bz.  2.  It  is  low  water  at  4I*  50*  p.m.,  and  the  depth  is  2  ft.  At  a  place  where  tiie  range 
is  17  ft.  find  the  depth  at  8**  30".  3^  4.6^  and  17  giye  7*2,  which,  added  to  2,  gives  9*2,  the 
depth  required. 

If  the  range  for  the  day  is  not  known,  a  rough  estimate  may  be  formed 
from  the  spring  and  neap  ranges. 

The  Table  may  serve  for  reducing,  approximately,  the  soundings  taken 
at  any  particular  time  of  the  tide  to  the  low-water  depth.  Thus,  the  depth 
10  feet  is  obtained  at  P  50™  after  low  water :  the  range  between  this  low 
water  and  the  succeeding  high  water  is  1 1  feet ;  then  1^  50"*  and  1 1  give 

*  i  am  indebted  for  this  nseful  table  to  the  late  Mr.  Dession,  of  the  Hjdrog.  Office, 
master  in  Her  Majesty's  navy,  who  was  employed  at  the  Admiralty  in  reducing  the 
greater  part  of  the  tide  observations  made  at  our  ports  for  many  years;  a  task  which 
Dr.  W'hewell  considers,  in  the  amount  of  labour  and  m  the  judgment  displayed  in  the  mode 
of  proceeding,  as  not  inferior  to  any  discussion  of  large  masses  of  astronomical  or  other 
observations  by  modem  calculators,  and  of  which  some  idea  may  be  formed  from  the  cir- 
comstance  that  London  alone  furnished  13,000  observations. 
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M,  wbich,  deducted  from  10  feet,  leaves  9*2  feet  the  reduced  low->vater 
depth. 

The  results  are  only  approximate.     It  has  been  remarked,  at  least  a 
lome  places,  that  the  rise  and  fall  do  not  correspond,  and  that  the  water  falls 
more  rapidly  at  first.* 

To  compute  a  Term,  With  the  time  from  high  or  low  water  as  a  course, 
and  the  Range  as  disL,  find  the  diff.  lat.,  and  subtract  it  from  the  range  ;  the 
remainder  is  the  rise  or  fall. 


NAUTICAL  ASTRONOMY. 

REDUCTION  OF  THE  ELEMENTS  IN  THE  "  NAUTICAL 

ALMANAC." 

These  Tables  are  used  in  the  rules  from  p.  187  to  p.  210. 

Tables  17  and  18.    Arc  and  Time. 

These  TaUes  contain  the  corresponding  divisions  of  Time  and  Arc. 
Their  use  has  been  exemplified  in  Nos.  570  and  572. 

Tablb  19.    Correction  of  the  Sun*s  Declination  at  Noon  at  Sea, 

FOR  Longitude  and  Time. 

This  Table  contains  the  correction  for  the  sun's  declination  at  noon,  as 
taken  out  of  the  Naut.  Aim.  or  Table  60,  for  reducing  it  to  any  other  long, 
than  that  of  Greenwich,  or  to  any  other  hour  of  the  day  than  noon.  The 
correction  is  the  variation  of  the  declinatiou,  and,  as  it  depends  chiefly  on  the 
dedin.  itself,  the  declin.  is  employed  as  the  argument  instead  of  the  day  of 
the  month. 

The  Table  is  entered  with  the  declin.  at  the  top,  and  the  Long.,  or  the 
time,  at  the  side*     See  examples,  No.  579,  p.  190. 

Table  20.     Correction  of  the  Equation  of  Time  at  Noon,  at  Sea, 

FOR  Longitude  and  for  Time. 

The  Table  is  entered  with  the  daily  variation  at  the  top,  and  the  longi- 
tnde,  or  the  time,  at  the  side ;  the  correction,  in  the  body  of  the  Table,  is  in 
seconds  of  time.     See  the  examples,  No.  583,  p.  192. 

Table  21.  For  reducing  Daily  and  12-rourly  VARiATioNs.f 

This  Table  shews  the  proportional  part  for  each  half-hour  of  the  24**,  or 
each  15"*  of  the  12\  corresponding  to  any  daily  or  12-hourly  variation  from 
r  to  80',  or  r  to  30". 

« 

*  With  such  Irregularity  will  also  he  taken  that  called  Hde  and  hafftide,  in  some  placet 
where  the  fall  of  the  water  is  checked  aboat  half  ebb,  and  a  temporary  rise  takes  place.  As 
also  BQoh  an  irregolarily  as  the  superior  height  of  the  night  tides  in  the  river  Columbia, 
which  Sir  E.  Belcher  attributes  to  the  sea-breexe  blowing  strong  near  sunset. 

t  For  the  design  of  this  very  couYenient  table  I  am  indebted  to  Capt.  W.  Ramsay,  ILK. 
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When  the  variation  exceeds  30,  take  the  parts  for  30  and  for  the  exoeae 
above  30. 

Consider  minutes  ot  time  above  0°"  or  30™  as  hours,  and  write  the  miu.  of 
the  proport  part  as  seconds,  and  the  seconds  as  thirds 

Examples  are  given  in  No.  580,  p.  J  90,  and  many  others. 

For  extreme  precision,  the  even  columns  (2',  4',  &c.)  onlj  must  be  used, 
because  the  old  columns  are  often  0"-05  in  defect,  as  are  all  those  for  30". 

The  Table  serves  for  reducing  the  R.  A.  and  Decl.  of  the  sun  and  planetii* 
the  Equation  of  Time,  the  Moon*s  Horizontal  Parallax,  and  Semi-diameter ; 
and  also  for  various  other  purposes,  as  proportioning  for  the  rate  of  a  watch, 
the  drift  of  a  current,  &c. 

Table  21  A.  Logarithms  for  reducino  Daily  Variations. 

This  Table  contains  logarithms  for  reducing  24-hourly  variations.  Its 
use  is  described  in  No.  597  (2),  p.  196. 

To  compute  a  Term.  From  the  const  d*15836(  the  log.  of  1440,  the 
number  of  min.  in  24\  or  of  seconds  in  24™)  subtract  the  log.  of  the  given 
time  or  arc ;  read  hours  or  degrees  as  min.,  and  min.  as  seconds. 


Ex.  1.    Find  the  Log.  for  ii^  i8". 

Const.      3*1584 
ii">  a8«  «  688*  log.    2*8376 


Ex.  2.    Find  the  Log.  for  21'  27^. 

Const.      3*1584 
ai'  2/'  ■■  1287"  log.     3*1096 

Loo.  leq.    00488 


Loo.  req.    0*3208 

Table  22.  For  reducing  the  Moon's  Declination. 

The  Table  is  entered  with  the  difference  for  10"  (from  the  Naut.  Aim.) 
at  the  top,  and  the  minutes  of  the  Greenwich  Date  at  the  side* 

Ex.    Green.  Date,  ii'»27",  Diff.  for  10",  136". 

27"  and  130*  5' 51** 

6  16*2 

Proportional  Part       6     7*2 

The  parts  may  be  taken  out  to  the  seconds  of  the  Greenwich  Date  by 
reading  minutes  as  seconds,  and  seconds  as  thirds. 

Table  23.   Acceleration. 

This  is  the  change  of  the  sun's  mean  Right  Ascension  in  a  mean  solar 
day.  It  is  employed  in  reducing  the  Sidereal  Time  at  mean  noon  to  the 
Green.  Date,  and  in  conyerting  Mean  Time  into  Sidereal  Time. 

The  Acceleration  is  itself  a  portion  of  Sidereal  Time. 

Table  24.   Retardation. 

This  is  the  .change  of  the  sun's  mean  Right  Ascension  in  a  sidereal  day. 
It  is  employed  in  converting  Sidereal  Time  into  Mean  Ttiae. 
The  Retardation  is  itself  a  portion  of  Mean  Time. 
For  examples  of  the  use  of  these  two  Tables,  see  Noe.  585,  602»  drc. 

Table  25.   For  finding  the  Equation  of  Second  Differsnces. 

The  use  of  this  Table  is  described  in  No.  599,  p.  197.  The  eolumn 
headed  l**  (which  may  be  read  1^  or  T)  is  adapted  to  all  tables  in  which  the 
intervals  are  sexagesimally  divided. 
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7b  tompuie  a  ienn.  Maltiply  half  the  difference  between  the  Tabular 
Interral  and  the  proposed  Interval  by  the  latter,  and  divide  the  jHToduct  by 
the  square  of  the  Tabular  Interval. 

ftu    Tabular  Intenral  i%\  Proposed  Interval  5^  40",  or  5^. 
Tab.  Int      iz^ 


Rropoaed        5*7 
EUfDi£      31 


then  ^ ^^  «  o*XM7i  the  moUipllflr* 

>44 


TIMES  OF  CERTAIN  PHENOMENA. 
These  Tables  are  employed  in  the  methods,  p.  185,  &c. 

Tablb  26.   Apparent  Time  of  the  Sun's  Rising  and  Setting.* 

The  Table  is  entered  with  the  Latitude  at  the  side,  and  the  Sun's  De- 
cHoation,  at  the  ftjjp,  when  these  are  of  the  Mome  name ;  but  at  the  bottom 
when  qS  contrary  names.  Thus,  in  lat.  31°  N.,  the  sun,  when  in  4°  S.  decl., 
rises  at  6**  10"  a.m.,  and  sets  at  5^  50°^  p.m. 

This  is  the  Civil  Time  of  the  rising  or  setting  of  the  sun*s  centre,  to  the 
eye  at  the  level  of  the  sea,  and  without  the  atmosphere.  For  greater 
exactness  see  No.  638,  p.  211. 

To  compute  a  Term.     See  Nos.  620,  621,  p.  204,  &c 

Table  27.   Approximate  Apparent  Times  op  the  Meridian  Passages 

OF  THE  Principal  Fixed  Stars. 

Table  27  A.  Correction  of  the  Times  in  Table  27. 

The  times  are  given  in  Table  27  for  the  Ist  of  each  month,  and  the 
meridian  of  Greenwich.  To  find  the  time  of  passage  for  any  other  day,  sub" 
trad  the  portion  of  time  corresponding  to  the  day  of  the  month  in  Table  27  A 
from  the  time  in  Table  27.     For  an  ex.  see  No.  625,  p.  206. 

The  Table  is  adapted  to  1878,  but  will  be  within  2'"  for  many  years. 

Table  28.  Correction  of  the  Moon's  Meridian  Passage. 

The  Table  is  entered  with  the  Daily  Variation  at  the  top,  and  the 
Longitude  at  the  side. 

The  Daily  Variation  in  W.  long,  is  the  difference  between  the  time  of  the 
moon's  transit  on  the  given  day  and  the  next ;  in  E.  long,  it  is  the  difference 
between  the  moon's  transit  on  the  given  day  and  the  day  before. 

In  W.  long,  eidd  the  correction  to  the  time  of  meridian  passage  on  the 
gWen  day ;  in  E.  long,  subtract  it 

«  TUi  ii  the  apparent  (not  fMmC)  time  of  tlie  tnie  (not  the  vmhl€)  rising  or  ssHing. 
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Ex.  1.   May  9th,  1870,  long.  51°  W.: 
required  the  time  of  the  Moon'i  Mer.  Pass. 

Mer.  Pass.  N.A.  9th  ?**  «?' 

loth 

DaUy  Var. 
Corr.for5i*»W. 

Timreq.  7  i4'**'« 


8 

9 

5» 

7 

7 
17 

Ex.  2.    July  15th,  1870,  long  131'  B.t 
required  the  time  of  the  Moon's  Mer.  Paft. 

24th  ii*"  19" 

a3d  10  39 

Daily  Var. 

Corr.  for  132°  E 


50 

21 

-17 
29 

21 

12 

Tims  req.  9   12  a.m. 


The  quantities  are  proportional,  not  to  24^  but  to  24^  pita  the  daily 
variation  itself;  for  this  last  sum  is  the  absolute  interval  of  two  lunar 
transits,  and  is  not  the  variation  upon  a  mean  solar  day 

Table  29.    Hour-Angle  and  Altitude  op  a  Body  upon  the  Primi 

Vertical. 

The  Table  is  entered  with  the  Declination  at  the  top,  and  the  Latitude 
(of  the  same  name)  at  the  side. 

Ex.  Lat.  50°  and  0*8  Declin.  to®,  give  his  Hour-Angle  5^  26",  and  Alt  13^*2,  or 
13**  12'. 

The  alt.  which,  partly  for  space  and  partly  for  distinction,  is  noted  to 
the  nearest  0^*1,  or  6\  will  not  be  in  error  on  this  account  more  than  8'. 
Thus  the  alt  IS^'-l,  which  is  properiv  13°  6',  may  be  between  13°  3'  and 
13°  9* ;  but  13°  2'  is  13°0,  and  13°  iV  is  13°-2.  Hence,  taking  18°1  a« 
13°  6'  cannot  entail  an  error  exceeding  3'.     The  error  will  generally  be  less. 

Tliis  alt.  being  the  trtie  alt.,  the  sun  or  a  star  will  pass  the  prime  vertical 
at  an  alt.  greater  than  the  alt  given,  by  the  diff.  between  the  true  and  obs. 
alts. ;  the  moon,  on  the  contrary,  at  a  lesser  alt.,  by  this  amount 

As  no  star  of  which  the  declin.  is  greater  than  the  lat.  passes  the  prime 
vertical,  such  cases  do  not  appear  in  the  table. 

The  Table  shews  at  once,  roughly,  the  effect  of  an  error  of  1°  of  lat  in 
determining  the  time  by  a  single  altitude  in  the  most  favourable  case. 

Ex.  Lat  45"  N.,  Ded.  3"*  N.,  the  times  are  the  same  fbr  f  or  V*  of  latitude;  that  iit 
a  gross  error  of  lat.  is  of  no  conseqaence  in  computing  the  time  of  passage.  But  if  tfaa 
body  have  23®  of  declin.  an  error  of  1°  of  lat  will  canae  an  error  of  3*  or  4°*  in  that  time. 

By  reversing  the  lat.  and  declin.,  the  hour-angle  and  altitude  become 
those  of  a  body  at  its  greatest  elongation,  or  azimuth,  from  the  pole. 

To  compute  the  Hour-angle^  see  No.  619,  p.  204.  To  compute  the  AUf 
see  No.  665,  p.  219. 


ALTITUDES. 
These  Tables  are  used  in  the  roles,  p.  212,  &c. 

Table  30.    Apparent  Dip  op  the  Sba-Horisok. 

This  is  the  angular  depression  of  the  sea-horizon  below  the  true  levd,  in 
ordinary  states  of  the  atmosphere,  and  when  the  sea  and  air  are  of  eqnal 
temperature. 
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The  apparent  dip  is  the  true  depression  (Table  8),  diminislied  by  about 
y  of  itself.  As  this  correction  is  subject  to  great  variations,  the  dip  may 
be  employed  to  the  nearest  minute  only. 

Tablb  3L    Mean  Astronomical  Refraction. 

The  Refraction  is  given  for  the  barometer  at  30  inches,  and  Fahrenheit's 
thermometer  at  50^,  according  to  Ivory.*     The  diff.  to  10'  of  alt.  is  inserted. 

Ex.  1.    The  refraction  at  20^  is  %*  39' . 

Ex.  2.    The  refr.  to  the  alt.  38°  35^  is  i'  i3"-3,  dedacting  -a,  or  1'  i3"-i. 

The  tenths  of  seconds  are  omitted  at  altitudes  below  35^,  on  account  of 
te  QDcertainty  at  low  altitudes. 

To  find  the  Refraction  approximately.  With  the  alt.  as  course  and  dep. 
56,  find  the  D.  Lat. ;  this  is  the  refraction  in  seconds.  For  the  refr.  is  pro- 
port,  nearly  to  the  tang,  of  the  zen.  dist,  and  is  dS^'S  at  zjn.  dist.  45^. 

Ex.    Alt.  lo'^,  as  ooarwi  and  Dep.  58,  give  329^^,  or  5'  19",  the  refr.  required. 

Table  32.     Correction  of  the  Mean  Refraction  for  the  Height 

OF  THE  TflERMOMETElLt 

The  Table  is  entered  with  the  Alt  at  the  top,  and  the  degree  of  Fahren- 
heit's therm,  at  the  side.  When  the  therm,  is  below  50°,  the  correction  10 
9dded  to  the  mean  refr. ;  when  above  50°,  it  is  subiraetetL 

Ex.    Alt  17**  10',  therm.  7%^;  the  corr.  is  8",  which,  sobtraeted  from  the  mean  reft., 
f  f,  gives  the  tme  refraction  2'  59''. 

To  find  the  Correction^  nearly.  Multiply  the  mean  refraction  in  seconds 
by  2,  and  by  the  difference  between  the  height  of  the  therm,  and  50°,  and 
divide  the  product  by  1000. 

Ex.    Alt  5'',  therm.  38'.    The  mean  refr.  9'  54%  or  594'',  mnlt  by  i  and  by  11,  is 
14156,  and  this  divided  bj  1000  gives  i^'\ 

Table  38.    Correction  of  the  Mean  Refraction  for  the  H2)N)J^ 

OF  THE  Barometer. 

The  Correction  is  given  to  each  tenth  of  an  inch.  The  Table  is  entered 
like  Table  32.  When  the  barom.  b  above  30  inches,  the  correction  is  to  be 
added  i  when  below y  subtracted. 


Ex.    Alt  17^  10',  barom.  29*1  in. ;  the  corr.  is  5^,  and  true  refr.  3'  x^ 

To  find  the  Correction.  Multiply  the  mean  refr.  in  seconds  by  the  dif- 
ference  betweed  the  height  of  the  barom.  and  30  inches,  and  divide  the 
product  by  30. 

Ex.    (Above.)    %'  -f^  or  187',  mvlt  by  -8,  and  dhrid.  by  30,  gSvei  5". 


*  Hie  refraotSoni  now  used  by  astnmomera  are  tfaoie  aooording  to  Benel.  Ivory's 
exceeds  these  by  0-9"  lit  ah.  45^  by  2*  at  alt.  20^,  and  &"  at  alt.  10^  The  diffMenoa  of  the 
tdblet  ia  scarcely  worth  a  more  extended  notice. 

t  lUa  correction  mvolves  the  teem  ^  (^-t^O^).    The  term  ^  (^—80)  is  omtttKHl 

tt  hneasIUe.  -^Fm.  Trim*.  1823,  p.  476. 

0]> 
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TA.BLB  34.    Thb  Sun's  Parallax  in  Altitude  and  Ssmidia  meter. 

These  are  given  for  convenience  on  some  occasions,  but  not  f6r  extreme 
precision. 

To  compute  the  Sun*s  Parallax  in  Altitude.  Take  the  hor.  |)ar.  in  the 
Naut  Aim.  as  dist.,  and  find  the  D.  Lat  to  the  app.  alt  as  course. 

Table  35.     Dip  of  a  Srorb-Horizon. 

The  Table  shews  the  Apparent  Dip  to  be  used  instead  of  the  dip  in 
Table  30,  when  the  distant  sea-horizon  cannot  be  seen,  and  the  altitude  i« 
observed  from  the  water-line  on  the  beach.  The  distance  of  this  line  may 
cither  be  estimated  nearly,  as  it  is  always  less  than  the  true  dip  due  to  the 
height  of  the  eye  (Table  8),  or  it  may  be  found  by  the  method  No.  550, 
p.  180. 

To  compute  a  Term,  Take  the  di£  between  the  depr.  to  the  eye 
(Table  8)  and  the  dist  of  the  beach-line,  and  diWde  by  twice  this  last ;  add 
the  quotient  to  the  app.  dip  in  Table  30. 

Table  86.* 

Tins  Table  contains  the  scales  of  the  Centigrade  and  R^umur  ther- 
mometers, corresponding  (approximately)  with  that  of  Fahrenheit 

The  zero  of  the  two  former,  or  the  freezing  point  of  water,  being  S^  of 
of  Fahr.,  and  their  boiling  points  IGO^  and  80°  respectively,  while  that  of 
Fahr.  is  212° ;  the  following  rules  are  derived  for  the  conversion  of  the 
scales. 

To  convert  the  Centigrade  into  Fahrenheit.  Multiply  the  degrees  of  the 
Centigrade  by  9,  and  divide  the  product  by  5.  When  the  Centigrade  degrees 
are  above  0,  add  32°  to  the  quotient;  when  below  0  (or  marked  ->),  sub- 
tract it  from  32°. 

To  convert  Reaumur  into  Fahrenheit.  Multiply  the  degrees  by  9,  and 
divide  tlie  product  by  4.     Apply  the  quotient  as  directed  above. 

Ex.  Centig.  —  11*7,  find  Fahr.  11*7  x  9  «  1053,  this  •*>  5  « 11*1,  which  gukirmeted 
firom  31°  gives  10^*9. 

To  extend  the  Table.  For  the  Centigrade  add  0*555,  &c,  and  for 
Reaumur  0-444,  &c.,  for  each  1°  of  Fahr. 

Table  37. 

This  Table  contains  the  English  measures  corresponding  to  the  Ifiire^ 
Kilomitre^  Dieimitre^  and  Millim^re,f  See  p.  368.  Thus  30  centim.  are 
11*81  inches;  3  kilom,  are  L*618  nautical  miles. 

The  barometer  scale^  in  English  inches,  and  milllmkres  (approximately ), 
is  annexed. 

To  reduce  the  French  to  the  English  barometer  scale.  Divide  the  miU 
limdtres  by  25*4,  the  quotient  is  the  number  of  English  inches  required; 

*  At  namerovt  valuable  works  relatitig'td  Navigation  are  published  by  the  French,  and 
at  other  Cbntinental  nations  frequently  employ  the  langnage  of  that  coimtry  in  hydrograpbie 
documents,  Tables  36  and  37  are  added,  for  the  readj  rednctkm  of  socfa  Frendi  measurea 
as.  moft  fnqfmaHtf  ooenf . 

^  t  X^  quantitks  %^t  taken  from  the  Jbmtunres  for  1846.    The  mkn  is  the  lO-nuIfioatk 
part  of  the  quadrant  of  a  meridian. 
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Wiies  the  French  scale  is  given  in  inches  and  lines  (or  12th8  of  an 

inch),  multiply  the  inches  by  1-065,  the  product  is  English  inches. 

To  extend  the  barometer  scale,  add  2-54  millimetres  for  each  0*1  of  an 
inch. 

Table  38.    Corrections  of  Altitude  of  the  Sun  and  Stars. 

The  Table  contains  the  gross  corr.  of  alt,  or  the  correctioos  enumerated 
in  No.  644,  exclusive  of  index  error,  to  the  nearest  min. 
For  examples,  see  No.  648,  and  p.  215. 

Table  39.     The  Moon's  Correction  of  Altitudb. 

The  Table  contains  the  Correction  to  each  minute  of  horizontal  parallax 
and  every  10'  of  alL ;  for  the  barom.  30  inches,  and  Fahrenheit's  therm.  50^. 

Si.    Hie  con.  to  app.  alt.  15**  30'  and  hor.  par.  56^,  is  $</  ^i**. 

For  seconds  of  parallax.  Look  among  the  colarans  on  the  right  side  of 
the  page,  and  against  the  alt.,  and  take  out  the  seconds,  which  aM  to  the 
correction. 

For  minutes  of  altitude.  Take  the  seconds  from  the  extreme  right  of 
the  page,  and  apply  them  as  there  directed. 

£1.    Moon's  App.  Alt  35^  37',  Hor.  Pax.  5/  $%" ;  find  the  Correction  of  Altitude. 

3f5*»  3</ and  57'  45'    3" 

32  ,  parta  xo  \ 
f  parta,  -4/ 


22 
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To  correct  for  the  Barom.  and  Therm.  Take  the  corrections  from 
Tables  82  and  33,  but  apply  them  to  the  correction  of  alt  the  contrary  way 
to  that  directed.     Ex.,  No.  655,  p.  216. 

To  compute  a  Term,  Correct  the  app.  alt.  (of  the  centre)  for  refraction. 
To  the  log.  sec.  of  this  alt.  add  the  prop.  log.  of  the  horizontal  parallax ;  the 
sam  is  the  prop.  log.  of  the  parallax  in  alt.  From  this  subtract  the  refrac- 
tion ;  the  rem.  is  the  correction  of  alt. 

The  Table  does  not  giTC  the  correction  with  precision  at  low  alts** 

Tablk  40.    Corresponding  Horizontal  Parallax  and  Semidiambtbr 

OF  the  Moon. 

As  these  two  elements  are  generally  required  together,  the  Table  renders 
It  necessary  to  reduce  the  parallax  alone  to  the  Greenwich  Date. 

Table 41.  Diminution  of  the  Moon*s  Horizontal  Parallax  for  the 

Spheroidal  Figure  of  the  Earth. 

The  Table  is  entered  with  the  Horizontal  Parallax  at  the  top  and  the 
Latitude  at  the  side ;  the  seconds  corresponding  are  to  be  subtracted  from 
the  equatorial  bor.  par. 

The  compression  employed  is  ^-^^ 

*  InaU'theae  tables  of  refraction  tbe  eye  is  supposed  at  the  levd  oftheiea;  when  Che 
ohKnwr  l»  at  very  grait  elevations,  low  altitades  cannot  be  corrected  widi  {irecisicii  bytiia 
tables  in  oosamon  use.    T^  rafraclion-is  in  such  cases  toe  great 
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Tablb  42.    Augmentation  of  the  Moon's  Semidiambtbh. 

The  Table  is  entered  with  the  Moon's  Sennidianacter  at  the  top  and  her 
Altitu.ie  at  the  side;  the  seconds  corresponding  are  the  excess  by  which  her 
apparent  seniidiameter  at  her  actual  altitude  exceeds  that  at  which  it  would 
appear  if  seen  from  the  centre  of  the  earth.     See  Nos.  439  and  440,  p.  147. 

Tables  4d  and  44.    For  converting  True  into  Apparent 

Altitudes. 

These  contain  the  further  correction  necessary  in  reducing  a  true  to  an 
apparent  altitude,  after  adding  the  refraction  and  subtraetinff  the  parallax. 
See  Nos.  657  and  658,  p.  216. 

Table  45.    Parallax  of  the  Planets  in  Altitude. 

The  Table  is  entered  with  the  Planet's  Horizontal  Parallax  at  the  top, 
anc  its  Altitude  at  the  side ;  and  the  corresponding  seconds  taken  out. 

To  compute  a  Term,  Enter  the  Traverse  Table  with  the  alt.  as  coarse 
and  the  hor.  par.  as  dist,  and  take  out  the  D.  Lat. 

Table  46.     Azimuth  corresponding  to  the  Change  of  Altitude 

IN  1"  op  Time. 

The  Table  shews  the  Change  of  Altitude  in  1"  of  Time  at  any  Azimuth 
in  Latitudes  below  66^.     The  azimuth  is  reckoned  either  from  N.  or  S. 

Ex.    In  Ut  50^,  at  the  azim.  40^,  redconed  cithar  from  N.  or  S.,  the  diange  of  alt.  in 
I"  11  6'  and  some  seoonds. 

The  Table  shews  also,  roughly,  the  true  bearing  when  the  change  of  alt. 
in  1~  is  given.     See  also  No.  677,  p.  224. 

The  column  of  6'  limits  the  azimuth  for  finding  the  time,  No.  778,  pu  261. 


LATITUDE. 
Tbsbb  Tables  are  employed  in  the  rales  in  Chap.  V.,  p.  225. 

Table  47.    Limits  op  the  Reduction  to  the  Meridian  at  Sea 

This  Table  shews  how  long  before  or  after  noon  the  sun*s  altitude  may 
be  observed,  so  that  the  Reduction  shall  not  be  in  error  more  than  2*  when 
the  time  is  1™  in  error.  The  Table,  therefore,  shews  the  Limits  of  this 
method  for  common  practice  at  sea. 

If  the  time  be  in  error,  or  doubtful,  2°^,  8",  5rc.,  the  Reduction  will,  at 
the  limits,  be  in  error,  or  doubtful,  4',  6',  &c.  In  like  manner,  if  the  error 
of  time  be  less  than  1"",  that  of  the  Reduction  will  be  less  than  2^,  in  the 
same  proportion. 

If  the  time  is  doubtful  2",  d"",  &c,  and  we  require  that  the  error  of  the 
Reduction  shall  not  exceed  2*,  we  must  take  for  the  limit  ),  J,  Sco^  that  set 
down ;  thus,  if  in  lat  4B°  N.,  decl.  10^  R,  the  time  be  doubtful  3">,  we  mmf 
take  the  alt.  within  ^  of  28*,  and  that  is,  9<"  from  noon. 
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When  the  ame  from  noon,  of  observation,  exceeds  the  liniitM  set  down, 
the  error  of  the  Reduction  (caused  by  1°^  error  in  the  time)  will  exceed  2* 
in  the  same  proportion  ;  thus,  in  the  above  case,  if  the  alt  be  observed  56"* 
from  noon,  the  error  of  1"*  in  tlie  time  will  cause  V  error  in  the  Reduction. 

The  time  in  the  Table  is  that  hour-angle,  nearly,  at  which  the  number 
of  muiates  (of  time)  is  equal  to  the  number  of  minutes  (of  arc)  in  the 
Reduction. 

TofindtkU  Haur-Angk.  To  the  constant  0*4771,  add  the  log.  from 
Table  70 ;  the  sum  is  the  prop.  log.  of  the  hour-angle  required,  in  time.* 

Table  48.    Value  of  the  Rbduction  at  which  the  Second 

Reduction  amounts  to  T. 

The  Table  contains,  against  each  Men  Alt.  under  85^,  that  value  of  the 
Reduction  at  which  the  2d  Reduction  amounts  to  T ;  and  therefore  shews  - 
whether  it  is  necessary  or  not  to  compute  the  latter. 

Ez.  Suppose  the  mer.  alt.  68^  and  tiie  (%rat)  Red.  computed  to  be  47',  then  tiie  error  of 
omiumg  tiie  2d  Red.  cannot  amount  to  i* ;  out  if  the  1st  fLed,  were  54',  the  omiaaion  of  the 
2d  Red.  would  cause  an  error  of  more  than  i'. 

One  eighth  of  the  quantity  in  this  Table  is  that  (Ist)  Reduction  at 
which  the  2d  Red.  amounts  to  1". 

Thus,  in  Ez.  No.  707,  p.  234,  the  mer.  alt.  is  60^,  the  value  of  the  Ist  Red.  in  the 
'IU>Ie  is  !<"  3',  i.8th  of  which  is  t\  hence,  if  the  Red.  exceed  8',  the  2d  Red.  wiU 
exceed  i*. 

To  compute  a  Term.  To  the  constant  6*7648  (the  sin.  of  2'),  add  the 
log.  cot.  of  the  mer.  alt ;  half  the  sum  (preserving  10  in  the  index)  is  the 
log.  sine  of  the  reduction  required. 

Ez.  Const.  6*7648 

Mer.  alt.  60**  50'  cot.  9*7467 

2)16*5115 

Ran.  required  i^  %'  log.  sin.  8*2557 

fo  find  the  time  from  noon,  or  the  hour-angle*  to  which  this  (1st) 
Reduction  corresponds :  from  the  log.  sine  of  the  Red.  subtract  the  log.  in 
Table  70,  the  remainder  is  the  log.  sine  square  of  the  time  or  hour-angle 
required* 

Ex.  1.  Lat.  6o*»  N.,  decl.  14**  N.  (mer.  alt.  44**),  Red.  i*»  h'  ;  *'388  -0*130  -  8*258, 
de  on.  aq.  of  i*  i"  53",  the  hour-angle  required. 

Ez.  2.    Lat  29*"  N.,  ded.  17^  S.  (mer.  alt.  44^),  Red.  i""  24',  gives  <^  47*  3*. 

These  precepts  concerning  the  Reductions  are,  of  course,  merely 
approximations  near  enough  in  practice. 

Tables  49  and  50.     For  computing  the  Reduction  to  the 

Meridian  in  Seconds. 

The  seconds  forming  part  of  the  lat  Reduction  (Table  49)  are  taken  out 
to  the  min.  and  sec.  of  the  hour-angle.  When  the  sun  is  observed  in  the 
forenoon,  the  Table  is  entered  with  the  time  from  midnight,  for  convenience. 

*  Mr.  TowBon  has  conetructed  oonvenient  tablea  for  reducing  an  alt.  oheerred  near  tha 
ZBsrid.  to  tha  mer.  alt.,  which  are  pablished  by  the  Hydrographic  Office. 
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The  secondjB  for  the  2d  Reduction  (Table  50)  are  taken  out  for  the 
hour-angle  to  the  nearest  10'. 

To  compute  a  Term  in  Table  49.  To  the  const.  56 15455,  add  the  log. 
sine  square  of  the  hour-angle  ;  the  sum  is  the  log.  of  the  number  of  seconds. 

To  cftrnpuie  a  Term  in  Table  50.  To  the  const.  5*6155  add  twice  the 
log.  sine  sq.  of  the  hour-angle ;  the  sum  is  the  log.  of  the  2d  Red. 

£x.    Find  the  Reduction,  and  also  the  2d  Red.,  in  seconds,  for  the  hour-aog^  2t*4^. 


Const.  5*61545 
H.  Ang.  a8»  4*  sin.  sq.  7'S734' 
RsDUCT.  i544''-8  log.  3*18886 


Const.  5*^*5 

sin.  sq.  X 1     5-147 

2d  RsD.  5''-8        log.    0*762 


Table  51.  Corbection  op  the  Altitude  of  the  Polb-Star  at  Sea. 

The  Table  is  entered  with  the  Altitude  of  the  star  at  the  t<^  and  the 
llight  Ascension  of  the  Meridian  at  the  side.  The  quantity  taken  out  is  to 
be  applied  to  the  star's  true  alt.  as  directed,  ex.  p.  259. 

The  last  column  contains  the  variation  in  ten  years,  which  is  always  tub' 
tradioe  from  the  correction  in  the  Table. 

As-  the  observation  at  sea  is  imperfect,  the  correction  has  been  computed 
to  whole  minutes  only. 

The  quantity  is  the  D.  Lat  answering  to  the  star's  hoar-angle  as  course 
andSOias  dist.  (the  stai*s  pol.  dist.  in  1878}»  together  with  a  second  correction 
computed  in  No.  774,  p.  259. 

Table  52.  Reduction  of  the  Latitude. 

This  is  the  difference  between  the  latitude  as  actually  found  by  any 
astronomical  observation  and  what  it  would  be  if  the  earth  were  a  sphere, 
which  last  is  called  the  geocentric  latitude. 

To  reduce  the  lat.  by  observation  to  the  geocentric  latitude,  subtract  the 
reduction  of  latitiide. 

This  quantity,  which  is  also  called  the  angle  of  the  vertical^  is  0  at  the 
equator  and  at  the  pole,  and  fs  greatest  in  lat  45^. 

The  compression  assumed  is  3)0  ;  that  is,  the  polar  radius  is  supposed  to 
be  shorter  than  the  equatorial  radius  by  ^^  of  the  latter. 


LONGITUDE. 
These  Tablet  are  employed  in  the  methods,  Cbi^pter  VI  I.  p.  279. 

Table  5d.  Correction  of  the  Lunar  Distance  for  the  Contraction 

OF  the  Vertical  Sbmidiametsb. 

The  Table  is  entered  with  the  Alt  at  the  top  and  the  Angle  contained 
between  a  plumb-line  through  the  body,  and  the  line  joining  the  other 
body.*     See  No.  852,  p.  295. 

*.  The  argument  in  this  table,  in  the  usual  form,  is  the  angle  which  the  lemidiameter  ia 
the  direction  of  the  other  body  makei  with  the  horizon :  but  it  is  difficult  to  iiiiag[tDe  the  horiaoo 
wlitre  it  is  not,  whereas  lbs  plumb-line  is  an  absolute  standard  eferywhere. 
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Fablx  54.   EsBfMi  OP  Observation  arising  prom  an  Error  in  the 

Parallelism  op  the  Line  op  Sight. 

The  Table  shews  the  Error  on  any  observed  angle  less  than  120^,  arising 
from  the  Hoe  of  sight  not  being  parallel  to  the  plane  of  the  sextant  or  circle. 
See  No.  495  (3),  p.  163. 

As  the  observer  will  not,  knowingly,  allow  this  adjustment  to  remain 
defective,  or  observe  elsewhere  than  in  the  centre  of  the  field  when  the  ad- 
justment is  perfect,  the  Table  serves  rather  to  shew  the  consequence  of  snch 
errors  than  for  the  purpose  of  applying  a  specific  correction. 

To  compute  a  Term,  To  twice  the  log.  sine  of  the  error  in  the  paral- 
lelism of  the  telescope,  add  the  log.  tan.  of  half  the  angle  measured;  the  sum 
is  the  log.  sine  of  the  required  error  in  the  observed  angle. 

Ex.    Error  of  psnOelism  ii',  angle  measored  97^:  required  the  Enor  of  the  Angle. 

la'  log.  lin.  7*5419  X  %    5-085S 

97°,  half,  48®  jo'  tan.    o'053> 

raq.  %*'•%  line    5' 1390 


Tablb  55.  Fob  correcting  the  Lunar  Distance  por  the  Spheroidal 

Figure  of  the  Earth. 

The  Table  is  entered  with  the  Latitude  and  the  Moon's  Altitude.  The 
numbers  are  noted  to  the  nearest  10.     See  No.  858,  p.  295. 

To  compute  a  Term,  To  the  log.  sine  of  the  red.  of  lat.  add  the  log. 
sine  of  the  horizontal  parallax  (in  the  Table,  57'),  and  the  log.  sine  of  the  alU; 
the  sum  is  the  log.  sine  of  a  sinall  arc,  which  multiply  by  100. 

Table  56.  For  computing  the  Moon's  Second  Correction  op 

Distance. 

Enter  the  Table  with  the  App.  Dist  at  the  top  or  bottom,  and  the  Moon's 
Corr.  of  Alt.  at  the  side,  and  take  out  the  seconds. 

In  the  same  column  take  out  the  seconds  standing  against  the  corr.  of 
dist.  (No.  842  or  844)  at  the  side.  The  difference  between  the  two  numbers 
thus  taken  out  is  the  2d  corr.  required.* 

When  the  Dist  is  less  than  90^,  add;  when  greater,  subtract. 

Ex.    App.  dist  48^1    >  'a  corr.  of  alt  46  ;  cocr.  of  diat  i6':  find  the  Seoond  Corr 

48°  and  46'  17" 

a6  _6 

SaooND  Corr.         11    to  be  added. 

To  compute  a  Term^  approximaieijf  (1.)  To  square  an  arc  in  minntes. 
Find  the  square  of  the  number  of  min. ;  divide  it  by  60 :  the  quotient  is  the 
namber  of  seconds  in  the  square  required,  roughly.  For  greater  Accuracy, 
increase  the  quotient  by  -^  of  itself. 

(2.)  With  the  app.  dist  as  Course,  and  the  stud  square  as  Dep.  find  the 
D.  Lat;  Ao^this  is  the  term  required. 

*  Ihia  2d  eorr.  may  be  diapenaed  with  altogether  by  repeating  the  work,  No.  844,  p.  28S, 
luing  the  meat  of  eadi  true  and  app.  alt  and  the  mstm  of  the  app.  and  fiist  foiuid  dnt 
The  rsnlt,  with  care,  will  agree  very  nearly  with  the  rigorous  proceis. 
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Bz.    Conr.  (of  alt  or  of  dist)  55^,  app.  diit.  31^ 

55  squared  (by  Table  8)  3025,  divided  by  60       5o'"4 

add  i-2otfa  a  '5 

Required  sauASB  of  55^         53 
Dep.  53  and  Conne  31^  gire  D.  Lat  88 ;  the  term  ia  44". 

Table  57.    Correction  or  the  Greenwich  Mean  Time  for  the 
Second  Difference  of  the  Lunar  Distance. 

This  Table  is  entered  at  the  top  with  the  Approximate  Iiitenral,  and  at 
the  side,  «ith  the  Diff.  of  the  Prop.  Logs,  standing  against  the  two  dbtaneet 
in  the  Nautical  Almanac,  which  include  the  given  true  dtstanee. 

For  an  example,  see  No.  857,  p.  297. 

To  compute  a  Term,  approzinuUefy*  Multiply  together  the  approx. 
interval  in  hours  and  tenths,  its  compl.  to  3**,  the  diff.  of  the  prop.  logs,  above 
(attending  to  the  decimal  point),  and  1400. 

Ex.    Approx.  interval,  i^  ic",  diff.  prop.  logs.  64 ; 
then  1*1  X  1*8  X  0*0064  x  1400  »  19*,  the  required  term. 

Table  58.  The  Error  of  the  Ship*s  Place  and  of  the  Longitude 
IN  Time,  corresponding  to  an  error  of  T  in  the  Lunar  Distance. 

The  Table  is  entered  with  the  Latitude  at  the  top,  and  the  Prop.  Log. 
against  the  lunar  dist.  in  the  Nautieal  Almanac  at  the  side. 

Ex.     Lat.  50°,  prop.  log.  9800 ;  an  error  of  i'  in  the  lunar  diat.  will  cause  an  error  ol 
19  miles  in  the  ship's  place,  in  Departure,  and  2'"  o«  kruor  ov  long,  in  timb. 

Since  it  is  the  actual  distance  of  the  ship  from  the  shore  that  we  are 
concerned  with  at  sea,  rather  than  the  nominal  diff.  of  long.,  this  Table  will 
afford  a  useful  check  on  the  supposed  place  of  the  ship  in  making  the  land 
by  a  lunar  observation. 

The  error  of  long,  in  time  is  also  the  error  of  the  G.  M.  Time,  as  deter- 
mined by  a  lunar  observation. 

To  comptUe  a  Term*  Divide  2700  by  the  8- hourly  change  in  minutes; 
the  quotient  is  the  error  in  min.  of  long,  in  arc  at  the  equator.  For  any 
particular  latitude  see  No.  807,  p.  97. 


TABLES  FOR  DETERMINING  THE  VARIATION  OF  THE 

COMPASS. 

These  Tables  are  employed  in  Chapter  VIII.  p.  308. 

Table  59.   Amplitudes. 

The  Table  shews  the  True  Amplitude  of  the  sun  (or  of  any  other  celes- 
tial body,  having  the  same  declination),  at  rising  or  setting.  It  is  entered 
with  the  Decl.  at  the  top  and  the  Lat  at  the  side. 

To  find  the  Amplitude  by  tlie  Traverse  Tables.     With  0  and  the  lat 
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find  M.    With  M  as  Dist.,  and  the  Decl.  as  Coarse,  find  the  Dep.     Witii 
iOO  as  Dist.  and  this  Dep.  find  the  Coarse. 

By  Computation,  To  the  log.  sec.  of  the  lat  add  the  log.  sine  of  the 
Dediu. ;  the  sum  is  the  log.  sine  of  the  amplitude. 

Ei.    Lat  if^  Ded.  13^:  find  the  Amplitade. 

Lat.    17^0'       see.  0*0194 

DecL  13  o        sine  9*5919 

Amplitudb,  24®  /     sin.  9*6113 

Tablb  59  A.  Correction  op  the  Observed  Amplitude. 

The  Table  shews  the  Change  produced  on  the  Amplitude  by  the  joint 
effect  of  the  refraction  at  the  horizon  (assumed  as  38'),  and  the  height  of  the 
eye,  supposed  16  feet.     An  example  is  given  in  No.  886,  p.  809. 

To  find  the  correction  for  any  other  height  of  the  eye.  To  83'  add  the 
Dip,  multiply  the  sum  by  the  correction  in  the  Table,  and  divide  by  37 ; 
the  quotient  is  the  correction  required. 

Ex.    Lat  55®,  ded.  13°,  height  of  the  ejre  100  feet;  33  and  10  are  43,  which,  multiplied 
07  1*4  and  then  divided  by  37,  gives  1^*6,  the  comRKcnoN  required. 


TABLES  TO  SUPPLY  THE  PLACE  OF  THE  NAUTICAL 

ALMANAC. 

These  Tables  which  afford  for  several  years  approximate  values 
of  the  quantities  contained  in  them,  are  usefal  on  various  occasions, 
and  may  serve  for  the  ordinary  purposes  of  navigation.  But  when 
much  accuracy  is  required,  and  wnenever  the  moon  is  employed, 
recourse  must  be  had  to  the  Nautical  Almanac. 

Table  60.    Declivatioh  of  the  Sun. 

The  Table  contains  the  Declination  for  each  day  of  the  years  1877,  78, 
79,  and  80,  to  the  nearest  minute. 

Table  60  A.     Correction  of  the  Sun's  Declination  in  Table  60, 

FOR  THE  Years  following  1877,  &c. 

The  Table  contains  the  Corrections  by  which  the  declination  for  any 
day  on  one  of  the  four  years  enumerated  may  be  converted  into  that  for 
the  same  day  on  any  year  till  1904. 

When  the  declination  is  increasing^  add  the  correction;  when  de^ 
creasing^  subtract  it. 


Ex.  1.   Feb.  3d,  1882,  find  the  Sun's 
dedin. 

1 88a  enswers  to  1878 

1878  Feb.  3d  i6*»  28'  S.  {deer.) 

Corr.  o''6,  or        — i 

DscLiN.req.    16  27  S. 


Ex.  2.    Sept.  27th,  1888,  find  the  Siin'a 
declin. 

1888  anBwera  to  1880 

1880,  Sept.  27th         i^  53^  S.  (flier.) 
Corr.  i'-4  1 

Decliit.  rcq.     I   54  S. 
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If  the  correction  wheo  subtractive  exceed  the  declination  itself,  take  the 
less  from  the  greater,  and  consider  the  remainder  as  the  declination  requiredi 
and  of  the  contrary  name  to  that  given. 

The  correction  is  additive  when  the  declination  is  increasing,  and  sub- 
tractive  when  decreasing,  thus  changing  from  one  to  the  other  at  the  equi- 
noxes and  solstices. 

To  compute  this  Correction  for  reducing  approximately  the  declination 
of  the  sun  for  any  year,  by  means  of  the  declination  for  any  four  .successive 
years,  the  following  rule  is  given  by  Mackay,  in  his  Complete  Navigator. 

Note  the  number  of  fours  necessary  to  reduce  the  proposed  year  to  one 
of  the  years  in  the  table. 

Take  the  difference  of  the  declination  (for  the  year  thus  found),  to  the 
given  and  following  days.  Multiply  this  difference  by  the  number  of  fours, 
and  divide  by  33 ;  the  quotient  is  the  correction  required,  in  minutes. 

Ex.    (1.  above.)    jS82  reduced  by  fours  gives  1S78,  the  nnmber  of  four*  being  i. 
The  daily  diff.  of  the  decl.  on  the  3d  and  4th  is  18,  which  multiplied  by  i  is  1%;  this 
divided  by  33  gives  about  I',  the  goer,  required  to  be  tubtraeted. 

Since,  at  the  equinoxes  the  correction  changes  suddenly  from  additive  to 
subtractive,  or  from  sub.  to  add,^  and  since  applying  it  wrongly  would  cause 
an  error  of  double  the  amount  of  the  correction,  it  is  advisable,  in  case  of 
doubt,  to  find  the  declin.  for  some  days  before  the  equinox,  and  to  subtract 
from  it  the  daily  variation,  which  at  this  season  varies  uniformly  for 
several  days. 

Table  61.    Apparent  Right  Ascension  of  the  Son. 

The  Table  contains  the  apparent  or  actual  Right  Ascension  of  the  Sun 
for  the  years  1877,  78,  79,  and  80,  to  the  nearest  minute.  The  Right 
Ascension  under  each  year  serves  very  nearly  for  every  succeeding  4th 
year,  and  may  be  corrected  approximately  by  adding  1"  in  33  years. 

Tablic  62.     The  Equation  of  Time. 

The  Table  contains  the  Equation  of  Time  for  1877,  78, 79,  and  80,  to  the 
nearest  second.  The  Equation  for  each  year  will  serve  very  well  for  common 
purposes  for  the  4th  or  8th  year  afterwards.  The  error  will  be  greatest 
from  the  latter  end  of  May  to  the  middle  of  July,  when  it  may  amount  to 
2*  or  3*  in  a  period  of  4  years,  or  about  7'  in  four  or  five  such  periods. 
Towards  the  beginning  or  end  of  the  year  the  error  will  not  much  exceed  2* 
or  3*,  even  for  a  considerable  number  of  years. 

Table  63.     Mean  Places  of  the  Principal  Fixed  Stars. 

The  Table  contains  the  mean  places  of  fifty-five  stars,  for  the  1st  of 
January,  1878.  The  mean  places  may  be  reduced  for  any  subsequent  year 
by  applying,  as  directed  in  the  Table,  the  annual  variation  in  right  ascension 
and  in  declination,  multiplied  by  the  number  of  years  exceeding  1878. 

To  find  the  place  for  any  year  prior  to  1878,  the  variation  must  be 
applied  the  contrary  way  to  that  directed. 

The  right  ascension  and  declination  of  every  star  change  during  the 
year.  The  change  of  right  ascension  is,  for  most  of  the  stars  in  the  Table, 
between  4*  and  6* ;  that  of  declination  between  15"  and  40".  Among  the 
stars  which  change  their  right  ascension  least  are  Spica,  and  «  Cygniy  the 
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ebaoge  being  between  2*  and  5*.  The  fttars  Capdla*  m  Pavonia,  and  m 
Triang.  Austr.,  change  their  right  ascensioD  about  7*,  8%  and  10*,  respectively, 
during  the  year.  These  stars  are  therefore  less  favourable  than  others  for 
finding  the  latitude  by  double  altitude,  or  the  time.  The  star  u  Crucis 
changes  its  declination  |  of  1'  from  one  part  of  the  year  to  anofher.  The 
variation  of  the  right  ascension  of  Polaris  amounts  to  nearly  2™ ;  that  of 
deciinatioQ  to  about  T.  On  these  grounde  the  declinations  ere  «oted  to  the 
nearest  minute  only. 

As  the  variations  of  right  ascension  occupy  several  months,  their  efieoU 
would  not  be  sensible  in  rating  a  chronometer  by  the  method,  No.  821. 

As  the  stars  are  given  in  this  Table  for  the  purpose  of  finding  the  lati- 
tude or  time  in  different  parts  of  the  world  at  any  hour  of  the  night,  they 
are  selected  nearly  equally  from  all  parts  of  the  heavens,  and  the  list  docs 
not  necessarily  include  all  9tars  above,  or  exclode  all  stars  below,  any  par- 
ticular magnitude, 

The  figures  1,  2,  S^  indicate  the  first  (or  largest),  second,  and  third 
magnitudes.  The  figures  1,  2,  denote  a  magnitude  between  the  1st  and  2d ; 
and  the  figures  2,  8,  a  magnitude  intermediate  between  the  2il  and  %A.* 


LOGARITHMS 

These  Tables  are  used  in  those  parts  of  the  several  comDiitfttions 
which  are  effected  by  logmrithme.  The  more  general  tables  stand 
first,  and  the  others  follow  nearly  in  the  order  already  observed. 

Table  64.    Logabithms  of  NnitBERS. 

The  Table  contains  the  logs,  of  numbers  from  1  to  9999,  to  six  places, 
vith  differences  and  proportional  parts. 

The  diffl  D.  b  the  mean  of  the  difis.  between  each  log.  and  the  suc- 
ceeding one  in  the  same  line  ;  and  is  near  enough  for  most  cases. 

I.  Dtreci process  ;  to  find  the  logarithm  of  a  given  number. 

1.  To  find  the  logarithm  to  any  number  consisting  of  two  or  three  fig\irca 
Look  for  the  number  at  the  side,  and  take  out  the  log.  against  it.  Thus,  the 
log.  of717is855519.t 

2.  To  find  the  logarithm  of  a  number  consisting  of  four  figures.  Look 
for  the  three  first  figures  at  the  side,  and  the  fburtfa  ^i  the  top ;  thus,  the 
log.  of  7176  is  855882. 

8.  To  find  the  logarithm  of  a  number  consisting  of  more  than  fonr 
figures.  Find  the  log.  of  the  first  four  figures ;  find  the  diffl  D.  in  the  lower 
part  of  the  Table,  in  column  D,  and  against  it,  under  the  5th  figure  (or  6th, 
if  required),  are  tiie  parts,  which  add. 

Aroit.—Ob8erve  to  set  down  tfaeparti  oonreotlj,  eanying  those  for  tbeCtili figure  oneplaoe 
to  the  right  of  the  parts  above  them,  as  a  mistake  freqnently  occurs  here. 

*  Sir  John  Henchd  having,  soon  after  the  appearance  of  this  work,  &vonred  me  with  a 
eommnnication  respecting  the  magnitades  or  rdative  hrilliancj  of  the  stars,  to  which  that 
distinguished  astronomer  has  paid  particnlar  attention,  I  have  altered  the  numbers  marked 
sgainit  several  of  the  stan  in  the  first  edition. 

t  This,  however,  is  only  part  of  the  complete  Ipgarittim,  as  sdapted  to  the  poiposss  of 
oompwtatk^n  bj  logarithms,  and  requires  the  m<2Mr.    See  Nos.  67  and  58«  ^  18. 
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Ex.  1.    (Fh9  figs.)    Find  tbe  log.  of  Ex.  2.    (SUs  flgi.)    Find  tiM  log.  of 

16574.  165748. 

2657  log.                           4M39*  ^*  1^4  S657  log.  4H39S    I^*  '^4 

Against  D.  164,  under  4  66  4  rparts  66}  66 

Log.  req.  42445S  «  (P«t8  131  +  10) ij 

Loo.  raq.  42447' 

IL  Inverse  Process  ;  to  find  the  number  coiresponding  to  a  given  log. 

1.  When  the  natural  number  is  not  required  to  consist  of  more  than  four 
figures,  it  is  taken  out  at  once.  ^ 

Ex.    Given  the  log.  645820,  raqwred  the  nstoral  number. 

The  nearest  log.  in  the  Table  is  645815 ;  the  figures  at  the  side  are  442,  annexing  to 
which  that  at  the  top,  or  4,  gives  44149  the  numbbr  required. 

The  placing  of  the  decimal  point  is  directed  in  No.  59,  p.  18. 

2.  When  the  Number  is  to  consist  of  five  figures.  Take  out  the  next 
less  log.  to  the  one  given,  and  note  down  the  four  figures  of  the  corre- 
sponding number.     Note  the  diff.  D. 

Subtract  this  next  less  log.  from  the  given  one,  and  look  for  the  re- 
mainder among  the  parts  standing  against  D,  in  the  lower  part  of  the  Table ; 
note  the  figure  at  the  top  under  which  the  remainder  is  found,  and  add  it  to 
the  four  taken  out. 

8.  When  the  Number  is  to  consist  of  six  figures,  the  more  direct  and  ac- 
curate method  is  to  take  the  difi*.  between  the  given  log.  and  the  next  less  in 
the  Table,  annex  2  ciphers,  and  divide  by  the  diff.  between  the  next  less  and 
the  next  greater ;  the  quotient  is  the  number  of  figures  to  be  annexed  to  the 
natural  number,  answering  to  the  next  less  log. 

The  placing  of  the  decimal  point  is  directed  in  No.  59,  p.  18. 


Ex.  1.    (Hm  figs.)  Find  the  No.  to 
the  log.  434471. 

Given  414471 

Next  less  (1657)  414391     D.  164 

Rem.  79 

5th  fig.  4,  next  less  66 

Numb.  req.  1^574 


Ex.  2.    {8i*  figs.)  Find  the  No.  to 
the  log.  414471. 

Given  log.  4144-71 

Next  less  (1657)  414391    79 

Next  greater  414555  '^3 

Then  7900  •«-  hj  163,  gives  48,  and  tht 
numb.  req.  is  165748. 


Table  65.    Loo.  Sines,  Cosines,  &c.  to  Quarter  Points. 

These  quantities  are  convenient  in  working  by  logarithms  some  of  the 
problems  in  the  chapter  on  the  Sailings,  p.  82. 


Table  66.    Loo  Sines  of  Small  Arcs  to  each  Second. 

The  Table  contains  the  log.  sines  from  0  to  1^  SCK  (or  log.  cosines  from 
88^  8(K  to  90°),  to  each  second.  Five  places  are  given  as  far  as  1®  and  six 
beyond.* 

The  Table  is  applicable  to  log.  tangents,  thus ;  to  find  the  log.  tan.  add 
the  log.  sec.  to  the  log.  sine ;  to  find  the  arc  to  a  given  log.  tan.,  find  it  as 
for  a  sine,  subtract  from  the  given  log.  the  log.  sec,  and  consider  the  rem. 
as  a  sine. 

For  lOths  of  seconds  proceed  by  proportion,  or,  in  very  small  arcs,  as 
directed  for  proportional  logarithms.  The  last  method  is  true  in  the  5th 
place  for  arcs  under  5*. 

*  The  syniM  —  00,  at  0,  denoting  tiie  kg.  of  the  arc  0,  to  he  infinite  and  negatire,  has 
no  practical  ^tpliosAunu 
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Table  67.    Loo.  Sines  of  Small  Abcs  to  Ten  Seconds. 

The  Table  contains  the  log.  sines  from  1°  30'  to  4^  30'  (or  the  log 
cosines  from  85^  30'  to  88''  30*),  to  each  10",  with  parts  for  single  seconds. 

The  parts  are  true  for  each  2'  and  7'  in  the  units'  place  of  the  arc,  and 
Tery  nearly  for  others,  as  the  parts  under  82'  serve  from  1°  80*  to  1°  35', 
and  those  under  87',  from  1**  35'  to  1®  39'.  The  error  of  using  one  column 
for  the  next  will  rarely  amount  to  half  a  second. 

The  parts  for  the  log.  cos.  are  to  be  taken  as  for  the  sme  of  the  compl.  of 
tlie  arc;  thus,  the  parts  for  cos.  of  87°  42',  being  those  for  sine  of  2°  17' 
are  found  under  17'. 

Direct  Process,  Fmd  the  sine  or  cos.  for  the  next  less  10",  add  the  parts 
for  the  sine,  mhtrad  those  for  the  cosine. 

Ex.  1.  The  log.  niM  of  i^  %%'  yf'  ii  8-617417  for  2^  22'  30^,  oidSiy  the  parto  under 
22' for  7",  or  356,  which  gives  S*6i7773.  The  log.  00s.  of  87®  46'  14"  is  8*590181  for 
87^  46'  10^,  dedmetmg  218  (the  parts  for  4^"  under  12"),  or  8-589963. 

Inverse  Process.  For  the  sine  look  for  the  next  less ;  for  the  cosine  look 
for  the  next  greater;  note  the  deg.,  min.,  and  10". 

Take  the  diff.  between  the  sine  or  cos.  taken  out  and  the  giyen  one 
look  for  it  in  the  col.  of  parts ;  take  out  the  corresponding  seconds  and  add 
them. 


Ex.  1.     Ffaid  the  are  to  the  log.  sine 
8-508462. 

Giren         8*508462 
An  i*»  51/  50"       Next  less    8*508321 

2        Pts,  at  32'  141 

Aacreq.  i   50  52 


Ex.  2.    Fmd  the  arc  to  the  log.  cosine 
8*758561. 

Given         8*758561 
Arc  86*  42' 40"  Nextgr.    8-758688 

3     Pts.  at  1/  127 

ARoreq.  86°  42  43 


For  extreme  precision  proceed  by  proportion. 

The  Table  is  used  for  tangents  by  the  rules  in  expl.  Table  66. 

Table  68.    Logarithmic  Sinks,  Cosines,  Tangents,  Cotangents, 

Secants,  and  Cosecants. 

The  Table  contams  the  terms  to  half-minutes,  and  to  six  places. 

The  second  column  and  the  last  but  one  contain  a  time  scale,  cor- 
responding to  the  upper  and  lower  degree ;  thus  73^  88'  80^  corresponds 
to  4^  54*  14*.  This  scale  is  yery  convenient  for  converting  arc  and  time, 
but  it  is  introduced  to  suit  those  rules  in  which  the  time  itself  is  an  argu- 
ment 

The  parts  for  each  second  are  given,  beyond  9^ ;  from  4^  to  9^,  to  each 
10^;  but  under  4^  the  variation  is  to6  rapid  for  their  insertion,  and  recourse 
will  be  had  for  precision  to  Tables  66  and  67.  The  parts  are  true  for  the 
middle  term  of  the  argument ;  thus,  the  parts  from  20°  dO'  to  20°  45',  are 
true  for  20°  87' J,  and  approximate  for  the  rest,  but  the  inaccuracy  in  tha 
extreme  case  corresponds  only  to  ^  of  1". 

It  is,  of  course,  the  more  correct  way  to  take  the  parts  with  reference  to 
the  nearesi  term,  and  to  apply  them  accordingly ;  thus,  to  find  the  sine  of 
r  4(/  28",  find  it  for  9°  40^  80",  and  subtract  the  parts  for  2". 

*  The  diff.  D.,  in  the  earlj  portion  (inserted  merely  for  nniformiM,  is  not  that  of 
two  oonsecntive  terms,  bnt  corresponds  to  Ao^^the  tabular  interval  on  both  sides  of  a  term. 
Iliis  is  done  to  avoid  breaking  the  oontinnitj  of  tiie  horizontal  lines,  which  mast  ocoor 
whsB  actual  diffs.  are  eihibited,  and  is  teasing  to  the  eye. 
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For  greater  accuracy  proceed  by  proportion. 

Direct  Process,  When  the  given  angle  is  less  than  45^,  its  log.  sine,  &e 
are  taken  from  the  top ;  when  greater  than  45^«  from  the  bottom ;  thus,  the 
log.  sine  of  28^  IT  is  9  675624;  the  log.  sine  of  84''  3'  is  9-997654.  In 
like  manner,  the  log.  sine  9*452060  corresponds  to  the  arc  16^  27',  the 
cotangent  9-477 14  to  the  arc  73°  18'. 

The  log.  sine  of  an  angle  is  the  log.  cosine  of  the  complement  of  the 
angle  to  90°,  whether  in  excess  or  defect;  so,  likewise,  the  log.  cosine  is  the 
log.  sine  of  the  complement ;  and  the  like  holds  of  the  tangent  and  cotan- 
gent, secant  and  cosecant 

When  the  given  angle  exceeds  90°,  find  the  log.  sine,  tangent,  or  secant, 
for  the  supplement  to  180°.  But  it  is  generally  easier  to  find  the  log.  co- 
sine, CO- tangent,  and  co-secant,  for  the  excess  above  90°. 

Bz.  1.    The  log.  sine  of  127°  50'  is  the  log.  Bine  of  52^  10',  or  the  log.  oos.  of  37^  501', 
which  is  9*897516. 

Ex.  2.    The  log.  cos.  of  163°  49'  is  the  log.  cos.  of  16^  11',  or  the  log.  sine  of  73®  49', 
which  is  9*992441. 

Ex.  3.    The  log.  oosec.  of  97^  4'  b  the  log.  ooseo.  of  82^  56^,  or  (lie  log.  see.  of  7°  4', 
which,  ia  0*003312. 

In  like  manner  tP  find  the  log.  co-sine,  co-tangent,  or  co-secant,  of  aa 
arc  above  90°,  take  out  the  log.  sine,  tangent,  or  secant,  of  the  excess  above 
90°. 

To  find  the  log.  sine,  &c.  of  an  arc  given  to  seconds.  Find  the  log.  sine 
(or  cosine,  &c.)  for  the  next  less  minute  or  half-minute ;  take  out  the  parts 
for  the  seconds,  or  for  the  excess  above  30". 

For  the  sine,  tangent,  and  secant,  add  the  parts. 

For  the  co-sine,  co-tangent,  and  co-secant,  subtract  them. 


Ex.  1.    Find  the  bg.  sine  of  5 3®  25'  1 3". 

53*25'    o"aine  9*904711 

13    partg  ■¥  20 

Loo.  SINS  req.         9*904731 

Ex.  2.    Find  the  log.  tan.  of  11°  19'  54". 

11®  19'  30"  tan.  9*301624 

24   parts  -¥  262 

Loo.  TAN.  req.         9*301886 

Ea.  3b    Find  the  log.  aec.  of  38*^42'  46". 

38®  42' 30"  0*107716 

16   parts  -f  27 

Loo.  sac.  req.         0*107743 


Ex.  4.  Find  the  log.  oodne  of  72^  10'  45^. 

72®  lo'  30''  9*485879 

15    parti  —98 

Loo.  cos.  req^  9-485781 

Ex.5.  FindtheIog.ootang. of84*3'22'. 

84°  3'   o*  cot  9*017959 

20   paita4o8^       _^^ 


4U 


Loo.  COTANG.  Wf^    9*017510 

Ex.  6.  Find  tiielog. oosee.  of  68*  14'  ii". 

68^  14'   o^  oosec        0*032124 
II   parts  —  9 

Loo.  cosxo.  leq.     0*032115 

In  working  to  five  places,  the  last  figure  of  the  parts  must  be  dropped, 
the  remainder  being  increased  by  1  when  the  figure  dropped  exceeds  5. 

In  working  to  1*  of  time,  the  parts  for  15''  are  to  be  employed.  In  the 
earlier  part  of  the  Table,  halft\\e  D.  fbr  SO''  may  be  conveniently  employed. 

It  is  convenient  in  dealing  with  parts  of  contrary  application,  to  mark 
those  additive  with  +>  and  subtractive  with  —  ;  to  sum  each  kind  sepa- 
rately ;  and  to  take  the  difi;  of  the  two  sums,  marking  it  with  the  sign  of 
the  greater.  An  example  will  be  found,  p.  264,  top,  the  parts  are,  -f  18, 
+  5,—  97,  and  +  35 ;  the  sum  of  the  -h  q^es^  is  +  58,  then  the  difference 
between  58  and  97  is  39,  to  be  marked  ^-isC  or  subtractive. 

Inverse  Process,  To  find  the  Arc,  to  seconds,  corresponding  to  a  given 
log.  sine,  &c. : 
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For  the  sine,  tangent,  or  secant,  take  out  the  next  test ;  for  the  oo-sine, 
co-tangent,  or  co-secant,  take  out  the  next  greater  ;  and  note  the  degree  and 
minute,  or  half-minute,  of  the  quantity  thus  taken  out. 

Take  the  diff.  between  this  quantity  and  the  given  one ;  find  the  remainder 
in  the  column  of  Parts ;  take  out  the  seconds  corresponding  and  add  them 
to  the  arc  noted. 

Ex.  L    Find  ^  arc  to  tte  log.  liiie 
9*1(0470. 

GiTen         9*202470 
9®  lo'  o"      Next  kn       2oa»34 

18  Rem.        236 

Arc  raq.  9  10  18  Aao.  req,.  37  47  8 

When  the  parts  are  not  given  for  seconds  beyond  10  (as  for  the  log.  sine 
and  tang,  from  4^  to  8^),  if  the  remainder  exceeds  the  parts  given,  take 
away  the  parts  for  10^  or  20";  add  10"  or  20"  accordingly,  and  also  the 
seconds  corresponding  to  thia  last  remainder. 


Ex.  9.    Find  the  aro  to  the 
9*897796. 

Given  9*897796 

37*  47*  el"      Next  gr.        897810 

8  Ren.  14 


Ex.  1.    Find  the  arc  to  tbe  log.  tangent 
9*117945. 

Given  9'»7945 

7^38*30*'      Next  less       127651 

294 
10  PartB  x6o 

8  Rem.  134 


iacreq.  7  38  48 


Ex.  2.    Find  the  arc  to  the  log.  coaee. 
10*881005. 

Given        10*881005 

7®  3  3'  o"      Next  gr.        881433 

428 
20  Plurta  318 

7  Rem.  110 


Ajlc  req.  7   33  27 


Wlien  greater  precision  than  that  afforded  by  the  parts  is  required,  the 
log.  sine,  &e.,  or  the  are,  may  be  found  by  means  of  the  proportional  part  of 
the  II iff.  between  two  terms,  or  for  SO''. 

The  log.  cosec.  is  the  arith.  compl.  of  the  log.  sine. 

The  log.  cotan.  is  the  ar.  co.  of  the  log.  tan. 

The  log.  sec.  is  the  ar.  co.  of  the  log.  cosine. 

The  log.  tan.  is  the  sum  of  the  log.  sine  and  log.  secant ;  thus  all  may  be 
obtained  from  the  log.  sine. 

Table  69.    Log.  Sins  Squarb. 

The  title  is  an  abbreviation  of  Ms  logarithm  of  the  square  €fihe  sine  ^ 
half  the  are.  The  log.  sine  square  is  given  to  each  15"  of  arc  or  1*  of  time« 
Id  order  to  lessen  the  bulk  of  the  table,  the  index,  and  one  or  two  figures,  are 
taken  up  at  the  head  of  the  coliinm,  unless  these  figures  change,  when  the 
whole  is  given  in  full.  Five  places  only  are  inserted  as  far  as  0^  44">,  and 
pix  afterwaidsb 

Each  column  contains  15',  or  !"■ ;  the  minutes  and  quarters  (of  arc), 
abova  the  next  less  15',  are  given  on  the  left*hand  side,  and  the  seconds  or 
time  on  the  right  Thus  the  log.  sine  square  of  lid""  37'  15',  or  9-955473, 
ii  found  under  U3'^  SO'  and  against  T  15",  and  corresponds  to  Qi"  34'*  29* 

The  parts  for  seconds,  when  not  the  same  for  the  whole  page,  are  given 
for  the  fitst  and  last  columns ;  ports  for  intermediate  columns  are  th^efore 
between  the  given  parts. 

I.  Direct  Pfwteas.  To  find  the  log.  sine  square  of  an  arc  to  the  nearest 
s^emd.  Take  the  log*  sin.  sq.  for  the  next  less  15",  and  add  the  parts  for 
tJto  seconds. 

To  find  the  log.  sine  square  for  the  tenth  f/a  eeetmd  cftime,    Coostdei 
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the  tenths  as  seconds  of  arc,  take  out  the  part^,  increase  them  by  half,  and 
add  the  sum  to  the  log.  sine  square  of  the  whole  second. 


Ex.  1.     Find  the   log.    sine   square  of 
38^ii'2»". 

38*  1 1'  15"  9*029400 

7  pwts      43 

Loo.  SIN.  sd.  req.         9*029443 


Ex.  2.    Find  the  log.  sine  sq[iisra  of 

3*  4*"  57;-3- 

3»»  42"  57*  9' 3394^* 

parti  to  3",  12,  12  +  6  •■  ft 

Loo.  SIN.  so.  req.     9*339484 


The  log.  sine  square  to  seconds  in  the  early  part  of  the  Table,  where,  on 
account  of  the  great  and  irregular  variation,  no  parts  are  given,  is  found  by 
proportion. 


Et.    Find  the  log.  sine  square  of  i^  36'  4^*. 

i^Z^'  o"  6-28991 

I    36  15  29217 

diff.  226 


Then'i5:226  ::  4:60,  thepaits,  and  the 
LOO.  SINS  sdUARB  reqoired  is  6*29051. 


2.  Inverse  Process,  To  find  the  arc,  to  I'',  corresponding  to  a  given  log. 
sine  square.  From  the  given  log.  sine  square  subtract  the  next  less  in  the 
Table,  to  which  take  out  the  arc,  noting  it  down. 

Find  the  seconds  at  the  bottom  corresponding  to  the  difference,  and  add 
them  to  the  arc. 

Ex.    Find  the  arc,  to  x",  corresponding  to  9*029443. 

Next  lees  9*029400,  are  38°  ix'  15''  43  at  D.  90  gives  7^,  which  added  to 

gjven  *029443  38®  1 1'  15"  give  the  arc  reqiiired,38°  1 1'  22*. 

diir.  43 

Tu  find  the  time,  to  the  tenth  of  a  second,  corresponding  to  a  given  log. 
sine  square. 

Find  the  time  corresponding  to  the  next  less  log.  sine  square  in  the  table. 
Take  the  diff.  between  the  given  and  the  next  less  logs.  Find  this  diff.  among 
the  parts ;  take  out  the  seconds  of  arc  corresponding,  and  subtract  from  it'  ]-3d 
of  itself.  The  rem.  is  the  number  of  tenths,  to  be  added  to  the  time  of  the 
next  less. 

The  above  is  correct  enough  for  common  practice,  but  for  greater  pre- 
cision the  difference  between  two  terms  must  be  employed,  and  the  result 
deduced  by  proportion. 

To  comptUe  a  Term.    Take  the  log.  sine  of  half  the  arc  and  double  it 

Table  70.    Logarithms  for  computino  tbb  Reduction  to  the 

Meridian  at  Sea. 

The  Table  is  entered  with  the  Declination  at  the  top  and  the  Latitude  at 
the  side.     The  cases  omitted  are  not  eligible.     See  p.  232. 

Thft^cases  which  appear  above  the  vacant  spaces  in  Part  L  are  those  in 
which  the  body  passes  the  meridian  between  the  pole  and  the  senith ;  those 
below  the  spaces  are  the  more  common  cases,  or  those  which  occur  between 
the  tropics  and  the  arctic  circles. 

To  compute  a  Term.  Add  together  0*30 103,  the  log.  cosines  of  the  lat 
and  decl.,  and  the  log.  sec  of  the  meridian  altitude. 

The  process  of  computing  the  jneridian  alt.  may  be  avoided  thus :  when 
the  lat.  and  decl.  are  of  the  same  name,  employ  the  log.  cosec  of  their 
difference  (unless  the  body  is  below  the  pole,  when  employ  the  cosce.  ol 
their  sum),  when  of  contrary  names,  the  cosec.  of  their  sum. 
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Es.  I.     (Same  namt,)  Lat  9°  N., 
DecLiy^^N. 

0*3010 

Lat      9®  CO6.  9'9946 

DecL  17  COS.  9*9806 

Diff.     8  oosec.  0-8564 

Loo.  required  1*1326 


Ex.  2.    (Cbn/rfff^  names.)    Lat.  90°  M., 
Dccl.  17°  S. 

0*3010 
Lat      9°  eos.      9*994^ 

Ded.   17  COS.      9*9806 

Sum    26  coscc.   0*3582 

Loo.  required  ^'^344 


When  the  lat,  exceeds  62^  or  the  decL  exceeds  23%  the  logarithm  must 
be  computed. 


Table  71.    Logarithms  for  computing  the  Correction  of  the 

Latitude  by  Account. 

The  Table  is  entered  with  the  two  Azimuths,  either  of  the  same  body  at 
differeDt  times,  or  of  two  different  bodies.     See  No.  752  (7),  p.  247. 

The  cases  omitted  are  not  eligible. 

Part  I.  is  used  when  both  altitudes  are  taken  on  the  same  side  both  of 
the  meridian  and  prime  vertical,  and  Part  II.  when  on  different  sides  of  either 
of  these  circles. 

To  compute  the  Log.  for  Part  L  To  8*8239  add  the  log.  cosecants  of 
the  azimuths,  and  the  log.  ^ine  of  their  difference. 

For  Part  IL  To  8  8239  add  the  log.  cosecants  of  the  azimuths,  and 
the  log.  sine  of  their  sum» 


Ex.  1.    Azimuths   S.   70**  W.  sad  8. 
ii^W.  (or  aoiM  side). 


Ex.  2.  Azimuths  S.  70*^  W.  and  $^ 
ii*»  E.,  or  N.  70^  W.  and  S.  ii«  W.  (or 
difitrent  sides). 


8*8239 

S'8239 

Az.    70®         oosec. 

0*0270 

Az.     70®         cosec. 

0-0270 

Az.    1 1           oosec. 

0*7194 

Az.     II           cosec 

0*7194 

Biff.   59           rin. 

9*9331 

Sum  81           sin. 

9.9946 

Loo.  required 

9"S034 

Loo.  required 

9*5649 

Fable  72.  Logarithms  for  computing  the  Equation  of  Equal 

Altitudes. 

These  are  given  to  each  10».     See  No.  806  (4),  p.  272. 

To  compute  Log.  A  To  3*28534  add  the  log.  of  the  interval  (in  seconds 
of  time),  and  the  log.  cosec  of  half  the  interval ;  take  the  arith.  compl.  of 
the  sum. 

To  compute  Log.  B.  To  3*28534  add  the  log.  of  the  interval  (in  seconds), 
and  the  log.  cot  of  half  the  interval ;  take  the  arith.  compl.  of  the  sum. 


Ex.    I  itenral  4^  30".    Compute  the  logs.  A.  and  B. 

3*28534 
4>  )o"  n  16200"  log;  4*20951 
2  15  cosec  0*25526 

7*75011 


Loo.  A.  2*24990 


2*15"  cot 


•3*28534 
4*20951 
0*17511 

7*66996 


Loo.  B.       2*3300 


Table  73.   The  Logarithmic  Difference. 

This  quantity  is  given  for  Fahrenheit^  thermometer  at  50^  and  (he 
Barometer  at  30  inches. 

The  Table  is  entered  like  Table  39.  The  parts  for  "  of  parallax  and 
for '  of  alt.  are  applied  as  directed  in  the  Table« 

B  B 
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IXPLANATION  OF  THB  TABLK8. 


The  parts  for  the  sun's  or  star's  alt.  are  given  at  the  bottom. 

To  correct  the  log.  diff.  for  any  other  height  of  the  therraotneter  and 
barometer  than  those  given  in  the  Table.  Find  the  correction  of  the  mean 
refraction  for  each  body  by  Tables  32  and  83. 

With  the  moon's  alt.  and  her  atmospherical  correction,  thus  found,  as 
seconds  of  parallax,  take  out  the  parts. 

With  the  sun's  (or  star's)  alt.  as  the  moon's  alt.,  and  his  atmospher.  eorr. 
as  seconds  of  parallax,  take  out  the  parts. 

When  the  atmospherical  correction  is  -f ,  add  the  parts  to  the  mean  or 
ordinary  log.  diff.;  when  — ,  subtrcict  them. 


Ex.    (Mean  state.)    >  's  app.  alt  17°  iS'; 
bor.  par.  60' 43";  ©'s  alt.  10'' 20'. 

27°  10'  and  60'  9*996721 

8'  parts  —17  J 
42*  -42 } 

©  io«  —  8)  —67 

Required  Loo.  difv.    9'996654 


Ex.    The  same  corrected  for  bar.  29*2, 
and  therm.  84^. 

Mean  log.  diff.  9*996721 

pts.  —67^ 
J  Th.  84®  -8*' 

Bar.  29*2         —3 

>  Atmos.  conr.  —11 

©  Th.  84°  —20 

Bar.  29*2       —  9 

©  Atmos.  corr.  ^29 


—II 


—  II 


-89 


Loo.  DIFF.      9-996632 

W^hen  a  planet  is  employed,  consider  it  as  a  star,  and  its  horizontal 
parallax  as  seconds  of  moon's  parallax.  With  its  alt.  take  out  the  parts  and 
iubtraci  them. 

To  compute  the  Log,  Diff.  Add  together  the  log.  secants  of  the  app. 
alts ,  and  the  log.  cosines  of  the  true  alts. ;  the  sum  is  the  log.  diff. 

Ex.     >  A.  Alt  27®  iS',  Hor.  Par.  60'  42".     ©  A.  Alt.  10''  20':  required  the  Log  Diff. 
for  the  mean  state  of  the  atmosphere,  as  also  for  the  therm.  84^1  and  barom.  29*2  in. 


MeanState^ 

C 

orrected 

forTl 

leniL.  and  Barom. 

> 

27*  18* 

0"      sec. 

0*051285 

> 

27*  18' 

0" 

see.        0*051285 

+  5» 

5 

^^^ 

16 

28    10 

5           COS. 

9*945*55 

28   10 

16 

«•-        9'945*4J 

0 

10  20 

0        sec. 

0*007102 

0 

10  20 

0 

sec.        0-007102 

-5 

2 

-4 

33. 

so   14 

58           COS. 

9*993014 

10    15 

17 

COS.        9*993003 

Loa.  D1PV. 

9*996656 

Loo. 

DIFF.       9*996633 

The  results  by  the  two  methods  agree  as  nearly  as  can  be  expected  from 
processes  in  which  each  of  the  several  parts  employed  has  its  own  particular 
inaccuracy. 

Table  74.   Pboportional  Logarithms. 

These  logarithins  are  given  to  every  second  of  time,  or  arc,  for  8*"  or  3^ 
The  Table  is  entered  with  the  hour  or  degree  and  the  minute  at  the  top,  sad 
the  second  at  the  side ;  thus  the  prop.  log.  of  V  2f  27"  or  of  l*»  :2*  27*  is 
4597,  that  of  1»  2»  is  2-2410.  The  index  0  proper  to  quantities  above  19" 
(or  lO")  is  suppressed  for  convenience. 

To  find  the  prop.  log.  of  an  arc  under  18',  to  the  tenth  of  a  second.  Put 
the  proper  index,  and  find  the  decimal  part  due  to  ten  times  the  ai«. 


Ei.    Find  the  prop.  log.  of  /  13^7;  the  index  of  /  13"  i«  M  <2iedeo.  p«rtofflieki. 
dae  to  7</  137^,  or  72'  17",  is  3962,  Uie  prop.  log.  required  is  1*3962. 

So  the  prop.  log.  of  an  arc,  under  1'  48"  may  be  found  to  the  huodreddi 
dCa  second  by  oiultiplying  by  100. 
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To  find  the  arc  or  time  to  tbe  tenth  of  a  second  to  a  given  prop.  log. 
exceeding  1-0000.  Look  in  the  Table  till  the  decimal  part  again  ocean,  and 
divide  the  arc  by  10. 

Ex.  Find  tbe  time  to  the  prop.  log.  2*5106.  Look  tor  1*5106;  the  neaieit  fimad  f» 
1*5110,  against  5"*  33%  or  333*;  henoe  the  time  required  if  33**3* 

Four  places  are  enough  for  common  purposes;  but  since  the  fourth  place 
cease:!  to  change  by  I  after  P  13™,  a  greater  time  than  this  cannot  be  found 
trulj  to  1*.  So  also,  a  time  exceeding  2^  26"*  cannot  be  found  truly  to  S** 
This  defect  may  be  avoided  in  some  cases  by  employing  the  complement  of 
the  ioterval  to  8^. 

To  convert  a  given  log.  sine  of  an  arc  less  than  1^  80'  into  a  prop.  log. 
add  8*7190  to  its  arithmetical  complement.  To  convert  a  prop.  log.  of  an 
arc  into  a  log.  sine*  less  than  I'J,  add  8*7 19Q  to  its  arith.  compl. 


£z.  1.     Conrert  the  log.  shie  8*3507 
into  a  prop.  log. 

log.  sine     8*3507 

ar.  CO.         1*6493 
const.         8'7i90 

Are  i'  17'  sT        PaoF.  loo.   0*3683 


Ex.2.    ConTertfh6prop.log.ofo^25'o^y 
or  8573,  faito  a  log.  sine. 

pr.  log.    0*8573 

ar.  00.      9*1427 
8*7190 

Loo.  SINB     7*8617 


When  the  terms  of  an  analogy  are  all  sexigesimals,  the  rules  given  in 
p.  20,  Nos.  80,  &Cm  apply  to  the  proportional  logarithms ;  but  if  two  of  the 
terms  are  not  sexigesimals^  the  arith.  complements  of  the  logs,  of  these  last 
must  be  used.* 

To  eompule  a  Pron.  Log.  From  4*08842  (the  log.  of  10800,  the  number 
of  seconds  in  8^  or  8^)  subtract  the  log.  of  the  given  time  or  arc  in  seoonds; 
the  result  is  the  prop.  log.  required. 

Ex.    Ffaid  the  prop.  log.  of  2^  11"  28*. 

eonst.    4*03342 
2*  ii»  2^«  -  7888»,    log.     3*89697 

Paop.  LOO.    0*13645 

As  the  Proportional  Logarithms  are,  generally,  the  last  employed  in  a 
computation,  this  Table  naturally  closes  the  collection. 

^  Tike  proportional  logarithms  are  often  convenient,  bat  they  might  be  nplaoed  with 
advantage  uj  common  logarithms.  The  Rrop.  logs.,  milike  the  common  logaritjims,  ooati* 
Dually  decrtaie  instead  of  inereatmp  with  tiie  argument.  This  progression  fe  always  repugn 
nnt  to  the  mind,  and  should  be  avoided  when  the  change  involves  no  sacriiloe.  Again, 
these  logarithms  require  every  factor  wjth  which  they  are  comhined  to  be  inverted;  that  is, 
for  ex.,  instead  of  mnltiplying  by  2,  they  oblige  us  to  divide  by  2.  This,  even  to  an  expert 
eompater,  is  the  cause  of  perpetual  mistakes  in  the  changing  of  constants ;  but  to  a  beginner 
it  has  the  mischievous  effect  of  entirely  destroying,  in  processes  which  may  neverthetess  be 
identical,  every  vestige  of  analogy. 

If  common  logarithms,  with  the  same  scale  and  the  index  prefixed,  were  employed,  the 
logarithm  attached,  in  the  Nautioil  Almanac,  to  the  lunar  distance,  vrould  involve  tiie  con* 
itant  for  3^.  Such  logarithms  vrould  answer  all  the  present  purposes  without  being  open  to 
any  of  the  above  objections ;  the  log.  in  the  Nautical  Almanac  would  then  be  additive  instead 
tf  tabtractive.  The  proportional  logarithms,  originally  computed  for  the  purpose  of  sun* 
plifying  a  single  step  in  a  single  computation,  ara  an  example  of  the  ill  effects  of  sscrifldBf 
tieneral  utifi^  to  a  partial  end ;  and  tiie  substitution  of  others,  at  a  finvourable  opportmily, 
fa  reeomBBenoed  as  a  reform  deserving  attention.    • 
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TAA VERSE  TABLE  TO  QUARTER  POINTS 

i  Point. 

2« 

4sr 

Dist. 

D.Lat 

Dep. 

Dist 

D.LaL 

Dep. 

Dist 

D.  Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.  Lat. 

Dep. 

) 

i-o 

o«o 

61 

6o*9 

3.0 

121 

120*9 

5*9 

181 

180-8 

8*9 

241 

240*7 

11*8 

8 

a'O 

O'l 

62 

6i*9 

3-0 

122 

121*9 

6*0 

182 

181-8 

8-9 

242 

241-7 

11-9 

3 

3-0 

o-i 

63 

62*9 

3-1 

123 

122.9 

6-0 

183 

182*8 

9*0 

243 

242-7 

11*9 

4 

4'o 

©•a 

64 

63-9 

3*1 

124 

1239 

6*1 

184 

183*8 

9*o 

244 

243-7 

120 

6 

1:^ 

0-2 

66 

64-9 

3*2 

125 

124-8 

61 

185 

184*8 

9*1 

245 

244*7 

12-0 

S 

0-3 

66 

65-9 

3*a 

126 

1258 

6*2 

186 

185*8 

9*1 

246 

245-7 

12*1 

7 

7-0 

0-3 

67 

66*9 

3'3 

127 

126-8 

6-2 

187 

186-8 

9*2 

247 

246-7 

12-1 

8 

8-0 

0-4 

68 

679 

33 

128 

127-8 

6*3 

188 

187-8 

9*2 

248 

2477 

12-2 

9 

90 

04 

69 

68*9 

3*4 

129 

128*8 

6-3 

189 

188-8 

9*3 

249 

248-7 

12*2 

10 

IO"0 

0-5 

70 

699 

3*4 

130 

129*8      6*4    1 

190 

189*8 

9'3 

250 

249*7 

12-3 

11 

1 1-0 

^1 

71 

70-9 

3*5 

131 

130*8 

6-4 

191 

190*8 

9*4 

251 

250*7 

12-3 

12 

IZ'O 

0*6 

72 

71-9 

3*5 

132 

131-8 

6-5 

192 

191*8 

94 

252 

251*7 

12-4 

13 

i3»o 

06 

73 

72-9 

3-6 

133 

132*8 

^5 

193 

192*8 

9-5 

253 

252-7 

12-4 

14 

14*0 

07 

74 

73*9 

3-6 

134 

133*8 

6-6 

194 

193*8 

9*5 

254 

»53-7 

12-5 

15 

15*0 

0-7 

75 

74*9 

3*7 

135 

134-8 

6-6 

195 

194-8 

9*6 

255 

254-7 

12*5 

16 

i6*o 

0-8 

76 

75*9 

3*7 

136 

135-8 

6.7 

196 

195-8 

9-6 

256 

255*7 

12*6 

17 

I7'0 

c«8 

77 

76-9 

3-8 

137 

136*8 

6*7 

197 

196*8 

9*7 

257 

256*7 

12*6 

18 

i8"o 

09 

78 

77*9 

3-8 

138 

137-8 

6*8 

198 

197-8 

9-7 

258 

257-7 

12-7 

19 

19-0 

0*9 

79 

78-9 

39 

139 

138-8 

68 

199 

198-8 

9-8 

259 

258-7 

X2-7 

SO 

20 'O 

I'O 

80 

79*9 

39 
4*0 

140 

139-8 

6*9 

200 

199*8 

9-8 

260 
261 

259-7 

12*8 

21 

ai*o 

J'O 

81 

809 

141 

140*8 

6*9 

201 

200 '8 

9*9 

260*7 

12-8 

22 

22-0 

IM 

82 

81-9 

4-0 

142 

141*8 

7*0 

202 

201*8 

9.9 

282 

261-7 

12*9 

23 

23-0 

!•! 

83 

82*9 

4'i 

143 

142-8 

7*0 

203 

202*8 

lo-o 

283 

262-7 

12*9 

24 

24-0 

1*2 

84 

83-9 

4» 

144 

143-8 

7-1 

204 

203-8 

10-0 

264 

263*7 

13*0 

25 

2$"0 

1*2 

85 

84-9 

4-2 

145 

144*8 

7-1 

205 

204-8 

10*1 

265 

264-7 

13*0 

26 

26-0 

»'3 

8G 

859 

4-2 

146 

145-8 

7-2 

208 

205*8 

10*1 

266 

2657 

13-1 

27 

27-0 

1*3 

87 

86*9 

4*3 

147 

146*8 

-*2 

207 

206-8 

10*2 

267 

266*7 

X31 

28 

28"0 

I '4 

88 

87-9 

4*3 

148 

147-8 

"•3 

208 

207-7 

10*2 

268 

267*7 

13-2 

29 

29*0 

1-4 

89 

88*9 

4*4 

149 

148*8 

7-3 

209 

208*7 

io*3 

289 

268*7 

13*2 

30 

30*0 

>'5 

90 
91 

89-9 

4*4 

150 
151 

149*8 

7-4 

210 

209*7 

10-3 

270 

269-7 

132 

31 

31-0 

1*5 

909 

4*5 

150*8 

7*4 

211 

210-7 

10-4 

271 

270-7 

»3-3 

32 

52*0 

1-6 

92 

91-9 

4*5 

152 

151-8 

7-5 

212 

211-7 

10*4 

272 

271*7 

13-3 

33 

33-0 

1-6 

93 

919 

4-6 

153 

152-8 

75 

213 

212*7 

xo-5 

273 

272-7 

U'4 

34 

34-0 

J-7 

94 

93*9 

4-6 

154 

153-8 

7-6 

214 

213*7 

10*5 

274 

273-7 

13-4 

35 

35-0 

1-7 

95 

94*9 

4*7 

155 

154-8 

7-6 

215 

214-7 

10*5 

275 

274-7 

13-5 

36 

36*0 

1-8 

96 

95*9 
96-9 

4'7 

156 

155*8 

7*7 

216 

2157 

10-6 

276 

275-7 

13-5 

37 

37-0 

1-8 

97 

4-8 

157 

156*8 

7-7 

217 

216*7 

10*6 

277 

276*7 

13*6 

38 

380 

1-9 

98 

97*9 

4-8 

158 

157-8 

7-8 

218 

217-7 

10-7 

278 

277*7 

13*6 

39     39-0 

1-9 

99 

989 

49 

159 

158*8 

7-8 

219 

218-7 

io*7 

279 

278*7 

13*7 

40    40-0 

2*0 

100 

99*9 

4*9 

160 

159-8 

7*9 

220 

219*7 

10-8 

280 

279*7 

13-7 

41 

41*0 

2-0 

101 

100*9 

5-0 

161 

i6o*8 

7.9 

221 

220*7 

10*8 

281 

280-7 

13-8 

42 

419 

2*1 

102 

101 '9 

5-0 

162 

161*8 

7-9 

222 

221*7 

10-9 

282 

281-7 

138 

43 

429 

2*1 

103 

102*9 

S*« 

163 

162-8 

80 

223 

222*7 

10-9 

283 

282-7 

13-9 

44 

43*9 

2*2 

104 

103-9 

5» 

164 

163-8 

8-0 

224 

223-7 

11*0 

284 

283*7 

13*9 

45 

44*9 

2-2 

105 

104-9 

5* 

165 

164*8 

8-1 

225 

224*7 

11*0 

285 

284*7 

14-0 

46 

45*9 

2-3 

106 

105-9 

5-2 

166 

165-8 

8*1 

226 

225*7 

11*1 

286 

285*7 

14-0 

47 

469 

2-3 

107 

106*9 

5*3 

167 

166-8 

8*2 

227 

226*7 

ii-i 

287 

286*7 

141 

48 

479 

2-4 

108 

107-9 

5*3 

168 

167-8 

8-2 

228 

227*7 

11-2 

288 

287-7 

14*1 

49 

489 

2-4 

109 

io8'9 

5*4 

169 

i68*8 

8-3 

229 

228*7 

11*2 

289 

2887 

14-2 

50 
51 

509 

2-5 

no 

109*9 

5-4 

170 

169-8 

8-3 

2.H0 

229*7 

11*3 

990 

289*7 

14-2 

»-5 

HI 

1 10-9 

S'S 

171 

170*8 

8-4 

231 

230*7 

11*3 

291 

290*6 

14-3 

52 

5'-9 

2.6 

112 

iix'9 

5*5 

172 

171*8 

8-4 

232 

231*7 

11*4 

292 

291-6 

14-3 

53 

5a-9 

2-6 

113 

I12'9 

5*5 

173 

172*8 

8-5 

233 

23a*7 

11*4 

203 

292*6 

14-4 

54 

53*9 

2*6 

114 

113*9 

5-6 

174 

173-8 

8-5 

234 

233-7 

11-5 

294 

293-6 

14*4 

55 

54*9 

a*7 

115 

114*9 

S-6 

175 

174-8 

8-6 

935 

i34'7 

11*5 

295 

294-6 

14-5 

56 

5S-9 

2-7 

116 

115-9 

5'7 

176 

175-8 

8*6 

236 

a35-7 

11*6 

296 

2956 

14-5 

57 

56-9 

2-8 

117 

116*9 

5*7 

177 

176-8 

8'7 

237 

236-7 

11-6 

297 

296*6 

14*6 

58 

57*9 

2-8 

118 

117*9 

5-8 

178 

177-8 

8-7 

238 

237*7 

11*7 

298 

2976 

14*6 

59 

589 

29 

119 

118-9 

5-8 

179 

178*8 

8*8 

239 

238-7 

11-7 

299 

2986 

14-7 

60 
Dist 

59*9 

»-9 

120 

119-9 

5'9 

180 

179-8 

8-8 

240 

2397 

11-8 

300 

299*6 

14-7 

Dep. 

D.Ut 

Dist 

Dep. 

D.Ut 

Dist 

Dep. 

D.  L..t 

Dist 

Dep. 

D.Lat. 

Dist    Dep. 

D.Lat. 

7  J  Points. 

87^ 
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RAVE 
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4  PoinU 

^' 

'ar 

DistJo.UtlDep. 

Dist.  D.  Lai. 

D««p. 

Disr. 

D.LHt. 

Dpp. 

Disr.D.  Lat 

1 

Dep. 

Dist.|D.  Lat. 

D^p. 

1 

I'O 

o-i 

61 

6o*7 

6*0 

121 

120*4 

11*9 

161 

1801 

17*7 

241 

239*8 

23*6 

2 

a»o 

0'2 

62 

6i*7 

6-1 

122 

121*4 

12*0 

182 

i8i*i 

17-8 

242 

240*8 

23*7 

3. 

3*0 

0.3 

63 

62*7 

6.2 

123 

132*4 

12*1 

183 

182*1 

179 

243 

241*8 

23*8 

4 

4-0 

0-4 

64 

63-7 

6*3 

124 

123*4 

12*2 

184 

183*1 

i8*o 

244 

242*8 

23*9 

6 

5-0 

0*5 

65 

64-7 

6.4 

125 

124*4 

12*3 

185 

184*1 

i8*i 

245 

2438 

24*0 

6 

6*o 

0*6 

66 

65-7 

6*5 

126 

125*4 

12*4 

186 

1851 

18-2 

246 

244*  K 

24*1 

7 

7'o 

0*7 

67 

66-7 

6-6 

127 

126*4 

12*4 

167 

1861 

18*3 

247 

2458 

24*2 

8 

8-0 

o'8 

68 

67-7 

6-7 

128 

127*4 

12*5 

188 

187*1 

18*4 

248 

246*8 

24*3 

9 

9'0 

09 

69 

68-7 

6*8 

129 

128*4 

12*6 

189 

1881 

185 

249 

247-8 

24-4 

10 

11 

lO'O 

I'O 

70 

69-7 

6*9 

130 

129*4 

12*7 

190 

189M 

18*6 

250,248*8 

*4*5 

10-9 

I'l 

71 

7Q.7 

7-0 

131 

130*4 

12*8 

191 

190-1 

18*7 

251 

249-JJ  ;  24*6  1 

12 

11*9 

1*2 

72 

7'-7 

7*1 

132 

131*4 

12*9 

192 

191*1 

i8-8 

252 

2508 

24*7 

13 

12*9 

1-3 

73 

72*6 

7*2 

133 

132*4 

130 

193 

192*1 

18-9 

253 

251*8 

24-8 

14 

13-9 

»-4 

74 

73-6 

7*3 

134 

133*4 

131 

194 

193*1 

19*0 

254 

252-8 

249 

15 

149 

«-5 

75 

74-6 

7*4 

135 

»34-3 

13*2 

195 

194- 1 

19*1 

255 

253*8 

2S'0 

16 

15-9 

1-6 

76 

75*6 

7*4 

136 

135-3 

"3*3 

196 

1951 

19*2 

256 

254*8 

25*1 

17 

16*9 

»-7 

77 

76-6 

7*5 

137 

136*3 

"3*4 

197 

196*1 

19-3 

257 

255-8 

25*2 

18 

17*9 

1-8 

78 

77-6 

76 

138 

137-3 

13*5 

198 

197*0 

19*4 

258 

256*8 

253 

19 

i8*9 

'•9 

79 

78-6 

7*7 

139 

138*3 

13*6 

199 

198*0 

»9*5 

259 

257*8 

25*4 

20 

19-9 

2*0 

80 

796 

7-8 

140 

'39*3 

13*7 

200 

1990 

19*6 

2(i0 

258*7 

25-5 

21 

ao*9 

2*1 

81 

806 

7.9 

141 

1403 

13-8 

201 

200'0 

19*7 

261 

259-7 

25*6 

22 

21*9 

1*2 

82 

8i*6 

8*o 

142 

141*3 

i3'9 

202 

20  I'O 

19*8 

262 

260*7 

25*7 

23 

22*9 

2'3 

83 

826 

8*1 

143 

142*3 

140 

203 

202*0 

19*9 

263 

261*7 

25*8 

24 

13-9 

a-4 

84 

836 

8*2 

144 

»43'3 

14*1 

204 

203*0 

20*0 

264 

262*7 

25*9 

25 

24-9 

*-5 

85 

84-6 

8-3 

145 

144*3 

14*2 

205 

204*0 

20' 1 

265 

263*7 

26*0 

26 

25-9 

2*5 

86 

85-6 

8-4 

146 

HS*3 

14*3 

206 

205*0 

20*2 

2(iG 

264*7 

26*1 

27 

26*9 

2*6 

87 

86>6 

8-5 

147 

146*3 

14*4 

207 

206*0 

20*3 

267 

265*7 

26*2 

28 

27-9 

»-7 

88 

87-6 

8-6 

148 

H7*3 

'45 

208 

2070 

20*4 

268 

266*7 

26*3 

2f) 

28-9 

2-8 

89 

88-6 

8-7 

149 

148*3 

146 

209 

208'0 

20*5 

269 

267-7 

26*4 

30 

299 

2-9 

90 

89-6 

8*8 

150 

149*3 

14*7 

210 

209*0 

20*6 

270 

268-7 

26-5 

31 

30-9 

30 

91 

90*6 

8-9 

151 

«So*3 

148 

211 

210-0 

20-7 

271 

269*7 

26-6 

32 

31*8 

31 

92 

91*6 

9*0 

152 

151*3 

149 

212 

211*0 

20*8 

272 

270*7 

267 

33 

32-8 

3*1 

93 

92*6 

9*1 

153 

152*3 

150 

213 

212*0 

20*9 

•273 

271*7 

26*8 

34 

33-8 

3*3 

94 

935 

9*2 

154 

153*3 

151 

214 

213*0 

21*0 

274 

272*7 

26*9 

36 

34-8 

3*4 

95 

94*5 

93 

155 

'54*3 

15-2 

215 

214*0 

2I-I 

275 

a73*7 

27*0 

36 

35-8 

3*5 

96 

9S'5 

9*4 

156 

155-2 

"5'3  • 

216 

215*0 

21*2 

276 

274*7 

27*1 

37 

36-8 

3-6 

97 

96- 5 

9*5 

157 

156*2 

»5*4 

217 

2l6'0 

21-3 

277 

275*7 

27*2 

38 

37-8 

3'7 

98 

97*5 

9*6 

158 

157-2 

'5*5 

218 

217*0 

21*4 

278 

276*7 

272 

39 

38-8 

3-8 

99 

985 

9*7 

159 

158-2 

15*6 

219 

217*9 

21*5 

279 

277*7 

*7*3 

40 
41 

39*8 

3*9 

100 

99*5 

9*8 

160 

159-2 

'5*7 

220 

218*9 

21*6 

280 

278*7 

47-4 

40*8 

4-0 

101 

ioo*5 

9.9 

161 

160*2 

15-8 

221 

219*9 

21*7 

281 

279*6 

*7'5 

42 

41*8 

4*1 

102 

101*5 

io*o 

J162 

l6l*2 

15-9 

222 

220*9 

21*8 

282 

280*6 

276 

43 

41*8 

4'4 

103 

102*5 

io*i 

163 

162*2 

i6-o 

2*23 

221*9 

21*9 

283 

281*6 

27-7 

44 

43-8 

4*3 

104 

103-5 

10-2 

a  64 

163*2 

161 

224 

222*9 

22'0 

284 

282*6 

27*8 

45 

44-8 

4*4 

105 

104-5 

10*3 

.165 

164*2 

l6*2 

225 

223-9 

22-1 

285 

283*6 

27*9 

46 

*r5 

4*6 

106 

105-5 

io'4 

166 

165*2 

i6-3 

226 

2249 

22*2 

286 

284*6 

28 -c 

47 

46*8 

107 

106-5 

io*5 

167 

166*2 

i6-4 

227 

225*9 

22*2 

287 

285-6 

2S1 

48 

47-8 

4*7 

108 

107-5 

10*6 

168 

167*2 

\tl 

228 

226-9 

22*3 

288 

2866 

28*2 

49 

48-8 

4-8 

109 

108-5 

10*7 

169 

1682 

*229 

227*9 

22*4 

289 

287-6 

28*3 

50 

49-8 

4-9 

110 

109-5 

108 

170 

169*2 

i6*7 

230 

2289 

22*5 

290 

288-6 

284 

51 

50-8 

S'O 

111 

iio'5 

io*9 

171 

170*2 

168 

231 

229-9 

22*6 

291 

289*6 

28*5 

52 

51-7 

5'» 

112 

111*5 

ii*o 

172 

171*2 

16*9 

232 

2309 

22*7 

292 

290*6 

28*6 

53 

52-7 

5'* 

113 

112*5 

11*1 

173 

172*2 

17-0 

233 

231*9 

22*8 

293 

291*6 

»8*7 

54 

53*7 

5*3 

114 

"35 

11*2 

174 

173*2 

17-1 

234 

232-9 

22*9 

294 

292*6 

28*8 

55 

54*7 

5*4 

115 

114*4 

11-3 

175 

174*2 

17*2 

235 

*33*9 

23*0 

295 

293*6 

28-9 

56 

55'7 

5-5 

116 

115*4 

11-4 

176 

175*2 

17*3 

236 

2349 

23-1 

296 

294*6 

29-0 

67 

56-7 

5-6 

117 

ii6'4 

11*5 

177 

176*1 

17*3 

237 

*35*9 

23*2 

297 

295*6 

29*1 

58 

57-7 

5-7 

118 

117*4 

11*6 

178 

177*1 

17*4 

238 

2369 

»3"3 

298 

296*6 

29*2 

50 

5»-7 

'•8 

110 

118*4 

11*7 

170 

178*1 

>7-5 

239 

237*8 

»3*4 

299 

2976 

293 

60 
Dial. 

59'7 

5'9 
D.Ut 

120 
i>ist. 

119-4 

11-8 

180 

179*1 

17-6 

240 

238*8 

23*5 

300 

298*6 

294 

Dep. 

Dep. 

D.Lnt 

DUt. 

1 

Dep. 

D.  Lat.  Disr. 

Dep. 

D.Lat 

Dist 

Dep.   D.  LatJ 

74  To 

ints. 

84*»  22*      j 
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f  Point. 

8°  26'      1 

DwtJD.Lat 

Dep. 

Disu 

D.  Lat. 

Dep.  Dist 

D.LaJ  Dep. 

Dist. 

D.  Lai. 

Dep. 

Dist. 

D.  Lat. 

Dep. 

1 

X-0 

O'l 

61 

6o*3 

9-0 

121 

119-7 

17-8 

181 

179*0 

26-6 

241 

238*4 

35*4 

2 

2*0      0'3 

6*2 

61-3 

9-1 

122 

120-7 

17-9 

182 

180*0 

26*7 

242 

239*4 

35*5 

3 

3-0 

0-4 

63 

62*3 

92 

123 

121*7 

18-0 

183 

181*0 

26*9 

243 

240*4 

35*7 

i 

4-0 

06 

64 

63*3 

9-4 

124 

122*7 

18-2 

184 

182-0 

27*0 

244 

241*4 

35*8 

6 

4'9 

07 

65 

643 

9*5 

125 

123*6 

18-3 

185 

183-0 

27-1 

246 

242*3 

35*9 

6 

5*^ 

09 

66 

65-3 

97 

126 

124*6 

18-5 

186 

184-0 

27*3 

246 

143*3 

36*1 

7 

6-9 

i-o 

67 

66*3 

9-8 

127 

125-6 

i8*6 

187 

185*0 

27*4 

247 

244*3 

36*2 

8 

7*9 

1-2 

68 

67-3 

10*0 

128 

1266 

18-8 

188 

I86-0 

27*6 

248 

145*3 

364 

9 

8-9 

1-3 

69 

68-3 

XO'I 

129 

127*6 

18-9 

189 

187*0 

277 

249    246*3 

36*5 

10 

9.9 

1-5 

70 

69*2 

10-3 

130 

128-6 

19-1 

190 

187*9 

27-9 

250    247*3 

367 

U 

io»9 

1-6 

71 

70*2 

10*4 

131 

129*6 

19*2 

191 

188*9 

28*0 

251 

248*3 

36*8 

12 

11-9 

1-8 

72 

71*2 

10-6 

132 

130-6 

19*4 

192 

189-9 

28*2 

252 

149-3 

37*0 

13 

12*9 

1*9 

73 

72*2 

10-7 

133 

131-6 

19-5 

193 

190-9 

»8-3 

253 

250-3 

37*1 

14 

138 

Z'J 

74 

73-2 

10-9 

i:i4 

132-5 

19-7 

194 

191*9 

28-5 

254 

151-3 

37*3 

15 

14-8 

2*2 

75 

74-2 

11*0 

135 

133-5 

19*8 

195 

192-9 

28*6 

256 

252*2 

37*4 

16 

15-8 

2*3 

76 

75-i 

11-2 

136 

134*5 

20-0 

196 

193-9 

28-8 

266 

153-1 

37-6 

17 

]6-8 

**l 

77 

76*2 

11-3 

137 

135*5 

20*1 

197 

194*9 

28*-9 

267 

254*2 

37"7 

18 

17-8 

2-6 

78 

772 

11*4 

138 

136-5 

20-2 

198 

195-9 

29*1 

258 

255*2 

37-9 

19 

i8-8 

2-8 

79 

78-1 

II  6 

139 

137-5 

20*4 

199 

196-8 

29-2 

259 

256*2 

38-0 

2fl 

19-8 

29 

00 

79- 1 

11-7 

140 
141 

138-5 

20*5 

200 

197-8 

29-3 

260 

257*2 

38*1 

"21  ' 

20-8 

3'* 

81 

8o-i 

11-9 

139-5 

20-7 

201 

198-8 

29-5 

261 

158*2 

38-3 

22    21-8 

32 

82 

811 

I2-0 

142 

140-5 

20-8 

202 

199-8 

29*6 

262 

159-1 

38*4 

23      22-8 

3*4 

83 

82-1 

12-2 

143 

141-5 

21-0 

203 

200-8 

29*8 

263 

260*2 

38*6 

24     237 

35 

84 

831 

12-3 

144 

142-4 

21-1 

204 

201-8 

29-9 

264 

261*1 

38*7 

20  ;  24-7 

37 

85 

84-1 

12-5 

145 

H3-4 

21*3 

206 

202*8 

30*1 

265 

262*1 

38*9 

2«    257 

3-8 

86 

8s-i 

12-6 

146 

144-4 

21*4 

206 

203-8 

30*2 

266 

263*1 

390 

27 

26-7 

4-0 

87 

86- 1 

12*8 

147 

1454 

21-6 

207 

204*8 

30*4 

267 

264- X 

39*1 

28 

277 

41 

88 

870 

I2'9 

148 

146-4 

21*7 

208 

205*7 

30-5 

268 

265-1 

39-3 

2U 

28-7 

4*3 

89 

880 

13-1 

149 

147-4 

2X'9 

209 

206-7 

30-7 

269 

266*1 

39*5 

:« 

297 

4*4 

90 

890 

13-2 

150 

148-4 

22-0 

210 

207-7 

30-8 

270 

267*1 

39.6 

31 

307 

4*5 

91 

90-0 

13-4 

151 

149-4 

22-2 

211 

208*7 

31-0 

271 

268*1 

39-8 

32 

317 

4*7 

92 

91*0 

13-5 

152 

150-4 

22*3 

212 

209*7 

31-1 

272 

269*1 

39*9 

33    32-6 

4-8 

93 

92*0 

13-6 

153 

151-3 

22*4 

213 

210-7 

31-3 

273 

270-0 

40*1 

:u 

33-6 

5-0 

94 

93-0 

13-8 

164 

152*3 

22-6 

214 

211*7 

31*4 

274 

271-0 

40*2 

33 

34-6 

5' 

95 

940 

13*9 

155 

153-3 

22*7 

215 

212-7 

31-5 

276 

272*0 

40-4 

3(i 

35-6 

5*3 

96 

950 

14*1 

156 

1543 

22-9 

216 

2137 

31*7 

276 

273*0 

40*5 

37 

366 

5*4 

97 

96*0 

14*2 

167 

155-3 

23*0 

217 

214-7 

31*8 

277 

274-0 

40-6 

38 

37-6 

5-6 

98 

96-9 

14-4 

158 

156-3 

23-2 

218 

215-6 

32-0 

278 

275*0 

40-8 

39 

386 

5-7 

99 

97-9 

14-5 

159 

157-3 

23-3 

219 

216-6 

32-1 

279 

276-0 

40*9 

4(1 

396 

5*9 

100 

989 

14*7 

160 

158-3 

23-5 

220 

217-6 

32-3 

280 

277*0 

41*1 

"iT 

40-6 

60 

101 

99*9 

14-8 

161 

159-3 

23-6 

221 

218*6 

32-4 

281 

278-0 

41*2 

42.41-5 

61 

10*? 

100-9 

15.0 

162 

160*2 

23-8 

222 

219-6 

32*6 

282 

278-9 

41*4 

43 

4^*5 

6*3 

103 

101-9 

15*1 

163 

l6l'2 

23-9 

223 

220*6 

31-7 

283 

179-9 

41-5 

44 

43  5 

65 

104 

102*9 

153 

164 

762*2 

24*1 

224 

221*6 

31-9 

284 

280*9 

41*7 

45 

44-5 

6-6 

105 

103*9 

15-4 

165 

163-2 

24-2 

226 

222*6 

33*0 

285 

281-9 

41*8 

AG 

45-5 

67 

106 

104-9 

15-6 

166 

164*2 

24-4 

226 

223-6 

33-1 

286 

282*9 

41*0 

47 

46- 5 

6-9 

107 

io5'8 

15*7 

167 

165-2 

24-5 

227 

224*5 

33-3 

287 

283*9 

42*1 

43 

4:"s 

7-0 

108 

io6'8 

15-8 

168 

166*2 

24*7 

228 

225*5 

33-5 

288 

284*9 

41*3 

421 

48-5 

7-2 

109 

107-8 

i6-o 

169 

167*2 

24*8 

229 

226-5 

33-6 

289 

285-9 

42-4 

M» 

495 

7*3 

no 

io8-8 

16-1 

170 

168-2 

24-9 

230 

227*5 

33-7 

290 

286*9 

42*6 

51 

50-4 

7-5 

HI 

109-8 

16-3 

171 

169-1 

25-1 

231 

228*5 

33-9 

291 

287*9 

42*7 

52 

5»-4 

7-6 

112 

110-8 

16-4 

172 

170-1 

25-2 

232 

229-5 

34*0 

292 

288*8 

41-8 

53 

51-4 

7-3 

113 

xii-8 

166 

173 

171-1 

^5-4 

233 

230-5 

34-2 

293 

289-8 

43*0 

54 

53'4 

79 

114 

112*8 

i6*7 

174 

172*1 

15-5 

234 

231-5 

34-3 

294 

290*8 

43-1 

55 

54-4 

8-1 

115 

113-8 

i6'9 

176 

173-1 

25*7 

236 

232*5 

34-5 

296 

291-8 

43*3 

0(1 

55'4 

8-2 

116 

114-7 

17-0 

176 

174*  1 

25-8 

236 

133-4 

34*6 

296 

292*8 

43*4 

57 

564 

8-4 

117 

115-7 

17-2 

177 

175-1 

26-0 

237 

134-4 

34-8 

297 

193*8 

43*6 

58 

57-4 

8-5 

118 

1167 

17-3 

178 

i*»6-i- 

26-1 

-238 

»35'4 

34*9 

298 

294*8 

43*7 

5?     5i^'4 

8-7 

119 

117*7 

17*5 

179 

177-1 

26*3 

239 

236-4 

35*1 

299 

195-8 

43*9 

60    594 

8-8 

120 

118-7 

17-6 

180 

178*1 

26*4 

240 

»37-4 

35-2 

300 

296-8 

44.0 

D;«tJDep. 

D.Lat 

Difrt. 

Dep. 

D.Lai  Diat. 

Dep. 

D.  Lat 

DisU 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat 

7^  l*oinls. 

81*»  34'      1 
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TABLE  1 


TRAVERSE  TABLE  TO  QUARTER.POINTS 

1  Point                                                      IP  16' 

Dist. 

D.Ut 

Dep. 

Diat 

D.Lnt 

Dep. 

Dist. 

D.  Lat 

Dep. 

Dist  D.  Lat 

Dep. 

Dist  D.  Lat. 

U«p. 

1 

ro 

0-2 

61 

59-8 

11*9 

121 

n8*7 

23*6 

181 

177*5 

35*3 

241 

236*4 

47-0 

2 

a*o 

0-4 

62 

6o*8 

12-1 

122 

119*7 

23-8 

182 

178*5 

35-S 

242 

137-4 

47*2 

3 

a-9 

o'6 

63 

6i-8 

12*3 

123 

120*6 

24*0 

183 

179*5 

35-7 

243 

238*3 

47*4 

4 

3'9 

08 

64 

62-8 

12*5 

124 

121*6 

24*2 

184 

i8o*5 

35*9 

244 

»39-3 

47-6 

6 

4*9 

I'Q 

65 

638 

12*7 

125 

122*6 

24*4 

185 

i8i*4 

36*1 

245 

240*3 

47-8 

6 

l"9 

1*2 

m 

64-7 

12*9 

126 

123-6 

24*6 

186 

182*4 

36*3 

246 

i4>-3 

48-0 

7 

6-9 

\.t 

67 

65-7 

131 

127 

124*6 

24*8 

187 

183-4 

36*5 

247 

242*3 

48*2 

8 

7-8 

68 

66-7 

X3-3 

128 

125-5 

25*0 

188 

184*4 

36*7 

248 

243*2 

48-4 

9 

8*8 

1-8 

69 

67-7 

13s 

129 

126*5 

25*2 

189 

185*4 

36-9 

249 

244*2 

48*6 

10 

9-8 

2-0 

70 

68-7 

13*7 

130 

127*5 

25*4 

190 

186*3 

37*1 

250 

245*2 

488 

11 

10-8 

2-1 

71 

69-6 

13-9 

131 

128*5 

25*6 

191 

187-3 

37*3 

251 

246*2 

490 

12 

11-8 

a-3 

72 

70*6 

14*0 

132 

1295 

25*8 

192 

188*3 

37*5 

252 

247*2 

49'2 

13 

12-8 

a-5 

73 

71*6 

14-2 

133 

130*4 

25*9 

193 

189*3 

37-7 

253 

248*1 

49-4 

14 

13*7 

2-7 

74 

72-6 

144 

134 

1314 

26*1 

194 

190*3 

37-8 

254 

249- 1 

49*6 

15 

14-7 

2-9 

76 

73.6 

14*6 

135 

1324 

26*3 

195 

191*3 

38*0 

255 

250-1 

49'7 

10 

15-7 

3-1 

76 

74-5 

14*8 

136 

>33'4 

26*5 

196 

192*2 

38-2 

256 

251*1 

49*9 

17 

i6*7 

3*3 

77 

75*5 

15*0 

137 

>34*4 

a6*7 

197 

193*2 

38*4 

257 

252-1 

50*1 

18 

17-7 

3*5 

78 

76-5 

15*2 

138 

135-3 

26*9 

198 

194*2 

38*6 

258 

253*0 

50*3 

19 

i8'6 

3'7 

79 

77*5 

15-4 

139 

136*3 

27-1 

199 

195*2 

38*8 

259 

254*0 

50-5 

20 

19*6 

3'9 

80 

78-5 

lyf 

140 

137-3 

27*3 

200 

196*2 

39-0 

260 

255.0 

50*7 

21 

20*6 

4-» 

81 

79  4 

15-8 

141 

138-3 

»7-5 

201 

197*1 

39.2 

261 

256*0 

50*9 

22 

21*6 

4-3 

82 

80-4 

16*0 

H2 

139*3 

27-7 

202 

198*1 

39-4 

262 

257*0 

51*1 

23 

22*6 

4-5 

83 

81.4 

l6*2 

143 

140-3 

27*9 

203 

199*1 

39-6 

263 

*57-9 

51-3 

24 

23-5 

4'7 

34 

82*4 

16*4 

144 

141*2 

28*1 

204 

200 -1 

39*8 

264 

258*9 

5«'5 

25 

»4-5 

4*9 

85 

83-4 

16*6 

145 

142*2 

28*3 

205 

201*1 

40-0 

265 

2599 

5»-7 

26 

»5-5 

5-1 

86 

84-3 

i6*8 

146 

143*2 

28*5 

206 

202 -o 

40*2 

266 

260*9 

51*9 

27 

26-5 

5*3 

87 

85-3 

17*0 

147 

144*2 

28-7 

207 

203*0 

40*4 

267 

261*9 

521 

28 

27-5 

5*5 

8H 

86-3 

17*2 

148 

145*2 

28*9 

208 

204*0 

40-6 

268 

262*9 

52*3 

29 

28-4 

5*7 

89 

87-3 

17-4 

149 

146*1 

29*1 

209 

205*0 

40*8 

269 

263*8 

5»-5 

30 

29-4 

S-9 

90 

88-3 

17-6 

150 

147*1 

29*; 

210 

206*0 

41*0 

270 

264*8 

52-7 

31 

30-4 

6'o 

91 

893 

17-8 

idl 

148*1 

295 

211 

206*9 

41*2 

271 

265*8 

529 

32 

3»-4 

6-2 

92 

90*2 

17*9 

152 

149*1 

29-7 

212 

207*9 

41-4 

272 

2668 

53-» 

33 

3^-4 

6.4 

93 

91-2 

iS-x 

153 

150*1 

29*8 

213 

208-9 

41*6 

273 

267-8 

53-3 

34 

33'3 

6*6 

94 

92*2 

18*3 

154 

151*0 

30*0 

214 

209*9 

41*7 

274 

268*7 

53*5 

3d 

34*3 

6-8 

95 

93.2 

i8*5 

155 

152*0 

30*2 

215 

210*9 

41*9 

275 

269*7 

53-6 

M  !  35*3 

7-0 

96 

94-2 

i8-7 

156 

153*0 

304 

216 

211*8 

42*1 

276 

270*7 

538 

37    363 

7*2 

97 

95-1 

18*9 

157 

154-0 

30-6 

217 

212*8 

42*3 

277 

271*7 

540 

M  ,  37*3 

7-4 

98 

96*1 

15*1 

158 

155*0 

30-8 

218 

213*8 

4a-5 

278 

272*7 

54-1 

39     383 

7-6 

99 

97-1 

19-3 

159 

155-9 

31*0 

219 

214*8 

42*7 

279 

273*6 

544 

40 

39.2 

7-8 

100 

98-1 

19-5 

160 

1569 

31*2 

220 

215*8 

42*9 

280 
281 

274-6 

54-6 

41 

40-2 

80 

101 

99-1 

197 

161 

157-9 

31*4 

221 

2i6-8 

43-« 

275*6 

548 

42 

412 

8-2 

102 

100*0 

199 

162 

158*9 

31-6 

222 

217*7 

433 

282 

276-6 

55-0 

43 

42*2 

8-4 

103 

101*0 

20*1 

163 

159*9 

31*8 

223 

218*7 

43-5 

283 

277*6 

55** 

44    43-a| 

8-6 

104 

102*0 

20*3 

164 

1608 

32*0 

224 

219*7 

43*7 

284 

278*5 

55*4 

45 

44*  I 

8-8 

105 

103*0 

20*5 

165 

i6i*8 

32*2 

225 

220*7 

43*9 

285 

279-5 

55-6 

46 

45'i 

9*o 

106 

104*0 

20*7 

166 

162*8 

32-4 

226 

221*7 

44*1 

286 

280*5 

55-8 

47 

46-1 

9*2 

107 

104*9 

20'9 

167 

1638 

32-6 

227 

222*6 

44-3 

287 

281*5 

56*0 

48 

47*1 

9*4 

108 

105*9 

2fl 

168 

164-8 

32*8 

228 

223*6 

44*5 

288 

282*5 

56*2 

49 

481 

9*6 

109 

106*9 

21*3 

169 

165*8 

33*o 

229 

224*6 

447 

289 

283*4 

564 

60 

49*o 

9.8 

110 

107*9 

21-5 

170 

i66*7 

33*2 

230 

2256      449    1 

290 

284-4 

56*6 

51 

50-0 

9.9 

111 

108*9 

21*7 

171 

167*7 

33*4 

231 

226*6 

45' » 

291 

285*4 

56-8 

52 

51-0 

XC'I 

112 

109*8 

21*9 

172 

168*7 

33-6 

232 

227*5 

45-3 

292 

286-4 

57*0 

53 

52-0 

io'3 

113 

110*8 

22'0 

173 

169*7 

33-8 

233 

228*5 

45*5 

293 

287-4 

57-a 

54 

53-0 

io'5 

114 

I1I-8 

22*2 

174 

170*7 

33*9 

234    229*5 

45*7 

294 

288*4 

57-4 

65 

53*9 

io'7 

115 

112*8 

22*4 

175 

171-6 

34- 1 

235 

230*5 

45-8 

295 

2893 

57-6 

56 

54*9 

io*9 

116 

Ti3*8 

22*6 

176 

172-6 

34-3 

236 

231*5 

46-0 

296 

290*3 

57-7 

«7  !  55-9  1 

II-X 

117 

114*8 

22*8 

177 

173*6 

34  5 

237 

232*4 

46*2 

297 

291*3 

57*9 

58 

56-9 

ii'3 

118 

115*7 

23*0 

178 

174*6 

34*7 

238 

133-4 

46*4 

298 

292*3 

581 

69 

57*9 

11-5 

119 

ii6'7 

23*2 

179 

175*6 

34*9 

239 

234*4 

46*6 

299 

293*3 

58-3 

CO 

58-8 

ii'7 

120 

117*7 

23*4 

180 

176*5 

35-1 

240 

»35-4 

46*8 

300 

294*2 

58-5 

Dist 

Dep. 

D.Ut 

Dist 

Dep. 

D.T.at 

Dist. 

Dep. 

D.  Lat. 

Dist 

Dep. 

D.Lat 

Dist. 

Dep. 

D.  Lat 

7  Points.                                                       78"  45      1 
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TRAVEBBE  TABLE  TO  QUARTER-POINTS 

1}  Points.                                                          W  4'      1 

Diit 

DXat 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist. 

D.TAt 

Dep. 

Dtst 

D.Lat. 

Dep. 

Ditt 

.  D.  Lnt 

Dep. 

1 

x-o 

o*a 

61 

59*2 

14-8 

121 

117-4 

29*4 

181 

175*6 

44*0 

241 

233-8 

586 

2 

>-9 

0-5 

68 

6o*i 

15*1 

122 

ii8*3 

29*6 

182 

176*5 

44*2 

242 

a  34*  7 

58-8 

3  !     2'9 

0-7 

63 

6i*i 

15*3 

123 

119-3 

299 

183 

177-5 

445 

243 

135-7 

59*o 

4 

3*9 

i*o 

64 

62"  I 

X5*6 

124 

120*3 

30*1 

184 

178*5 

44-7 

244 

236-7 

59*3 

6 

4-9 

1*2 

65 

63*1 

X5*8 

125 

121*3 

30-4 

185 

179-5 

45*o 

245 

237*7 

595 

6 

11 

1*5 

66 

64*0 

x6'o 

126 

122*2 

30*6 

186 

x8o*4 

45*» 

246 

238*6 

59-8 

7 

1*7 

67 

65*0 
66-0 

x6*3 

127 

123*2 

30*9 

187 

181*4 

45*4 

247 

239*6 

60*0 

8 

7-8 

'•9 

68 

x6'5 

128 

124*2 

3x1 

188 

182-4 

45*7 

248 

240*6 

60*3 

9 

8-7 

2*2 

69 

66*9 

i6*8 

129 

125*1 

31-3 

189 

183*3 

45*9 

249 

241-5 

60*5 

10 
11 

9*7 

a-4 

70 

67*9 

X7*o 

130 

126*1 

31-6 

190 

184-3 

46*2 

250 

242*5 

60-7 

10*7 

2*7 

71 

68*9 

17-3 

131 

127*1 

31*8 

191 

185*3 

464 

251 

143-5 

61-0 

12 

ii<6 

2*9 

72 

698 

17-5 

132 

128*0 

32*1 

192 

186*2 

46*7 

252 

244*4 

61*2 

13 

12*6 

3-a 

73 

70*8 

17*7 

133 

129*0 

31-3 

193 

187*2 

46*9 

253 

145-4 

6x*5 

U 

13-6 

3-4 

74 

71*8 

x8*o 

134 

130*0 

32*6 

194 

188*2 

47*1 

254 

246*4 

6x*7 

15 

14-6 

3-6 

75 

72*8 

l8*2 

135 

131*0 

32*8 

195 

189*2 

47-4 

255 

247*4 

62*0 

16 

iS'5 

3-9 

76 

73*7 

18*5 

136 

131*9 

33-0 

196 

190*1 

47-6 

266 

148-3 

62*2 

17 

,6-5 

4-1 

77 

74*7 

i8-7 

137 

132*9 

33*3 

197 

191*1 

47*9 

267 

H9-3 

62-4 

18 

»r5 

4*4 

78 

75*7 

19*0 

138 

133*9 

33*5 

198 

192*1 

48-1 

268 

250-3 

62*7 

18 

18-4 

4-6 

79 

766 

19*2 

139 

134*8 

33-8 

199 

193-0 

48*4 

259 

251*2 

62*9 

20 

'9*4 

4*9 

80 

77-6 

19-4 

140 

135-8 

34-0 

200 

XQ4-0 

48*6 

260 

252*2 

63*2 

21 

10-4;    5*1 

81 

78*6 

19-7 

141 

136*8 

34*3 

201 

195-0 

48*8 

261 

253*2 

634 

22 

ai-3 

5-3 

82 

79*5 

19*9 

142 

137*7 

34*5 

202 

>95-9 

49*1 

262 

254*1 

63*7 

23 

22*3 

5-6 

83 

805 

20'2 

143 

138-7 

34-7 

203 

196*9 

49*3 

263 

255*1 

639 

24 

23-3 

5-8 

84 

8i'5 

20*4 

144 

»39-7 

35*0 

204 

197*9 

49*6 

264 

256*1 

64- X 

25 

H'3 

6*1 

85 

82*5 

20*7 

145 

140*7 

35*2 

205 

198*9 

49*8 

265 

157-1 

64*4 

26 

25*2 

6-3 

86 

83*4 

20*9 

146 

141*6 

35-5 

206 

199*8 

50*1 

266 

258-0 

64*6 

27 

26-2 

6*6 

87 

84-4 

21*1 

147 

142*6 

35*7 

m 

200*8 

50*3 

267 

259*0 

649 

28 

27-2 

6-8 

fi8 

85-4 

21*4 

148 

143*6 

36*0 

208 

201*8 

50-5 

268 

260*0 

65-1 

29 

28-1 

TO 

89 

86*3 

21*6 

149 

144-5 

36-2 

209 

202*7 

50*8 

269 

260*9 

65-4 

30 

29-1 

7*3 

90 

87-3 

21*9 

150 

H5-5 

36-4 

210 

203*7 

5I-0 

270 

261*9  '  65-6  1 

31 

30*  I 

7*5 

91 

88*3 

22*1 

151 

146*5 

36*7 

211 

204*7 

51-3 

271 

262-9     65-8  J 

38 

31*0 

7-8 

92 

89*2 

22*4 

152 

»47*4 

36-9 

212 

205*6 

5»-5 

272 

263-8 

66*  X 

33 

32*0 

8-0 

93 

90*2 

22*6 

153 

148*4 

37-2 

213 

206*6 

51*8 

273 

264-8 

66*3 

34 

33-0 

8-3 

94 

9i'» 

22*8 

154 

I49'4 

37*4 

214 

207*6 

52*0 

274 

265-8 

66-6 

85 

34-0 

8-5 

05 

92*2 

23*1 

155 

150-4 

37-7 

215 

208' 6 

52*2 

275 

266*8 

66*8 

36 

34-9 

8-7 

96 

93-1 

23*3 

156 

1513 

37-9 

216 

209*5 

52-5 

276 

267*7 

67-1 

37 

35*9 

9*0 

97     94"  I  1 

23*6 

167 

152-3 

38-1 

217 

210*5 

52*7 

277 

268*7 

67-3 

38 

36-9 

9-2 

98 

951 

23*8 

158 

'53*3 

38*4 

218 

2X1*5 

53-0 

278 

269*7 

67-5 

39 

37-8      9-5 1 

99 

96*0 

24*1 

159 

154-2 

38-6 

219 

212*4 

53-» 

279 

270*6 

67*8 

40 

38-8 

9-7 

100      97'o 

24*3 

160 

155*2 

38-9 

220 

213*4 

53-5 

280 

271*6 

68-0 

41 

39*8 

10*0 

101 

98*0 

M'5 

161 

156*2 

39-1 

221 

214*4 

53*7 

281 

272*6 

68*3 

42 

407 

ZO'2 

102 

98-9 

248 

162 

1571 

39'4 

222 

115-3 

53*9 

282 

173*5 

68-5 

43 

41-7 

IO-4 

103 

99*9 

25*0 

163 

158*1 

39*6 

223 

2x6*3 

54-i 

283 

174*5 

68-8 

44 

427 

io'7 

104 

ioo'9 

15-3 

164 

159-1 

398 

224 

217*3 

54*4 

284 

175-5 

69*0 

45 

43*7 

io'9 

106 

101*9 

»5-5 

165 

i6o*i 

40-1 

225 

2x8*3 

54-7 

285 

276-5 

69*2 

46 

44.6 

ii*a 

106 

102*8 

25*8 

166 

161*0 

40-3 

226 

2x9*2 

54*9 

286 

277*4 

69*5 

47 

45-6 

11-4 

107 

103*8 

26*0 

167 

162*0 

40*6 

227 

220*2 

55'* 

287 

278*4 

69*7 

48 

46-6 

11-7 

108 

104*8 

26*2 

168 

163*0 

40-8 

228 

221*2 

55-4 

288 

179*4 

70*0 

49 

47*5 

11-9 

109 

105*7 

26*5 

169 

1639 

41*1 

229 

222-1 

55-6 

289 

280*3 

70*2 

50 

48-5 

12' I 

110 

xo6*7 

26*7 

170 

164*9 

41-3 

230 

223*1 

55-9 

290 

28x*3 

70*5 

51 

49*5 

i»"4 

111 

1077 

27*0 

171 

165*9 

41-5 

231 

224*1 

56*1 

291 

282*3 

70-7 

52 

504 

I2'6 

112 

108*6 

27*2 

172 

i66*8 

41*8 

232 

225*0 

56-4 

292 

283-2 

7X*o 

53 

514 

12*9 

113 

109*6 

^rs 

173 

1678 

42*0 

233 

226*0 

566 

293 

284-2 

71*2 

54 

52-4 

131 

114 

110*6 

27*7 

174 

168*8 

42-3 

234 

227*0 

56-9 

294 

285-2 

71*4 

«    53-41 

13-4 

115 

1X1*6 

27-9 

175 

169*8 

4»*5 

235 

228-0 

57-1 

295 

286*2 

71-7 

56 

54*3 

13*6 

116 

112*5 

28*2 

176 

170*7 

42*8 

236 

228*9 

57*3 

296 

287*1 

71*9 

W 

55*3 

13*8 

117 

1135 

28*4 

177 

171*7 

43-0 

237 

229*9 

57-6 

297 

288-1 

72*2 

58 

563 

14-1 

118 

114*5 

28»7 

178 

172*7 

43*3 

2.38 

230*9 

57-8 

298 

289*1 

72*4 

50 

57*2 

H'3 

119 

115*4 

28*9 

179 

173-6 

43*5 

239 

231*8 

58-1 

299 

290-0 

72*7 

60 

58-2 

14-6 

120 

116*4 

29-2 

180 

174-6 

43*7 

240 

232*8 

58-3 

300 

291*0 

72*9 

E 

Dep. 

D.Ul 

Dit 

Dep.   D.Lat| 

Dist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.  Lat. 

Dibt 

Dep. 

D.Lat. 

t 
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Di8tjD.Lat 

Dep. 

DUt 

D.Lat 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

DUt 

D.Lat 

I>a|». 

1 

I'O 

0-3 

61 

58-4 

17*7 

121 

1X5-8 

35-1 

181 

173*» 

5»-5 

241 

230*6 

70-0 

2 

'•9 

o«6 

62 

59*3 

18*0 

122 

ii6*7 

35*4 

182 

X74*a 

52-8 

242 

23I-6 

70*2 

S 

a'o 

o'9 

63 

6o'3 

x8*3 

123 

117-7 

35*7 

183 

175-1 

53-1 

243 

232-5 

70*5 

4 

3-8 

1*2 

64 

61*2 

i8*6 

124 

118-7 

36-0 

184 

176*1 

53*4 

244 

»33-5 

70-8 

5 

4-8 

1*5 

65 

62*2 

x8*9 

125 

1x9*6 

36*3 

185 

177*0 

53'7 

245 

»34-S 

71- 1 

G 

5'7 

i'7 

66 

63*2 

19*2 

1*26 

I20*6 

366 

186 

178*0 

54*0 

246 

*35*4 

71-4 

7 

6-7 

2*0 

67 

64*1 

19*4 

127 

I2X-5 

36-9 

187 

178-9 

54*3 

247 

236*4 

7x*7 

8 

7-7 

»'3 

68 

65-1 

19*7 

128 

122-5 

37*a 

188 

179*9 

54-6 

248 

437-3 

72*0 

9 

8-6 

2-6 

69 

66*0 

20*0 

129 

123*4 

37*4 

189 

i8o*9 

54*9 

249 

238*3 

72*3 

10 

9*6 

2-9 

70 

67*0 

20'3 

130 

X24-4 

37*7 

190 

181*8 

55*a 

250 

239-2 

72-6 

11 

lo's 

3-2 

71 

67-9 

20*6 

131 

125-4 

380 

191 

182-8 

554 

251 

240*2 

72-9 

12 

irs 

3"5 

72 

68*9 

20*9 

132 

126-3 

38-3 

192 

183*7 

55*7 

252 

241*1 

73-4 

13 

"•4 

3-8 

73 

699 

21*2 

133 

127*3 

38-6 

193 

184-7 

56*0 

253 

242*1 

73*4 

14 

13-4 

4*1 

74 

70-8 

2X-5 

134 

128-2 

38-9 

194 

185*6 

56*3 

254 

243*1 

73-7 

15 

14*4 

4*4 

75 

71-8 

21-8 

135 

129-2 

39-» 

195 

x86-6 

56-6 

255 

244-0 

74-0 

16 

15-3 

4-6 

76 

72-7 

22*1 

136 

1 30- 1 

39*5 

196 

187-6 

56*9 

256 

245-0 

74*3 

17 

i6*3 

4'9 

77 

73*7 

22*4 

137 

X3i*i 

39*8 

197 

x88*5 

57*2 

257 

445-9 

74-6 

18 

17*2 

5* 

78 

74-6 

22*6 

138 

132*1 

40-1 

198 

189-5 

57-5 

258 

246-9 

74*9 

19 

l8-2 

5'S 

79 

75-6 

22*9 

139 

133-0 

40-3 

199 

190-4 

57*8 

259 

247*8 

75-a 

20 

19*1 

5-8 

80 

76-6 

23*2 

140 

134-0 

40-6 

200 

X9I-4 

58-x 

260 

248*8 

75-5 

21 

20*I 

61 

81 

77*5 

»3-5 

141 

X34-9 

409 

201 

X92-3 

583 

261 

249*8 

75-3 

22 

21*1 

6-4 

82 

78-5 

23-8 

142 

^5*9 

41-2 

202 

193-3 

58*6 

262 

250-7 

76*1 

23 

22*0 

6-7 

83 

79'4 

24-1 

143 

136-8 

41-5 

203 

'94-3 

58-9 

268 

251*7 

76-3 

24 

23-0 

7-0 

84 

80-4    24-4! 

144 

137-8 

41-8 

204 

195-2 

59*2 

264 

252*6 

76*6 

25 

a3'9 

7*3 

85 

8i-3 

a4'7 

145 

138-8 

42- X 

205 

196*2 

59'5 

265 

253-6 

76-9 

26 

24-9 

7*5 

86 

82'3 

25-0 

146* 

'39*7 

42*4 

206 

X97-1 

59-8 

266 

454-5 

77-4 

27 

25-8 

7-8 

87 

83-3 

25-3 

147 

140-7 

42-7 

207 

198- X 

6o*x 

267 

455-5 

77*5 

28 

26*8 

8-1 

88 

84-2 

*5*5 

148 

141*6 

43-0 

208 

199-0 

6o'4 

268 

256*5 

77-8 

29 

27*8 

8-4 

89 

85-2 

25*8 

149 

142-6 

43*3 

209 

200-0 

60-7 

269 

457-4 

781 

30 

28-7 

8-7 

90 

86-1 

26*1 

150 

'43*5 

43-5 

210 

201*0 

61*0 

270 

258*4 

78-4 

31 

29-7 

9-0 

91 

87-1 

26*4 

151 

144-5 

43*8 

211 

201*9 

6x*3 

271 

4593 

78*7 

32 

30*6 

9*3 

92 

88-0 

26-7 

152 

H5*5 

44-1 

212 

202*9 

61*5 

272 

260-3 

79-0 

33     3ve 

96 

93 

89-0 

27-0 

153 

146-4 

44*4 

213 

203*8 

61*8 

273 

261-2 

79-4 

34 

3^-5 

99 

94 

90-0 

27-3 

154 

H7-4 

44-7 

214 

204-8 

62-1 

274 

262-2 

79*5 

35 

33*5 

XO*2 

95 

90'9 

27*6 

155 

148*3 

45*0 

215 

205*7 

62*4 

275 

263-2 

79-8 

36 

34*4 

io*5 

96 

91-9 

27-9 

156 

'49*3 

45*3 

216 

206*7 

62*7 

276 

264*1 

80*1 

37 

35*4 

io'7 

97 

92*8 

28*2 

157 

150-2 

45*6 

217 

207-7 

63*0 

277 

265*1 

80*4 

38 

36-4 

iro 

98 

93-8 

28*4 

158 

151-2 

45-9 

218 

208 -6 

63-3 

278 

266*0 

8o*7 

39 

37-3 

11-3 

99 

94'7 

28-7 

159 

152-2 

46-2 

219 

209*6 

63-6 

279 

267*0 

8x*o 

40 

383 

ir6 

100 

95*7 

29-0 

160 

153*1 

46-4 

220 

210-5 

639 

280 

267-9 

81-3 

41 

39*1 

11-9 

101 

96-7 

»9'3 

161 

154-1 

46*7 

221 

211-5 

642 

281 

268*9 

8x-6 

42 

40*2 

12*2 

102 

97'6 

29'6 

162 

155-0 

47*0 

222 

212*4 

64-4 

282 

269*9 

8i'9 

43 

411 

12*5 

103 

98*6 

29*9 

163 

156-0 

47-3 

223 

2X3*4 

64-7 

283 

270*8 

822 

44 

421 

12*8 

104 

99*5 

30*2 

164 

156*9 

47*6 

224 

214-4 

65-0 

284 

271-8 

82-4 

45 

43' I 

131 

105 

ioo*5 

30*5 

166 

'57*9 

4/  9 

225 

215*3 

65-3 

285 

474-7 

827 

46 

44.0 

13-4 

106 

xox'4 

30-8 

166 

158-9 

48-2 

226 

216-3 

656 

286 

473-7 

830 

47 

45-0 

13-6 

107 

102*4 

31-1 

167 

159-8 

48.5 

227 

217*2 

65-9 

287 

274*6 

«3-3 

48 

45*9 

»3'9 

108 

103*3 

31*4 

168 

X60-8 

48-8 

228 

218*2 

66*2 

288 

275*6 

83*6 

49 

46-9 

14-2 

109 

104-3 

31*6 

169 

161-7 

49-1 

229 

219*1 

66-5 

289 

276*6 

839 

50 
51 

47-8 

H-5 

110 

105-3 

3x*9 

170 

162-7 

49-3 

230 

220-1 

66*8 

290 

277*5 

84-4 

488 

14-8 

111 

106'2 

32*2 

171 

1636 

496 

231 

221- X 

67*1 

291 

278*5 

84-5 

62 

49-8 

15-1 

112 

107*2 

3»'S 

172 

164-6 

49-9 

232 

222*0 

67*3 

292 

479-4 

84-8 

53 

507 

'5'4 

113 

108. 1 

32-8 

173 

165-6 

50-2 

233 

223*0 

67*6 

293 

280-4 

85-1 

54 

Si'7 

15-7 

\U 

109*1 

33*1 

174 

166-5 

50*5 

234 

223-9 

67*9 

294 

281-3 

«5-3 

55 

52*6 

i6*o 

115 

1x0*0 

33*4 

175 

167*5 

50- 8 

235 

224*9 

68*2 

295 

282-3 

85-6 

56 

53'6 

i6*3 

116 

III'O 

33*7 

176 

168-4 

5I-I 

236 

225-8 

68*5 

296 

283-3 

!r' 

57 

54*5 

x6'5 

117 

XI2*0 

34*o 

177 

169-4 

5>*4 

237 

226-8 

68*8 

297 

284*2 

86-2 

58 

55*5 

i6-8 

118 

112*9 

34*3 

178 

X70-3 

51*7 

238 

227-8 

69-1 

298 

*!r* 

86-5 

59 

56-5 

17-1 

119 

113*9 

34*5 

179 

171*3 

52-0 

239 

228-7 

69-4 

299 

286*1 

86*8 

60 
Dist 

57*4 

J7-4 

120 

114*8 

34-8 

180 

172*2 

52-3 

240 

229-7 

69-7 

300 

287*1 

8ri 

Dep. 

D.Lot 

Dist. 

Deji. 

D.Ut 

Di8t.j  Dep. 

D.  Lat. 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat 

• 
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If  Points. 

19°  41'      j 

Dist 

.  D.Ut 

Dep. 

Dist. 

D.Lot. 

Dep. 

I>isL  D.  Lat. 

r 

Dep. 

Dist. 

D.  Lnt. 

Dep. 

Dist 
241 

D.  Lat.    Dep.  1 

1 

0-9 

0-3 

61 

57*4 

20-6 

1*21 

113-9 

40-8 

181 

170*4 

6i*o 

226*9 

81*2 

2 

1*9 

0-7 

62 

58-4 

20*9 

122 

114-9 

41-1 

182 

171*4 

61-3 

'242 

227-9 

81-5 

3 

2-8 

I'O 

63 

59'3 

21*2 

12^ 

115*8 

414 

183 

i7a'3 

61-7 

243 

228-8 

81-9 

4 

3-8 

>-3 

64 

60-3 

21'6 

124 

116-8 

41-8 

184 

173-2 

62*0 

244 

229*7 

82-2 

5 

4*7 

1*7 

65 

6l'2 

21-9 

125 

1177 

42-1 

186 

1 74- a 

62-3 

245 

230-7 

82-5 

6 

5-6 

a'o 

66 

62- 1 

22'2 

126 

118*6 

42*4 

186 

175-1 

62*7 

246 

231-6 

82-9 

7 

6-6 

a-4 

67 

63'! 

22-6 

127 

119*6 

42-8 

187 

176*1 

63*0 

247 

232-6 

83-2 

8 

rs 

a- 7 

68 

64*0 

22*9 

128 

120*5 

43*1 

188 

177*0 

63-3 

248 

a33-5 

83-5 

9 

8-5 

3-0 

69 

65*0 

23-2 

129 

121*5 

43*5 

189 

178-0 

63-7 

249 

*34-4 

83-9 

10 

9*4 

3*4 

70 

65-9 

23*6 

130 

122*4 

43-8 

190 

178*9 

64*0 

250 

*35-4 

84-2 

U 

io*4 

3'7 

71 

66-8 

23*9 

131 

123*3 

44-1 

U)\ 

i79'8 

64*3 

251 

236-3      84*6  1 

12 

II-3 

4-0 

72 

67-8 

24*3 

132 

124*3 

44-5 

192 

180-8 

64*7 

252 

237-3 

,    84*9 

13 

ii'a 

4'4 

73 

687 

24-6 

133 

125*2 

44-8 

193 

181-7 

65*0 

263 

238-2 

85-Z 

14 

13-2 

4'7 

74 

697 

24-9 

134 

126-2 

45-1 

194 

182-7 

65-4 

254 

239*2 

85-6 

16 

14- 1 

5*1 

75 

70*6 

25*3 

135 

127*1 

45*5 

195 

183-6 

65*7 

266 

240-1 

85*9 

16 

15-1 

5*4 

76 

71*6 

25*6 

136 

128*0 

45-8 

196 

184*5 

660 

266 

241-0 

86-2 

17 

i6'o 

5*7 

77 

72-5 

*5*9 

137 

129-0 

46*2 

197 

185*5 

66*4 

257 

242*0 

86*6 

18 

i6*9 

6-1 

78 

73*4 

26*3 

138 

129-9 

46*5 

198 

186-4 

66-7 

258 

242*9 

86-9 

19 

^rs 

6-4 

79 

74*4 

26*6 

139 

130-9 

46-8 

199 

187-4 

67*0 

259 

»43-9 

87*3 

20 

i8-8 

6-7 

80 

75*3 

27*0 

140 

131-8 

47-2 

200 

188-3 

67-4 

260 

244-8 

876 

21 

19*8 

7*1 

81 

76*3 

17-3 

141 

132*8 

47*5 

201 

189-3 

677 

261 

245*7 

87-9 

22 

ao-7 

7*4 

82 

77-2 

1  27*6 

142 

133*7 

47-8 

202 

190-2 

68*1 

262 

246-7 

8S-3 

23 

21'7 

7"7 

83 

78-1 

28*0 

143 

134*6 

48*2 

203 

191-1 

68*4 

263 

247*6 

88-6 

24 

2X*6 

8-z 

84 

79-1 

28*3 

144 

135*6 

48*5 

204 

192*1 

68*7 

264 

248-6 

88*9 

25 

»3"5 

«-4 

85 

8o-o 

28-6 

146 

1365 

488 

205 

193-0 

69*1 

266 

H9-5 

89*3 

26 

»4-5 

8-8 

86 

8i*o 

29*0 

146 

137-5 

49*2 

206 

194*0 

69*4 

266 

250-5 

89-6 

27 

*5-4 

9"  I 

87 

8i*9 

29*3 

147 

138*4 

49-5 

207 

1949 

69*7 

267 

251*4 

89-9 

28 

a6*4 

9*4 

88 

829 

29*6 

148 

»39'3 

49-9 

208 

195-8 

70*1 

268 

252*3 

90*3 

29 

47' 3 

9-8 

89 

83-8 

30-0 

149 

»4o*3 

50*2 

209 

196*8 

70-4 

269 

253-3 

90*6 

30 

28-2 

lO'l 

90 

847 

30-3 

150 

1412 

50-5 

210 

197-7 

70-7 

270 

254*2 

91*0 

31 

29*2 

10-4 

91 

85-7 

3o'7 

151 

142*2 

50*9 

211 

198-7 

71*1 

271 

255*2 

91*3 

32 

3o*i 

10*8 

92 

86-6 

31*0 

152 

143*1 

51*2 

212 

199*6 

71*4 

272 

256-1 

91-6 

33 

31-1 

ii'i 

93 

87-6 

31-3 

153 

144*1 

51-5 

213 

200*5 

71-8 

273 

257*0 

92*0 

34 

32*0 

"•5 

94 

88*5 

31*7 

154 

145*0 

51-9 

214 

201-5 

72-1 

274 

258-0 

92*3 

35 

33-0 

II-8 

96 

89-4 

32*0 

155 

145-9 

52*2 

216 

202'4 

72-4 

276 

258*9 

92*6 

36 

33-9 

12*  I 

96 

90-4 

32-3 

156 

146-9 

52*6 

216 

203-4 

72-8 

276 

259*9 

93*0 

37 

34-8 

125 

97 

91-3 

32*7 

167 

147*8 

52-9 

217 

204*3 

73-1 

277 

260-8 

93-3 

38 

35-« 

I2-8 

98 

92-3 

33*o 

168 

148-8 

53*» 

218 

205-3 

73-4 

278 

261-7 

93*7 

39 

36-7 

131 

99 

93*a 

33*4 

169 

H9-7 

53*6 

219 

206'2 

73-8 

279 

262-7 

94*0 

40 

37'7 

13-5 

100 

94-2 

33*7 

160 

150-6 

53-9 

220 

207*1 

74-1  . 

280 

263*6 

94*3 

41 

38-6 

13-8 

101 

95*1 

34-0 

161 

151-6 

54-* 

221 

208*1 

74*5 

281 

264-6 

94*7 

42 

39"  5 

14-1 

102 

96*0 

34'4 

162 

152*5 

54-6 

222 

209-0 

74-8 

382 

2655 

95*0 

43 

40-5 

14*5 

103 

97-0 

34-7 

163 

153-5 

54*9 

223 

2IO-0 

75-1 

283 

266*5 

95-3 

44    41-41 

14-8 

104 

97*9 

350 

164 

154-4 

55-a 

224 

2IO'9 

75-5 

284 

267*4 

95*7 

4a 

4*-4 

15-2 

105 

989 

35*4 

166 

155-4 

55-6 

225 

211*8 

75-8 

285 

2683 

96-0 

46 

43*3 

155 

106 

99-8 

35*7 

166 

156*3 

55*9 

226 

212-8 

76*1 

286 

269-3 

964 

47 

44-3 

15-8 

107 

1007 

36*0 

167 

157-2 

56*3 

227 

213*7 

76*5 

287 

270-2 

96-7 

48 

45* 

162 

108 

ior7 

364 

168 

158-2 

566 

22a 

214*7 

76*8 

288 

271*2 

97-0 

49 

46"  I 

165 

109 

I02*6 

367 

169 

159-1 

56-9 

22f> 

215*6 

77*1 

289 

272-1 

97-4 

50 

51 

47' I 

16-8 

110 

io3»6 

37-1 

170 

160*  I 

57*3 

2H0 

2i6-6 

77*5 

290 

273*0 

97-7 

48*0 

17-2 

111 

104-5 

37-4 

171 

i6i*o 

57-6 

231 

*i7"5 

77-8 

291 

274-0 

98*0 

52 

49-0 

17-5 

113 

105-5 

37-7 

172 

161*9 

57-9 

232 

218-4 

78*2 

292 

2749 

98-4 

53 

49*9 

17*9 

113 

106*4 

38-1 

173 

162-9 

58-3 

233 

219-4 

78*5 

293 

275-9 

98-7 

54 

50-8 

18-2 

114 

107-3 

38*4 

174 

163*8 

58*6 

234 

220*3 

78*8 

294 

276*8 

99.0 

55 

518 

i8'5 

115 

108-3 

387 

175 

164*8 

59-0 

235 

221*3 

79- 2 

296 

277-8 

99*4 

56 

527 

1^-9 

116 

109  2 

39*  1 

176 

1657 

59'3 

236 

222*2 

79-5 

296 

278*7 

99*7 

57 

53'7 

19-2 

117 

110-2- 

39*4 

177 

166-7 

59*6 

237 

223-1 

79*8 

297 

279*6 

100*1 

58 

54'6 

19-5 

118 

lll'l 

39-8 

178 

167-6 

6o-o 

238 

224*1 

802 

-298 

2806 

ioo'4 

69  I  55-6 

19*9 

119 

II2'0 

40*1 

179 

168-5 

60"  3 

239 

225*0 

80*5 

399 

281*5 

100*7 

60 

1S6'5 

20*2 

190 

113*0 

40-4 

180 

169-5 

6o*6 

240 

226-0 

80-9 

300 
Disf. 

282-5 

loi-i 

Dist 

Dftp. 

D.Lai 

Dist. 

Dep. 

D.Lat 

Dist   Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat. 

Dep. 

D.  Lat. 

6J  Points. 

70**  19'      1 

1 


430 


rt^ 


lABLE  1 


TRAVERSE  TABLE  TO  QUARTER-POINTS                                 | 

2  Points.                                                         2Sf  9ff     \ 

nistJD.LatiDep.l 

Dist. 

D.  Let. 

Dep. 

Dist. 

D.  Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

1 

1 

o*9 

0*4 

61 

56*4 

23-3 

121 

xii-8 

46-3 

181 

167*2 

69*3 

241 

222*7 

92*2 

2 

1-8 

o*8 

62 

57*3 

23*7 

122 

1x2-7 

46*7 

182 

i68*x 

69-6 

242 

223*6 

92-6 

3 

2-8 

1*1 

63 

58*2 

24- X 

123 

xx3*6 

47-1 

183 

x69-x 

70*0 

243 

224-5 

9J-0 

4 

3*7 

1*5 

04 

591 

a4-5 

124 

xi4*6 

47-5 

184 

170-0 

70*4 

244 

225-4 

93*4 

5 

4-6 

1*9 

65 

OO'I 

24-9 

126 

115-5 

47-8 

185 

170-9 

70*8 

246 

220-4 

93*8 

n 

5*5 

a*  3 

66 

61*0 

25*3 

126 

ii6'4 

48-2 

186 

171-8 

71*2 

246 

227*3 

94*1 

7 

6-5 

2*7 

67 

61-9 

25'6 

127 

117-3 

48-6 

187 

172*8 

7x*6 

247 

228-2 

94-5 

8 

7*4 

3-1 

68 

62*8 

26*0 

128 

ii8'3 

49-0 

188 

173*7 

71*9 

248    229-1  1 

94-9 

9 

8-3 

3*4 

69 

63-7 

26*4 

129 

XX9-2 

49'4 

189 

174-6 

74.3 

249    230*0 

95*3 

10 

9* 

3-8 

70 

64-7 

26-8 

130 

X20-I 

49-7 

190 

175*5 

72*7 

250    231*0 

95*7 

11 

10*2 

4*2 

71 

65-6 

27*2 

131 

X21*0 

50-1 

191     176-5 

73-1 

251 

231-9        96-1  1 

12 

II'X 

4*6 

72 

66*5 

27*6 

132 

122-0 

50*5 

192 

177*4 

73*5 

252 

232*8        96*41 

13 

I2'0 

5-0 

73 

67-4 

27*9 

133 

X22'9 

509 

193 

178-3 

73*9 

263 

a33-7 

96-8 

14 

12*9 

5*4 

74 

68*4 

28*3 

134 

X23-8 

51-3 

194 

179-1 

74*2 

254 

234*7 

97*2 

lA 

13-9 

5*7 

76 

69*3 

28-7 

136 

124-7 

51-7 

195 

x8o*2 

74*6 

265 

2356 

976 

16 

14- 8 

61 

76 

70*2 

29*1 

136 

125*6 

52*0 

196 

i8x*x 

75*0 

256 

236-5 

98*0 

17 

IS*7 

6*5 

77 

7X'x 

29-5 

137 

126-6 

52*4 

197 

182-0 

75-4 

257 

237*4 

98*5 

18 

i6-6 

6*9 

78 

72*1 

29*8 

138 

127-5 

52*8 

198 

182-9 

75*8 

258 

238*4 

98*7 

19 

17*6 

7*3 

79 

73*o 

30*2 

139 

128-4 

53-a 

199 

183*9 

76-2 

259 

239*3 

99*1 

20 

i8-5 

7*7 

80 

73*9 

30*6 

140 

X29-3 

53-6 

200 

184*8 

76*5 

260 

240*2 

99*5 

21 

19-4 

8-0 

81 

74*8 

31*0 

141 

130-3 

54-0 

201 

185-7 

76-9 

261 

241*1 

99*9 

22 

20'3 

8*4 

82 

75-8 

3X-4 

142 

X3I-2 

54*3 

202 

x86-6 

77'3 

262 

242*1 

ico*3 

23 

21*2 

i'S 

83 

76-7 

31*8 

143 

X32*X 

54*7 

203 

187-5 

77-7 

263 

243-0 

100*6 

24 

22*2 

9-2 

84 

77*6 

32*  X 

144 

X33-0 

55-1 

204 

188-5 

78-1 

264 

*43-9 

loi-o 

26 

»3-i 

9*6 

86 

78-5 

32*5 

146 

X34-0 

55-5 

205 

189-4 

78-5 

265 

244*8 

101*4 

26 

24*0 

9'9 

86 

79*5 

329 

146 

134-9 

55-9 

206 

190*3 

78*8 

266 

245*8 

xox-8 

27 

24*9 

xo*3 

87 

804 

33*3 

147 

135-8 

56*3 

207 

X9X-2 

79-a 

267 

246-7 

IOX-2 

28 

25*9 

10*7 

88 

8i*3 

33-7 

148 

136-7 

56*6 

208 

X92*2 

79*6 

268 

247*6 

102-6 

29 

26-8 

11*1 

89 

82-2 

34*  > 

149 

137*7 

57*0 

209 

193-1 

80*0 

269 

248*5 

X02*9 

80 

27*7 

11*5 

90 

83-1 

34*4 

160 

138-6 

57*4 

210 

194*0 

8o'4 

270 

249*4 

103*3 

81 

28*6 

ix'9 

91 

84- X 

34*8 

151 

139*5 

57-8 

311 

194-9 

80*7 

271 

250*4 

103-7 

32 

29*6 

12*2 

92 

85-0 

35-2 

152 

140*4 

582 

212 

195-9 

8i*x 

272 

»5i-3 

104*1 

33 

30-5 

12-6 

93 

85-9 

35*6 

153 

141-4 

58-6 

213 

196-8 

81*5 

273 

252*2 

104-5 

34 

3i'4 

x3*o 

94 

86-8 

i6*o 

154 

Hi*  3 

58-9 

214 

197-7 

81*9 

274 

2531 

104-9 

35 

3»*3 

13*4 

96 

87*8 

36-4 

155 

143-2 

59*3 

215 

X98-6 

82-3 

276 

254-1 

105*2 

36 

33*3 

13-8 

96 

88-7    36-7 

166 

144-1 

59'7 

216 

199-6 

82-7 

276 

255-0 

105*6 

37 

34'a 

14-2 

97 

89-6    37'x 

167 

145*0 

60- X 

217 

200-5 

83*0 

277 

»55-9 

ic6*o 

38     351 

14-5 

98 

90-5 

37*5 

158 

x46*o 

60-5 

218 

201-4 

83-4 

278 

256*8 

106-4 

39  !  36*0 

14*9 

99 

9X*5 

37.9 

159 

X46*9 

6o*8 

219 

202-3 

83*8 

279 

2578 

io6-8 

40 

37-0 

15-3 

100 

92*4 

38*3 

160 

147-8 

6x-2 

220 

203*3 

84*2 

280 

258*7 

107*2 

41 

37*9 

15*7 

101 

93*3 

38-7 

161 

148*7 

61*6 

221 

204*2 

84*6 

281 

259-6 

107*5 

43 

38*8 

i6*i 

102 

94*2 

39-0 

162 

149*7 

62*0 

222 

205*1 

85*0 

282 

260*5 

107-9 

43 

39*7 

16-5 

.103 

95*2 

39*4 

163 

X50-6 

62*4 

223 

206-0 

85*3 

283 

261*5 

108-3 

44 

40*7 

168 

104 

96*1 

39*8 

164 

151*5 

62*8 

224 

*o6*9 

85*7 

284  ^  262-4 

108? 

45 

41*6 

17*2 

106 

97.0 

40*2 

165 

X52-4 

63*1 

226 

207*9 

86*1 

286 

2633 

109*1 

46 

42*5 

17*6 

106 

97*9 

40*6 

166 

153-4 

63-5 

2-26 

208' 8 

86*5 

286 

264-2 

109*4 

47 

43-4 

i8*o 

107 

98*9 

40*9 

167 

154-3 

63-9 

227 

209*7 

86*9 

287  i  2652 

109-8 

48 

44*3 

x8*4 

108 

99-8 

41-3 

168 

155-2 

64-3 

228 

210-6 

87-3 

288  1  266*  1 

110-2 

49 

45*3 

18*8 

109 

ioo*7 

4X*7 

.169 

156*1 

64-7 

229 

2XX-6 

87*6 

21*^  (  267-0 

110-6 

50 

46*2 

X91 

110 

ioi*6 

42*  X 

170 

157-1 

65-1 

230 

212-5 

88*0 

290 

267*9 

111*0 

51 

47*  X 

19*5 

111 

ioa-6 

4»-5 

171 

158*0 

65-4 

231 

2X3*4 

88*4 

291 

268*8 

iix'4 

52 

48-0 

19*9 

112 

103-5 

4a-9 

172 

158-9 

65-8 

232 

2x4*3  1  88*8 

392 

269*8 

111*7 

53 

49«o 

20*3 

113 

104*4 

43-2 

173 

159-8 

66-a 

233 

215*3 

89*2 

393 

270*7 

112*1 

54 

49*9 

ao*7 

114 

105-3 

43*6 

i74 

160*8 

66*6 

234 

ai6'2 

89-5 

294 

271-6 

112*5 

65 

50*8 

21*0 

116 

106*  2 

44'o 

176 

x6x*7 

67*0 

235 

217-1 

899 

295 

27*- 5 

112*9 

66 

51-7 

21*4 

116 

107*2 

• 

44*4 

176 

X62-6 

67*4 

386 

21 8*0 

90-3 

896 

473-5 

"3-3 

67 

52-7 

21*8 

117 

xoS'x 

44-8 

177 

163*5 

67.7 

237 

219-0 

90-7 

397 

*74-4 

113-7 

58 

53*6 

22*2 

118 

109*0 

45"a 

178 

164*5 

68*1 

238 

219*9 

91*1 

898 

*75-3 
276*2 

114*0 

69  J  54-5 

22*6 

119 

109*9 

45*5 

179 

i6c*4 
x66*3 

68-5 

239 

220*1 

9«-5 

899 

114-4 

60  1  55-4 

23*0 

120 

1x0*9 

45*9 

180 

68*9 

240 

221*7 

91*8     300 

277-2 

iH'8 

DM  Dep. 

D^Lai 

Dist 

.  Dep. 

D.UtlDist 

.   Dep. 

D.Lat 

Dist 

.   Dep. 

D.  Lat.  Dist 

.   Dep. 

D.I^t 

6  Points.                                  er  JW 

TAB1.E  1 


43i 


TRAVERSE  ' 

1  ABLE  TO  QUA 

RTE 

;r-points 

3^  Points. 

26* 

*vy 

DUt 

D.Ut 

Dep. 

Dist 

D.  Lat. 

Dep. 

Dist. 

D.  Lot. 

Dep. 

Dist. 

D.  Lat. 

Dep. 

Dist. 

D.Lat 

Dop. 

1 

o*9 

04 

61 

551 

26*1 

121 

109*4 

51*7 

181 

163*6 

77*4 

241 

217-9 

103*0 

2 

1-8 

0-9 

r>2 

56*0 

26-5 

122 

iio*3 

52*2 

182 

1645 

77-8 

242 

218-8 

103*5 

3 

2-7 

»*3 

C3 

57*o 

26-9 

123 

111*2 

52*6 

183 

165*4 

78*2 

243 

219*7 

103*9 

4 

3-6 

1-7 

64 

S7-9 

27*4 

1*24 

112*1 

53-0 

184 

166-3 

78*7 

244 

220*6 

104-3 

5 

4*5 

2*1 

66 

58-8 

27-8 

\2Ct 

113*0 

53*4 

185 

167-2 

79*1 

245 

221*5 

104-8 

6 

5*4 

2'6 

66 

59'7 

28*2 

126 

113*9 

53*9 

186 

1681 

79*5 

246 

222*4 

105-2 

7 

6-3 

30 

67 

6o-6 

28*6 

127 

114*8 

54*3 

187 

169*0 

80*0 

247 

223-3 

105*6 

8 

7-1 

34 

68 

6i*5 

29*  I 

128 

115*7 

54-7 

188 

1699 

8o*4 

248 

224*2 

ic6-o 

9 

8i 

3-8 

69 

62-4 

29-5 

129 

116-6 

55-2 

189 

170-9 

80*8 

249 

225*1 

ic6'5 

10 

9-0 

4*3 

70 

63-3 

29-9 

130 

117-5 

55-6 

190 

171-8 

81*2 

260 

226*0 

106-9 

11 

9*9 

4*7 

71 

64-2 

30-4 

131 

118-4 

560 

191 

i72«7 

81*7 

251 

2269 

107-3 

12 

10-8 

5' 

72 

6s-, 

30-8 

132 

119*3 

56-4 

192 

173-6 

82*1 

252 

227*8 

107-7 

13 

11*8 

5-6 

73 

66-0 

31-2 

\X\ 

120*2 

569 

193 

»74'5 

82*5 

253 

228*7 

108'2 

14 

I1-7 

6*o 

74 

66*9 

31-6 

134 

121*1 

57*3 

194 

175*4 

82*9 

264 

229*6 

108-6 

15 

13-6 

6-4 

75 

67-8 

.32-1 

136 

122*0 

57*7 

193 

176-3 

83*4 

255 

230*5 

109*0 

16 

H'S 

6-8 

76 

68-7 

32-5 

136 

122*9 

581 

196 

177-2 

838 

266 

a3'-4 

109-5 

17 

'5*4 

7*3 

77 

69-6 

32-9 

137 

123*8 

58-6 

197 

178*1 

84*2 

267 

232*3 

109*9 

18 

i6'3 

7'7 

7a 

70*5 

33-3 

138 

124-8 

590 

198 

179-0 

84-7 

258 

233*2 

110-3 

19 

17*2 

81 

70 

7«-4 

33-8 

139 

125-7       59*4 

199 

179-9 

85*1 

259 

234*1 

iio*7 

20 

i8-i 

8-6 

80 

72-3 

34-2 

140 

126*6 

599 

200 

i8o-8 

85-5 

2m 

235*0 

111*2 

21 

19-0 

9*o 

81 

73*a 

34*6 

141 

127-5 

60-3 

201 

181-7 

85*9 

261 

235*9 

111*6 

22 

199 

9*4 

82 

74*1 

351 

142 

128-4 

60-7 

202 

182*6 

86-4 

262 

236*8 

112*0 

23 

20-8 

9-8 

a3 

75-0 

355 

143 

129-3 

6i-i 

203 

183-5 

86*8 

263 

237*7 

112*4 

24 

21-7 

10-3 

84 

75*9 

3S-9 

144 

130-2 

61  6 

204 

^84*4 

87*2 

264 

238*7 

112*9 

23 

22-6 

IO-7 

sa 

768 

36-3 

145 

131-1 

62-0 

205 

185*3 

87-6 

265 

239-6 

113*3 

26 

*3*5 

ii-i 

86 

77'7 

368 

146 

132*0 

62*4 

206 

186-2 

88*1 

2<;6 

240*5 

113-7 

27 

24-4 

11-5 

87 

78-6 

37-2 

147 

1329 

62-9 

207 

187-1 

88*5 

267 

241-4 

114-2 

28 

25-3 

12*0 

88 

796 

37-6 

148 

1338 

63*3 

208 

188*0 

88*9 

268 

242*3 

114*6 

29 

26-2 

12-4 

89 

80-5 

38-1 

149 

>34'7 

63*7 

209 

188*9 

89-4 

269 

243-2 

115*0 

30 

27-1 

12-8 

90 

81-4 

38-5 

150 

1356 

64*1 

210 

1898 

89*8 

270 
271 

244*1 

1154 

31 

28-0 

13-3 

91 

82.3 

38*9 

151 

136-5 

646 

211 

190-7 

90-2 

245-0 

115-9 

32 

28-9 

13-7 

92 

83*2 

39*3 

152 

137*4 

650 

212 

191-6 

90-6 

272 

*45-9 

116*3 

33 

29-8 

14-1 

93 

84-1 

39-8 

153 

138*3 

65*4 

213 

192-5 

91*1 

273 

246*8 

116*7 

34 

30-7 

«4*5 

94 

85-0 

40*2 

154 

139-2 

65  8 

214 

193*5 

9''5 

274 

247*7 

117*2 

3ft 

31-6 

150 

95 

85-9 

40-6 

155 

140*1 

663 

215 

194*4 

91-9 

275 

248*6 

1176 

36 

31-5 

'5*4 

96 

86-8 

41-0 

156 

141*0 

667 

216 

195*3 

92*4 

276 

*49*5 

1180 

37 

33*4 

15-8 

97 

87-7 

41-5 

157 

141*9 

671 

217 

196-2 

92-8 

277 

250-4 

ii8*4 

38 

34*4 

16*2 

98 

88-6 

41*9 

158 

142*8 

676 

218 

197*1 

93-2 

278 

251-3 

1189 

39 

35*3 

i6*7 

99 

89-5 

42-3 

159 

143-7 

680 

219 

198*0 

93-6 

279 

252-2 

119*3 

40 
41 

36-2 

I7*i 

100 

90-4 

42-8 

160 

144-6 

68-4 

220 

198-9 

94-1 

280 

253*1 

119*7 

37-1 

»7*5 

101 

91-3 

43*3 

161 

I4S-5 

68-8 

221 

199-8 

94*5 

•281 

2540 

120*1 

42 

38-0 

180 

102 

92-2 

43*6 

162 

146*4 

69-3 

222 

200-7 

94*9 

282 

254-9 

120*6 

43 

38-9 

i8'4 

103 

93-1 

44-0 

163 

147*4 

697 

223 

201'6 

95*3 

283 

2558 

121*0 

44 

39-8 

x8-8 

104 

940 

44' 5 

164 

148-3 

70-1 

224 

202.5 

95-8 

284 

256*7 

121*4 

45 

40-7 

19*2 

105 

949 

44*9 

16r> 

149-2 

70-5 

225 

203*4 

96-2 

285 

257*6 

121*9 

46 

41*6 

19-7 

106 

95-8 

45-3 

166 

150-1 

710 

226 

204-3 

96-6 

286 

258*5 

122*3 

47 

4*5 

20*1 

107 

967 

45*7 

167 

151*0 

71-4 

2J7 

205*2 

971 

287 

259*4 

122*7 

48 

43-4 

205 

id& 

97-6 

46*2 

168 

151-9 

71-8 

228 

2C6*1 

97*5 

288 

2603 

123*1 

«  144-3 

21*0 

109 

985 

46-6 

169 

152*8 

72-3 

29 

207*0 

97*9 

289 

261*3 

123-6 

50 

45-2 

21-4 

no 

99*4  !  47-0 

170 

153*7 

72-7 

230 

207*9 

983 

290 

262*2 

124-0 

61 

46-1 

2X-8 

HI 

100 '3 

47*5 

171 

154*6 

731 

231 

2c8-8 

98-8 

291 

263*1 

124-4 

52 

47-0 

22*2 

112 

IOI'2 

47*9 

172 

155-5 

73*5 

232 

209-7 

992 

292 

264*0 

124*8 

53 

47-9 

22' 7 

113 

102*2 

48-3. 

173 

»56*4 

740 

2.33 

210*6 

99-6 

293 

264-9 

125*3 

M 

48-8 

23-1 

114 

103*1 

48-7 

174 

'57-3 

74*4 

234 

211*5 

100*0 

294 

265-8 

125*7 

55 

49*7 

»3'5 

116 

104*0 

49-2 

175 

158*2 

74*8 

235 

212*4 

ICO*  5 

296 

266*7 

126-1 

56 

50-6 

23-9 

116 

104-9 

49-6 

176 

159*1 

75*2 

2:^6 

213*3 

100*9 

296 

267*6 

126*6 

57 

5>-5 

24-4 

117 

105-8 

50-0 

177 

i6o-o 

75*7 

237 

214^2 

ioi*3 

297 

268*5 

127-p 

58 

52-4 

24*8 

118 

io6*7 

50-5 

178 

i6o'9 

76-1 

238 

2IS'l 

ici-8 

298 

269*4 

127*4 

59 

53*3 

25-2 

119 

107-6 

50-9 

179 

161*8 

765 

239 

216-1 

102-2 

299 

270*3 

127*8 

60 

0»t 

54-» 

25-7 

120 

io8*5 

5'-3 
D.Liit 

180 
Dist. 

162*7 

77-0 

240 

217*0  j 

IC2-6 

300 

271*2 

128*3 

4Dep. 

D.Ut 

Dist 

Dep. 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.  Lat 

L 

5}  Points. 

64* 

41' 
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24  1  oint^. 

28^  r    1 

Dist. 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist. 
181 

D.  L-dt 

Dep. 

DistJ  D.Lat. 

1 

Dep. 

1 

o*9 

0-5 

61 

53-8 

28*8 

121 

io6*7 

57*0 

159*6 

85-3 

241 

212-5 

113-6 

2 

1*8 

o'9 

62 

547 

29*2 

122 

107-6 

57-5 

182 

160*5 

858 

242 

213-4 

114-1 

3 

%'6 

1-4 

63 

55*6 

29.7 

123 

108-5 

58*0 

183 

161*4 

86-3 

243 

214-3 

114-5 

4 

3'5 

1*9 

64 

56-4 

30*2 

124 

109-4 

58-5 

184 

162-3 

86*7 

244 

215-2 

115-0 

5 

4*4 

2-4 

65 

57*3 

30*6 

125 

J10*2 

58-9 

185 

163*2 

87-2 

245 

216-1 

115*5 

fi 

5*3 

2-8 

66 

58-2 

31*1 

126 

lll'l 

594 

186 

164-0 

877 

246 

217-0 

1160 

7 

6*2 

3'3 

67 

59*1 

31*6 

127 

II2»0 

59-9 

187 

164-9 

88*2 

247 

217-8 

1 16-4 

8 

7'i 

3-8 

68 

6o'0 

32*1 

128 

112*9 

6o*3 

188 

1658 

88-6 

248 

218-7 

116-9 

9 

7*9 

4-2 

69 

6o*9 

3a*5 

129 

113-8 

6o*8 

189 

166*7 

89*1 

249 

^19-6 

117*4 
117  8 

10 

8*8 

4*7 

70 

61-7 

33-0 

130 

114-6 

61*3 

190 

167*6 

89-6 

250 

220-5 

11 

97 

5-a 

71 

626 

33-5 

131 

115-5  '  6''8  1 

191 

i6Ji«4 

90*0 

251 

221*4 

J18  3 

12 

io*6 

57 

72 

63-5 

33-9 

132 

116  4 

62-2 

192 

169-3 

90*5 

252 

222-2 

ii8*8 

13 

II-5 

61 

73 

64-4 

34*4 

133 

117-3 

627 

193 

170-1 

91*0 

253 

223*1 

1193 

14 

12*3 

6-6 

74 

65-3 

34-9 

134 

n8-2 

63-9, 

1.94 

171-1 

91-5 

254 

224-0 

119-7 

16 

jyi 

7-1 

75 

66- 1 

354 

135 

119*1 

63-6 

1.05 

172*0 

91*9 

255 

224-9 

120-2 

16 

14- 1 

7*5 

76 

67-0 

35-8 

136 

ii9«9 

64-1 

1:,^ 

172-9 

92-4 

256 

2258 

12C*7 

17 

15-0 

80 

77 

67-9 

36-3 

137 

120-8 

64*6 

197 

1737 

92-9 

257 

226-7 

12I-I 

18 

15-9 

8-5 

78 

68-8 

368 

138 

121-7 

65*1 

198 

174-6 

93'3 

258 

227*5 

121-6 

19 

i6-8 

9-0 

79 

69-7 

37*2 

139 

122*6 

65*5 

199 

'75-5 

93-8 

259 

228*4 

122-1 

20 

17-6 

9*4 

80 

70*6 

377 

140 

123*5 

66-0 

*200 

176*4 

94*3 

260 
261 

2293 

122-6 

21 

18-5 

9*9 

81 

71-4 

38«7 

141 

124-4 

66-5 

201 

»77-3 

94- S 

230-2 

123-0 

22 

19-4 

10-4 

82 

72-3 

387 

142 

125-2 

66-9 

202 

1781 

95*2 

262 

231*1 

123*5 

23 

20*3 

IO-8 

83 

73-2 

39*1 

143 

126-1 

67-4 

20:i 

179-0 

957 

263 

231-9 

1240 

24 

21*2 

11-3 

84 

74-1 

39*6 

144 

127-0 

67-9 

204 

179*9 

96-2 

264 

232-8 

124-4 

25 

22*0 

11-8 

85 

75-0 

40-1 

145 

1279 

68-4 

205 

i8o-8 

966 

265 

233-7 

124-9 

26 

22*9 

12-3 

86 

75*8 

4c*  5 

146 

128-8 

68*8 

206 

i8i*7 

97*1 

266 

2346 

125*4 

27 

238 

12-7 

87 

76-7 

41*0 

147 

129-6 

69-3 

207 

182*6 

97.6 

267 

*35-5 

125-9 

28 

24-7 

132 

88 

77-6 

41-5 

UK 

130-5 

69-8 

208 

183-4 

98-1 

268 

2364 

126-1 

29 

25-6 

'37 

89 

78-5 

42-0 

149 

1314 

70*2 

209 

184-3 

98*5 

269 

237*2 

126-8 

30 
31 

26*5 
27-3 

14- 1 

90 

79*4 

42-4 

150 
151 

132*3 

707 

210 

185-2 

99-0 

270 

238*1 

127*3 

14-6 

91 

80-3 

429 

1332 

71*2 

211 

1861 

99*5 

271 

239-0 

127*7 

32 

28-2 

151 

92 

811 

43*4 

152 

134-1 

71  7 

212 

187*0 

99.9 

272 

2399 

128-2 

33 

29*1 

15-6 

93 

820 

43-8 

153 

134-9 

72-1 

213 

187-8 

100*4 

273 

240*8 

1287 

31 

30*0 

i6-o 

94 

82-9 

44'3 

154 

135-8 

726 

214 

188-7 

100-9 

274 

241-6 

1292 

33 

30-9 

i6'5 

95 

838 

44-8 

1o5 

136  7 

73-1 

215 

1896 

101-4 

275 

242*5 

129*6 

36 

31-7 

17*0 

96 

847 

45*3 

156 

137-6 

73*5 

216 

190-5 

101-8 

276 

243*4 

I3C-I 

87 

32*6 

17-4 

97 

85-5 

457 

157 

138-5 

74*0 

217 

191-4 

102*3 

277 

*44-3 

I3C-6 

8 

33*5 

17-9 

98 

86*4 

46*2 

158 

1393 

74*5 

218 

192-3 

102-8 

278 

2452 

131-0 

39 

34*4 

18-4 

99 

87-3 

46*7 

159 

140-2 

750 

219 

193-1 

103-2 

279 

246-1 

131-5 

40 

353 

18-9 

100 

88*2 

47*1 

160 

141-1 

75*4 

220 

194*0 

103-7 

280 

2469 

132*0 

41 

36-2 

19-3 

101 

89-1 

47-6 

161 

142-0 

75*9 

221 

194*9 

104*2 

281 

2478 

132-5 

42 

37*0 

19-8 

102 

90*0 

48*1 

162 

142*9 

76*4 

222 

195*8 

104*7 

282 

2487 

132-9 

43 

37-9 

20'3 

103 

90-8 

48*6 

163 

143*8 

76*8 

223 

196*7 

105*1 

2^3 

249*6 

133-4 

44 

38-8 

20'7 

104 

91-7 

49-0 

164 

144*6 

77'3 

2*24 

197*6 

105*6 

284 

250*5 

133-9 

45 

39.7 

21*2 

105 

92-6 

49-5 

165 

145-5 

77-8 

225 

198*4 

106*1 

285 

251*3 

134-3 

46 

40*6 

21*7 

106 

93*5 

50*0 

166 

146-4 

78*3 

226 

199-3 

106*5 

286 

252*2 

I34-? 

47 

4»S 

22*2 

107 

94*4 

50-4 

167 

147-3 

78-7 

227 

200-2 

107*0 

287 

2531 

'3n 

48 

42-3 

22*6 

108 

95-2 

50-9 

168 

148*2 

79.2 

228 

2CI'I 

107-5 

288 

2540 

135-8 

49 

43* 

23*1 

109 

96-1 

5»'4 

169 

149*  I 

797 

229 

202*0 

107-9 

289 

254-9 

1361 

50 

44-1 

23*6 

110 

97-0 

51*9 

170 

149-9 

801 

230 

202*8 

108-4 

290 

2558 

136-7 

51 

450 

24*0 

111 

97 '9 

52-3 

171 

150-8 

8o*6 

231 

203-7 

108-9 

291 

256-6 

137-2 

52 

45-9 

*4-5 

112 

988 

52*8 

172 

151*7 

81-1 

232 

204-6 

109*4 

292 

257-5 

137-6 

53 

46-7 

25*0 

113 

997 

53*3 

173 

152*6 

81-6 

2X^ 

205-5 

109*8 

293 

258*4 

138'j 

54 

47*6 

25-5 

114 

IOO-5 

537 

174 

I53-5 

82*0 

234 

206*4 

iio*3 

294 

259*3 

1386 

55 

48-5 

25-9 

115 

101*4 

54a 

175 

'54-3 

82*5 

235 

207-3 

iio*8 

295 

260-2 

1 39- 1 

56 

49*4 

26*4 

116 

192*3 

547 

176 

155-2 

83*0 

236 

208-1 

111*2 

296 

261*0 

139*5 

57 

50-3 

26*9 

117 

103*2 

55'* 

177 

156-1 

83-4 

237 

209*0 

111*7 

297 

26 1*9 

1400 

58 

SI-2 

a7'3 

118 

104*1 

55*6 

178 

157.0 

839 

238 

209*9 

112*2 

298 

2628 

140-5 

59 

52-0 

27-8 

119 

104*9 

56*1 

179 

»57*9 

84*4 

239 

2lO'8 

112*7 

299 

263*7 

140-9 

60  J  52-9 

28-3 

120 

105-8 

566 

180 

1587 

84-9 

240    211*7 

113-1 

300 

264*6 

1414 

Difltl  Dep. 

1      ^ 

D.Lat 

Dist 

[Dep. 

D.Lat 

• 

Dist 

Dep. 

D.  Lat. 

Dist. 

Dep. 

D.Ut 

1 

Dist 

1  Dep. 
61° 

D.Lat. 

• 

5)  Points. 
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2|  Points. 

30« 

66' 

DiaL 

D.Lai  Dap.| 

Dist. 

D.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist. 

D.  Lat 

Dep. 

Dist 

D.Lat 

Dep. 

1 

09 

0'5 

61 

5»'3 

3J-4 

121 

103*8 

62*2 

ISl 

155*2 

93*1 

241 

206*7 

123*9 

2 

1-7 

1*0 

62 

53-» 

319 

122 

104*6 

62*7 

182 

1561 

93*6 

242 

207*6 

124*4 

S 

2-6 

i'5 

63 

54-0 

32-4 

123 

105-5 

63*2 

183 

157*0 

94*1 

243 

2084 

124*9 

4 

3"4 

2-1 

64 

54-9 

32-9 

124 

106-4 

637 

184 

157*8 

94*6 

244 

209*3 

125*4 

ft 

4*3 

2-6 

66 

55-8 

33*4 

125 

107*2 

64*3 

185 

158*7 

951 

24ft 

210*1 

126*0 

6 

I'l 

3'I 

66 

566 

33*9 

126 

108  I 

64*8 

186 

159*5 

95*6 

246 

211'0 

126*5 

7 

3-6 

67 

57-5 

34-4 

127 

108-9 

65*3 

187 

i6o*4 

96*1 

247 

211*9 

127-0 

8 

6-9 

^'l 

68 

58-3 

350 

128 

109*8 

658 

188 

161*3 

96*7 

248 

212*7 

127*5 

9 

7'7 

4-6 

60 

59-2 

35-5 

129 

iio*6 

66-3 

189 

162*1 

97*2 

249 

213*6 

128*0 

10 

S-6 

51 

70 

6o'o 

36*0 

130 

IU-5 

66-8 

190 

163*0 

97*7 

250 

214*4 

128*5 

U 

94 

5'7 

71 

60*9 

36-5 

131 

112*4 

67*3 

191 

1638 

98-2 

251 

ii5*3 

129*0 

12 

ic"3 

6-2 

72 

6i-8 

37-0 

132 

113*2 

67*9 

192 

164-7 

98*7 

252 

216*1 

129*6 

13 

JI-2 

6-7 

73 

62-6 

37*5 

133 

1141 

68*4 

193 

165*5 

99-2 

253 

217*0 

130*1 

14 

12*0 

7-2 

74 

635 

38-0 

134 

114*9 

68*9 

194 

166*4 

99'7 

254 

2x7*9 

130*6 

1ft 

12*9 

7*7 

76 

643 

386 

135 

115-8 

69*4 

195 

167*3 

100*3 

255 

218*7 

131*1 

16 

13*7 

8-2 

76 

65-2 

39-1 

136 

u6*7 

69*9 

196 

168*1 

100-8 

256 

219*6 

131*6 

17 

14-6 

8^ 

77 

66*0 

39-6 

137 

117*5 

70*4 

197 

169*0 

101*3 

267 

220*4 

132*1 

18 

'5*4 

9*3 

78 

66-9 

40*1 

138 

118-4 

70*9 

196 

169*8 

loi'S 

258 

221*3 

132*6 

19 

163 

9-8 

79 

67-8 

40*6 

139 

119*2 

71-5 

199 

170*7 

102-3 

259 

222*2 

133*2 

20 

17-2 

10-3 

80 

68-6 

411 

140 

I20*l 

72*0 

200 

171*5 

102*8 

260 

223*0 

133*7 

21 

i8*o 

IO-8 

81 

69-5 

41*6 

141 

I20'9 

72*5 

201 

172*4 

103*3 

261 

223*9 

134-2 

22 

18-9 

II-3 

82 

70-3 

42-2 

142 

121-8 

73*0 

202 

>73*3 

103*8 

262 

224*7 

134*7 

23 

19-7 

11-8 

83 

71*2 

4»*7 

143 

122*7 

73*5 

203 

174*1 

104*4 

263 

225*6 

135-2 

24 

20*6 

12*3 

84 

72*0 

43** 

144 

i»3*5 

74*o 

204 

1750 

104*9 

264 

226-4 

135-7 

25 

21-4 

ia'9 

85 

72-9 

43*7 

146 

124*4 

74*5 

205 

175*8 
176-7 

105-4 

265 

227-3 

136*2 

26 

22*3 

13-4 

86 

73-8 

44-2 

146 

125*2 

75*1 

206 

105-9 

266 

228-2 

136*8 

27 

23*2 

13-9 

87 

74-6 

447 

147 

126*1 

75*6 

207 

177*5 

106*4 

267 

229*0 

137*3 

28 

240 

»4*4 

88 

75'S 

45"» 

148 

126*9 

76*1 

208 

178*4 

io6'9 

268 

229-9 

137*8 

20 

24-9 

14-9 

89 

76-3 

45-8 

149 

127*8 

76*6 

209 

179*3 

107-4 

269 

230*7 

138*3 

30 
31 

25-7 

15-4 

00 

77'» 

46*3 

150 

128*7 

77*1 

210 

180*1 

108-0 

270 

231*6 

138*8 

26*6 

15-9 

91 

781 

46-8 

151 

129*5 

77*6 

211 

l8i'o 

io8'5 

271 

232*4 

139*3 

32 

27-4 

165 

92 

789 

47*3 

152 

130*4 

78*1 

212 

181*8 

109*0 

272 

233*3 

139*8 

33 

28*3 

17*0 

93 

79-8 

47*8 

153 

131*2 

78*7 

213 

182*7 

109*5 

273 

234*2 

140*4 

34 

29-2 

j^TS 

94 

8o-6 

483 

154 

132*1 

79*2 

214 

183*6 

110*0 

274 

235*0 

140*9 

35 

30*0 

i8'o 

96 

8i-5 

48-8 

156 

132*9 

79.7 

215 

184*4 

110*5 

275 

»35*9 

141*4 

36 

30-9 

185 

06 

82*3 

49*4 

156 

1338 

80*2 

216 

185*3 

111*0 

276 

236*7 

141*9 

37 

31-7 

19*0 

97 

83*2 

499 

167 

J  34*7 

80*7 

217 

1861 

111*6 

277 

237*6 

142*4 

38 

32*6 

»9-5 

98 

84-1 

50*4 

158 

135*5 

81*2 

218 

187*0 

112*1 

278 

238*4 

144-9 

St 

33*5 

20'I 

99 

84-9 

50-9 

159 

136*4 

81-7 

219 

187-8 

112*6 

279 

a39*3 

H3-4 

40 
41 

34*3 

20-6 

100 

85-8 

Si-4 

160 

137*2 

82*3 

220 

188*7 

113*1 

280 

240*2 

143-9. 

35-» 

21*1 

101 

86*6 

5i«9 

161 

138*1 

82*8 

221 

189*6 

113*6 

281 

241*0 

144-5 

42 

36»o 

21*6 

102 

87-5 

52-4 

162 

1390 

83-3 

222 

190*4 

114*1 

282 

241*9 

145*0 

43 

36-9 

22*1 

103 

88*3 

53-0 

163 

139.8 

83-8 

223 

191*3 

114*6 

283 

242*7 

145-5 
146*0 

44 

37-7 

22«6 

104 

89*2 

53*5 

164 

140*7 

84-3 

224 

192*1 

115*2 

284 

243*6 

4ft 

38*6 

23"I 

105 

90*  I 

54*o 

16ft 

141*5 

84*8 

225 

193*0 

lip 

ll6*2 

285 

444*5 

J46-5 

46 

39*5 

23*6 

106 

90-9 

54*5 

166 

144*4 

85-3 

226 

193*8 

286 

»45*3 

147*0 

47 

40-3 

24-2 

107 

9i'8 

55.0 

167 

143  •» 

85*9 

227 

194-7 

116*7 

287 

446*2 

147-5 

48 

41*2 

24*7 

108 

92*6 

555 

168 

144*1 

86*4 

228 

1956 

117*2 

288 

247*0 

148*1 

49 

42*0 

25*2 

109 

93*5 

56-0 

169 

1450 

86*9 

229 

196*4 

117*7 

289 

247*9 

148*6 

ftO 
51 

42-9 

*5'7 

110 

94*4 

566 

170 

145*8 

87*4 

230 

197*3 

118-2 

290 

248*7 

149*1 

43  7 

26*2 

HI 

95-2 

57*' 

171 

1467 

87*9 

231 

198-1 

118*8 

291 

2496 

149*6 

ft2 

44-6 

26*7 

112 

96- 1 

57-6 

172 

H7*5 

88*4 

232 

1990 

119*3 

292 

250*5 

150*1 

53 

45-5 

27*2 

113 

96-0 
97*8 

58-1 

173 

148-4 

88*9 

283 

1999 

119*8 

293 

251*3 

150-6 

54 

46-3 

27-8 

114 

586 

174 

149*2 

89-5 

284 

200*7 

120*3 

294 

252*2 

151*1 

55 

47*2 

28-3 

115 

98*6 

59-1 

175 

150-1 

90*0 

23ft 

201*6 

120*8 

295 

253*0 

151-7 

56 

mmm 

48-0 

288 

116 

99*5 

596 

176 

151*0 

90*5 

236 

202*4 

121*3 

296 

a53*9 

152*2 

57 

48-9 

*9"3 

117 

ioo*4 

6o-2 

177 

151-8 

9i'o 

287 

203-3 

121*8 

297 

254*7 

152*7 

58 

49*7 

29-8 

118 

IOJ-2 

6o'7 

178 

152*7 

91*5 

238 

204*1 

122*4 

298 

255*6 
256*5 

153** 

59 

50*6 

30-3 

110 

I02M 

6l'2 

179 

153*5 

92*0 

239 

205*0 

122*9 

299 

153-7 

80 

5»-5 

30*8 

120 

I02'9 

6i'7 

180 

154*4 

92*5 

240 

2059 

123*4 

300 

457-3 

154-4 

|D:gt 

Dep. 

D.Lfit 

1 

Dist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.  Lat 

Dist. 

Dep. 

D.  Lat 

Dist. 

Dep. 

D.Lat 

t 

5i  Fointo. 

59 

104/ 

r  F 
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TRAVERSE  TABLE  TO  QUARTER. POINTS 

3  Points.                                                      33^  4y 

Dist 

D.Ut 

Dep. 

DUt. 

D.Lat 

Dep. 

Dist 

.  D.  Lat 

Dep. 

Dist  D.  Lat 

Dep. 

Dist 

.  D.  Ut. 

,    Dop. 

1 

0-8 

0-6 

61 

507 

33*9 

121 

100*6 

67*2 

181 

150*5 

100*5 

241 

200*4 

133*9 

2 

1-7 

i-i 

62 

51*6 

34'4 

122 

iox-4 

67-8 

182 

I5>'3 

]OI*I 

242 

201*2 

>34*4 

3 

»*5 

1-7 

63 

5»-4 

35-0 

123 

102*3 

68*3 

183 

152*2 

101*7 

243 

202*0 

135*0 

4 

3-3 

2*2 

64 

53'» 

35*6 

124 

103*1 

68*9 

184 

1530 

102*2 

244 

202-9 

'35*5 

6 

4» 

2-8 

66 

S4-0 

36- 1 

125 

103*9 

69*4 

185 

153*8 

102*8 

245 

203*7 

136*1 

6 

5-0 

3*3 

66 

54-9 

36.7 

126 

104*8 

70*0 

186 

154-7 

103*3 

246 

204-5 

136*7 

7 

5-8 

3*9 

67 

55*7 

37-2 

127 

105*6 

70*5 

187 

'55'5 

103*9 

247 

205-4 

137*2 

8 

6'7 

4*4 

68 

56-5 

37-8 

128 

106*4 

71*1 

188 

156*3 

104*4 

248 

206 -2 

137*8 

9 

7-5 

5-0 

69 

57*4 

38-3 

129 

107*3 

717 

189 

1571 

105-0 

249 

207-0 

138*3 

10 

8-3 

5-6 

70 

582 

38-9 

130 

io8*i 

72*2 

190 

158-0 

105*5 

250 

207-9 

138-9 

11 

9*> 

6-1 

71 

59*o 

39^4 

131 

108*9 

728 

191 

158*8 

106*1 

251 

208-7 

139-4 

12 

lO'O 

6-7 

72 

59*9 

40*0 

132 

1098 

73*3 

192 

159*6 

io6*7 

252 

209*5 

140*0 

13 

10-8 

7'2 

73 

6o*7 

40'6 

133 

iio'6 

73*9 

193 

i6o*5 

107*2 

253 

210*4 

140*5 

14 

II-6 

7-8 

74 

61-5 

4I-I 

134 

iix'4 

74*4 

194 

i6i*3 

107*8 

254 

211*2 

141*] 

15 

12*5 

8-3 

76 

62*4 

417 

135 

1 12-2 

75*o 

195 

162*1 

108 '3 

255 

212*0 

141*7 

16 

133 

8-9 

76 

63-2 

42-2, 

136 

113*1 

75*5 

196 

163*0 

108*9 

256 

212*9 

142-2 

17 

141 

9*4 

77 

64*0 

42*8 

137 

113*9 

76*1 

197 

163-8 

109*4 

25f 

213-7 

142*8 

18 

15*0 

lO'O 

78 

64-9 

43'3 

138 

114-7 

76*7 

198 

164-6 

iio-o 

258 

214-5 

143 '3 

19 

158 

10*6 

79 

657 

43*9 

139 

115-6 

77-a 

199 

165*5 

110*5 

259 

215*4 

»43'9 

20 

166 

ii'i 

80 

66-5 

44*4 

140 

116*4 

77*8 

200 

166*3 

111*1 

260 

2X6*2 

I44'4 

21 

17-5 

II-7 

81 

67-3 

45-0 

141 

117-2 

78*3 

201 

167-1 

111*7 

261 

217*0 

145*0 

22 

18-3 

I2'2 

82 

68-2 

45*6 

142 

1181 

78*9 

202 

i68*o 

112*2 

262 

217*1; 

145*5 

23 

19-1 

12*8 

83 

69*0 

46*1 

143 

ii8*9 

79*4 

203 

168-8 

112*8 

263 

218-7 

146*1 

24 

20'0 

'3-3 

84 

698 

46-7 

144 

119*7 

80 -o 

204 

169*6 

113*3 

264 

219*5 

1467 

25 

20*8 

139 

85 

70-7 

47-2 

145 

120*6 

80*5 

205 

170*5 

113*9 

2G5 

120*3 

147*2 

26 

21'6 

14-4 

86 

71-5 

47-8 

146 

121-4 

81*1 

206 

171*3 

114-4 

266 

221*2 

147-8 

27 

22-4 

i5'o 

87 

72-3 

48-3 

147 

122*2 

817 

207 

172-1 

115*0 

267 

222*0 

148-3 

28 

^3*3 

<5-6 

88 

73-2 

48-9 

148 

123*1 

82*2 

208 

172*9 

115*5 

268 

222*8 

148*9 

29 

24- 1 

i6»i 

89 

74-0 

49*4 

149 

123*9 

82*8 

209 

173*8 

116*1 

269 

223-7 

H9*4 

30 

249 

i6*7 

90 

74-8 

50*0 

150 

124*7 

83*3 

210 

174*6 

1x6*7 

270 

224*5 

150*0 

31 

25*8 

17-2 

91 

75*7 

50*6 

151 

125*6 

83*9 

211 

175*4 

117*2 

271 

225*3 

1 50"  5 

32 

26-6 

17-8 

92 

76-5 

51*1 

152 

126*4 

84*4 

212 

176*3 

117*8 

272 

226*2 

151*1 

33 

27-4 

i8-3 

93 

77'3 

51-7 

153 

127*2 

85*0 

213 

177*1 

118*3 

273 

227-0 

1517 

34 

28-3 

189 

94 

78-2 

52*2 

154 

128*0 

855 

214 

177*9    118*9 

274 

227*8 

152*2 

35 

29'x 

19-4 

95 

79.0 

52*8 

155 

128-9 

86*1 

215 

178*8     119*4 

275 

228*7 

152*8 

36 

299 

20 'O 

96 

79-8 

53'3 

156 

1297 

86*7 

216 

179*6 

120*0 

276 

229*5 

153-3 

37 

30-8 

20*6 

97 

80-7 

53*9 

157 

'30*5 

87*2 

217 

180*4 

120*5 

277 

230*3 

153*9 

38 

31-6 

21*I 

98 

815 

54*4 

158 

131*4 

87*8 

218 

181*3 

121*1 

278 

23fl 

J  54-4 

39 

3**4 

21*7 

99 

823 

55-0 

159 

132*2 

88*3 

219 

182*1 

121*7 

279 

232-0 

155-0 

40 

33*3 

22*2 

100 

83-1 

55*6 

160 

1330 

88*9 

220 

182-9 

122*2 

280 

232*8 

155*5 

41 

341 

22*8 

101 

84-0 

56*1 

161 

133*9 

89*4 

221 

183-8 

122*8 

281 

233*6 

156*1 

42 

34-9 

35» 
36*6 

23-3 

102 

84-8 

56-7 

162 

134*7 

90*0 

222 

184*6 

123*3 

282 

234*5 

1567 

43 

239 

103 

85-6 

57-2 

163 

135*5 

905 

223 

185*4 

1239 

283 

»35*3 

157*2 

44 

24-4 

104 

86*5 

57-8 

164 

136*4 

91-1 

224 

186*2 

124*4 

284 

236*1 

157-8 

45 

37*4 

25*0 

105 

87-3 

58.3 

165 

i37*» 

917 

225 

187*1 

125*0 

285 

237*0 

158-3 

46 

38*2 

25*6 

106 

881 

589 

166 

138*0 

92*2 

226 

187-9 

125*5 

286 

237*8 

158*9 

47 

39'i 

26*1 

107 

89-0 

59*4 

167 

138*9 

92*8 

227 

188-7 

126*1 

287 

238*6 

159*4 

48 

39*9 

26*7 

108 

89*8 

6o'o 

168 

139*7 

93*3 

228 

189*6 

126*7 

288 

»39*5 

160*0 

49 

407 

27*2 

109 

90*6 

6o-6 

169 

140*5 

93*9 

229 

190*4 

127*2 

289 

240*3 

i6o*5 

50 

41*6 

27*8 

110 

91-5 

6i'i 

170 

141*3 

94*4 

230 

191*2 

127*8 

290 

241*1 

161*1 

51 

42-4 

28*3 

111 

92-3 

6i'7 

171 

142*2 

95*o 

231 

192*1 

128*3 

291 

242*0 

i6i*7 

52 

43-2 

28*9 

112 

931 

62*2 

172 

143-0 

95*5 

232 

192*9 

128*9 

292 

242*8 

162-2 

53 

44-1 

294 

113 

94-0 

62-8 

173 

143*8 

96*1 

233 

193*7 

129*4 

293 

243*6 

162-8 

54 

44*9 

30*0 

114 

94-8 

63*3 

174 

>44*7 

96*7 

234 

194*6 

130*0 

294 

a44*5 

163*3 

55 

45'7 

30*6 

115 

95*6 
96-5 

63-9 

175 

H5*5 

97-2 

235 

'95*4 

130-5 

295 

»45*3 

163-9 

56 

46-6 

311 

116 

64-4 

176 

146*3 

97-8 

236 

196*2 

131*1 

296 

246*1 

164-4 

57 

47-4 

31-7 

117 

97-3 

65*0 

177 

147*2 

98*3 

237 

197*1 

131*7 

297 

246*9 

165*0 

58 

48*2 

32*2 

118 

98*1 

65-5 

178 

148*0 

989 

238 

J97-9 

132*2 

298 

247*8 

165*5 

59 

49  1 

32*8 

119 

989 

66*1 

179 

148*8 

99*4 

239 

198*7 

132*8 

299 

248-6 

x66*i 

60 
Dist 

49*9 

33-3 

120 

99-8 

66*7 

180 

'49*7 

loo-o 

240    1996  j  133*3 

300 

^49*4 

i66*7 

Dep. 

D.Lat 

Dut. 

Dep. 

D.LatlDiat. 

Dep. 

D.Lat 

Di3t   Dep.   D.Lat 

Dist. 

Dep. 

D.Lat 

• 

5Poi 

nts.                                                        56°  15' 
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TRAVERSE  TABLE  TO  QUARTER-POINTS 

Si  Points.                                                      36<>  34'      | 

Di«t  D.Lat 

Dep. 

Oist 

D.L^t. 

Dep. 

Disr. 

D.Lat 

Dep. 

Diat. 

D.Lat. 

Dep. 

Diat. 

D.  J,8t. 

Dep. 

1 

0-8 

o-b 

81 

49-0 

36-3 

121 

97*2 

72*1 

181 

145*4 

107*8 

241 

193*6 

143-6 

2 

1-6 

I'2 

62 

498 

36-9 

122 

98*0 

72*7 

182 

146*2 

io8'4 

242 

194*4 

144-a 

3 

**4 

vi 

63 

50*6 

37*5 

123 

98-8 

73*3 

183 

147-0 

109*0 

243 

195-2 

144-8 

4 

3-2 

»-4 

64 

51*4 

38-1 

124 

996 

73*9 

184 

147*8 

109*6 

244 

196-0 

145-4 

« 

4-0 

3-0 

65 

52*2 

38-7 

125 

100-4 

74*5 

185 

148*6 

110-2 

245 

196-8 

145*9 

6 

4-8 

3-6 

66 

53'o 

39'3 

126 

I01'2 

75*1 

186 

149*4 

iio'8 

246 

197-6 

146-5 

7 

5-6 

4-» 

67 

53-8 

39*9 

127 

I02'0 

75*7 

187 

150*2 

111-4 

247 

198-4 

147*1 

8 

6-4 

4*8 

68 

54-6 

40-5 

128 

X02-8 

76*2 

188 

151*0 

112*0 

248 

199-2 

147*7 

9 

7-2 

54 

69 

55*4 

411 

129 

103-6 

76-8 

189 

151-8 

112-6 

249 

200*0 

148*3 

10 

8-0 

6*o 

70 

56*2 

41*7 

130 

104-4 

77'4 

190 

152-6 

113-2 

250 

200'8 

148*9 

11 

8*8 

6*6 

71 

57-0 

4a- 3 

131 

105*2 

78-0 

191 

153*4 

113-8 

261 

201-6 

149*5 

12 

9-6 

7-1 

72 

57-8 

42-9 

132 

io6*o 

78*6 

192 

154-2 

114-4 

252 

202'4 

150*1 

13 

io'4 

7*7 

73 

58-6 

43*5 

133 

106*8 

79.1 

193 

155-0 

115-0 

253 

203*2 

150*7 

14 

1I'2 

8-3 

74 

59*4 

44-1 

134 

107*6 

79*8 

194 

155*8 

1156 

254 

204*0 

151*3 

15 

X2'0 

8-9 

75 

6o*2 

44*7 

135 

108*4 

80-4 

195 

156*6 

ll6'2 

255 

204*8 

1^1*9 

16 

ii'9 

9' 5 

76 

6i*o 

45*3 

136 

109*2 

8i-o 

196 

»57*4 

116-8 

256 

205*6 

152-5 

17 

13-7 

lo-i 

77 

6r8 

45*9 

137 

110*0 

81*6 

197 

158*2 

117-4 

257 

206*4 

153*1 

18 

H'S 

io'7 

78 

62*7 

46-5 

138 

110*8 

82*2 

198 

159*0 

117-9 

258 

207*2 

153*7 

19 

»5'3 

iL-3 

ir-9 

79 

63*5 

47*1 

130 

111*6 

82*8 

199 

159*8 

ii8*5 

259 

208'0 

154-3 

20 

i6'i 

80 

64-3 

47*7 

140    112*4 

83*4 

200 

160*6 

119*1 

260 

208-8 

154-9 

21 

i6*9 

125 

81 

651 

48-3 

141 

113-3 

84-0 

201 

161*4 

119*7 

261 

209-6 

155*5 

22 

I7'7 

131 

82 

65-9 

48*8 

142 

114*1 

84*6 

202 

162*2 

iao*3 

26-2 

210*4 

156*1 

23 

18-5 

13-7 

83 

66-7 

49'4 

143 

114*9 

85-2 

203 

163*1 

120*9 

263 

211*2 

156*7 

24 

193 

14-3 

84 

67-5 

50*0 

144 

"5*7 

85-8 

204 

163*9 

121*5 

264 

212-0 

157*3 

25 

20*I 

14-9 

65 

68*3 

50*6 

145 

ii6*5 

86*4 

205 

164*7 

122*1 

265 

212-8 

157*9 

28 

20-9 

15-5 

86 

69*  I 

51-2 

146 

"7*3 

87*0 

206 

165*5 

122*7 

266 

213*7 

158*5 

27 

21-7 

161 

87 

69-9 

51-8 

147 

118*1 

87*6 

207 

166-3 

"3*3 

267 

214-5 

159*1 

28 

*2'5 

16-7 

1^8 

70-7 

52-4 

148 

ii8'9 

88-2 

208 

167*1 

123*9 

268 

215-3 

159*6 

20 

»3'3 

17-3 

89 

71-5 

53-0 

149 

119-7 

88*8 

209 

167*9 

124*5 

269 

216*1 

160*2 

30 

24-1 

17-9 

90 

7a- 3 

53-6 

150 

120*5 

89*4 

210 

1687 

125*1 

270 

216-9 

i6o-8 

31 

24-9 

i8-s 

91 

73*1 

54a 

151 

121*3 

90*0 

211 

169*5 

125*7 

271 

217-7 

161-4 

32 

25-7 

19-1 

92 

73*9 

54-8 

152 

122*1 

90*5 

212 

170*3 

126*3 

272 

218-5 

162*0 

33 

26*5 

19-7 

93 

74*7 

55*4 

153 

122*9 

91*1 

213 

171*1 

126*9 

273 

ai9*3 

162*6 

34 

27-3 

20'3 

94 

75*5 

56'o 

154 

123*7 

91*7 

214 

171*9 

127*5 

274 

220*1 

163*2 

35 

28-1 

20*8 

95 

7^*3 

566 

155 

»a4'5 

92«3 

215 

172*7 

128*1 

276 

220*9 

163*8 

38 

28-9 

214 

96 

77*1 

57-2 

156 

"5*3 

9a*9 

216 

173*5 

128-7 

276 

221*7 

164-4 

37 

29.7 

22'0 

97 

77.9 

57-8 

157 

126*1 

93*5 

217 

»74*3 

129*3 

277 

222*5 

165*0 

38 

30-5 

22*6 

98 

78-7 

58-4 

168 

126*9 

94-1 

218 

175*1 

129*9 

278 

223*3 

165*6 

30 

31-3 

23*2 

W    79*5 

590 

159 

1277 

94*7 

219 

175*9 

130*5 

279 

224*1 

i66'2 

40 

32-1 

23-8 

100 

80-3 

59-6 

160 

128*5 

95*3 

220 

176*7 

^131-1 

280 

224*9 

166*8 

41 

32-9 

24-4 

101 

8ri 

60'2 

161 

129- 3 

95*9 

221 

177*5 

131-6 

281 

225*7 

'ii'^ 

42 

33*7 

25*0 

102 

81*9 

608 

162 

130-1 

96*5 

222 

178*3 

132*2 

282 

226-5 

i68*o 

43 

34' 5 

25'6 

103 

82-7 

61*4 

163 

130-9 

97*1 

228 

179*1 

132*8 

283 

227*3 

x68-6 

44 

35*3 

26-2 

104 

«3-5 

62*0 

164 

131*7 

97*7 

224 

179*9 

133-4 

284 

228*1 

169*2 

45 

36-1 

26-8 

105 

84-3 

62*5 

165 

13a- 5 

98*3 

225 

180-7 

134-0 

266 

228*9 

169*8 

48 

369 

»7-4 

106 

85-1 

631 

166 

133*3 

989 

226 

i8i-5 

134*6 

286 

229*7 

170-4 

47 

37-8 

28-0 

107 

859 

63-7 

167 

134-1 

99*5 

227 

182*3 

135a 

287 

230-5 

171-0 

48 

38-6 

28*6 

108 

867 

64*3 

168 

134*9 

100*1 

228 

183-1 

135*8 

288 

231*3 

171-6 

49 

39*4 

292 

109 

87-5 

64-9 

169 

135*7 

100-7 

229 

183*9 

136-4 

289 

232-1 

172*2 

50 

40*2 

29-8 

110 

88-4 

65-5 

170 

136-5 

ioi*3 

230 

184*7 

137*0 

290 

232-9 

i7a*8 

51 

41*0 

30-4 

111 

89*2 

66*  I 

171 

'37*3 

101*9 

231 

185*5 

137-6 

291 

a33*7 

173*3 

52 

418 

31*0 

112 

90*0 

66-7 

172 

138-2 

102*5 

232 

186*3 

138-2 

292 

a34*5 

173*9 

53 

42*6 

3,6 

113 

90-8 

67-3 

173 

139*0 

103-1 

233 

187-1 

138-8 

293 

a35-3 

174-5 

54 

43*4 

32*2 

114 

91*6 

67-9 

174 

139*8 

103*7 

234 

i88*o 

139-4 

294 

236*1 

175*1 

55 

44'* 

328 

115 

92-4 

68*5 

175 

140*6 

104*2 

235 

188-8 

140*0 

295 

236*9 

175*7 

58 

45-0 

33*4 

116 

93-2 

69"  1 

176 

141*4 

104-8 

286 

189-6 

140*6 

296 

237-7 

176-3 

67 

45-8 

34-0 

117 

94*o 

69-7 

177 

142*2 

105*4 

287 

190-4 

141-2 

297 

a38*6 

176*9 

58 

46*6 

34-6 

118 

94'8 

70-3 

178 

143*0 

io6-o 

238 

191*2 

141-8 

298 

a39*4 

177-5 

59 

47*4 

35-1 

119 

956 

709 

179 

143*8 

106*6 

239 

192*0 

142*4 

299 

240*2 

178-1 

60 

482 

35-7 

120 

96-4 

71-5 

180 

144-6 

107*2 

240 

192-8 

143*0 

300 

241*0 

178-7 

piuJ 

Dep. 

D.Ui 

DistJ  Dap. 

D.L4it 

Dist 

Dep. 

D.  Lat 

Diat 

Dep. 

D.  Ut. 

Diat. 

Dep. 

D«Lat 

1 
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Dist. 

1 

D.Ut 

J^ep 

Dist 

D.Lat 

Dep. 

Dist. 

D.  Lat. 

Dep. 

Dist  D.  Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

0-8 

0-6 

61 

47*2 

38-7 

121 

93*5 

76-8 

181 

139-9 

1 14*  8 

241 

186-3 

152*9 

2 

1-5 

1-3 

62 

479 

39*3 

122 

94*3 

77*4 

182 

140-7 

115*5 

242 

187-1 

153*5 

8 

a-3 

1-9 

63 

48*7 

40*0 

123 

95*1 

78-0 

183 

141-5 

116*1 

243 

187-8 

154*2 

4 

31 

»-5 

64 

49' 5 

40*6 

124 

95*9 

78-7 

184 

142*2 

116-7 

244 

188-6 

154*8 

5 

3? 

3-2 

65 

50*2 

41*2 

126 

96*6 

79*3 

185 

H3*o 

117*4 

245 

189-4 

1554 

6 

4-6 

3-8 

66 

51-0 

41*9 

1*26 

97*4 

79*9 

180 

143*8 

118*0 

246 

190*2 

156*1 

7 

5*4 

4*4 

67 

51*8 

4»-5 

127 

98*2 

8o-6 

187 

144*6 

118*6 

247 

190-9 

156*7 

8 

6-2 

5-> 

68 

52*6 

43-1 

128 

98-9 

81-2 

188 

145*3 

119-3 

248 

191-7 

'57*3 

9 

7-0 

5'7 

69 

53*3 

43-8 

129 

99*7 

81-8 

189 

146*1 

119-9 

249 

192- 5 

158-0 

10 

7*7 

6-3 

70 

54-1 

44*4 

130 

ioo'5 

8r5 

190 

146-9 

120-5 

250 

'93*3 

u8-6 

11 

8-5 

7-0 

71 

54'9 

45*o 

131 

ioi*3 

83-1 

191 

147-6 

121*2 

251 

1940 

159-2 

12 

9*3 

7-6 

72 

55*7 

45*7 

132 

102*0 

83-7 

192 

148-4 

121-8 

252 

194-8 

'59*9 

IS 

lO'O 

8*2 

73 

56*4 

46*3 

133 

102-8 

'84-4 

193 

149-2 

122*4 

258 

195-6 

i6o*5 

U 

io*8 

8-9 

74 

57-2* 

46*9 

134 

103*6 

85*0 

194 

150*0 

123*1 

254 

196-3 

i6i*i 

15 

11-6 

9*5 

75 

58*0 

47-6 

135 

104*4 

856 

195 

150*7 

123*7 

255 

197-1 

i6i-8 

16 

12-4 

IO*2 

76 

58-7 

48*2 

136 

105*1 

86-3 

196 

151-5 

124*3 

256 

197-9 

162-4 

17 

131 

IO-8 

77 

59*5 

488 

137 

105*9 

86*9 

197 

1523 

125*0 

257 

198*7 

163*0 

18 

13-9 

11-4 

78 

6o*3 

49*5 

138 

106*7 

87-5 

198 

153*1 

125*6 

258 

»99*4 

163*7 

19 

14-7 

12*1 

79 

6i*i 

50-1 

139 

107*4 

88*2 

199 

153*8 

126*2 

269,^200*2 

164-3 

20 

'5*5 

12-7 

80 

61*8 

50-8 

140 

108-2 

88-8 

200 

154-6 

126*9 

260 

20I*0 

1649 

21 

l6«2 

13-3 

81 

62*6 

51-4 

141 

109-0 

894 

201 

J55*4 

127-5 

261 

201-8 

165*6 

22 

17*0 

14-0 

82 

63*4 

52*0 

142 

109*8 

90-1 

202 

156*1 

128*1 

262 

202*5 

i66*2 

23 

17-8 

14*6 

83 

64-2 

52-7 

143 

110*5 

90-7 

203 

1569 

128*8 

268 

203*3 

1 66*8 

24 

i8-6 

15-2 

84 

649 

53*3 

144 

111*3 

91-4 

204 

157*7 

129*4 

264 

204*1 

167-5 

25 

19-3 

15-9 

85 

65*7 

53-9 

145 

112*1 

92-0 

205 

158*5 

130-1 

265 

204-8 

168*  I 

26 

20*1 

i6-5 

86 

66*5 

54*6 

146 

112*9 

92*6 

206 

159*2 

130-7 

266 

205-6 

168*7 

27 

20*9 

171 

87 

67*3 

55'i 

147 

1136 

93*3 

207 

160*0 

131*3 

267 

206-4 

169*4 

28  1  11-6 

17-8 

88 

68'o 

55-8 

148 

114*4 

93*9 

208 

1608 

132-0 

268 

207-2 

170*0 

29     22-4 

i8'4 

89 

68*8 

56-5 

149 

115*2 

94*5 

209 

i6i*6 

132-6 

269 

207*9 

170-7 

80 

23-2 

19-0 

90 

69*6 

57-1 

ISO 

116*0 

95-2 

210 

162-3 

133*2 

270 

208*7 

171-3 

31 

24*0 

19-7 

91 

70*3 

57*7 

151 

116*7 

95*8 

211 

163*1 

»33*9 

271 

209*5 

1719 

32 

24-7 

20*3 

92 

71*1 

58-4 

152 

117*5 

96-4 

212 

163-9 

«34*5 

272 

210-3 

172*6 

33 

aS'S 

20*9 

93 

71*9 

59*o 

153 

118*3 

97*1 

213 

164*7 

135-1 

27s 

2I1*0 

173*2 

34 

26*3 

21'6 

94 

72*7 

59*6 

154 

119*0 

97*7 

214 

165-4 
166*2 

135*8 

274 

211-8 

173-8 

35 

27-1 

22*2 

95 

73'4 

6o*3 

155 

119*8 

98-3 

215 

136-4 

275 

212*6 

«74-5 

36 

27-8 

22*8 

96 

74*2 

60*9 

156 

120*6 

99.0 

216 

167*0 

137*0 

276 

213*4 

175*1 

37 

28-6 

»3-5 

97 

75*0 

6i*5 

167 

121*4 

99-6 

217 

167*7 

«37*7 

277 

214*1 

175*7 

88 

29-4 

24*1 

98 

75*8 

62*2 

158 

122*1 

100*2 

218 

168*5 

138*3 

278 

214*9 

176-4 

89 

30-1 

24*7 

99 

76*5 

62*8 

159 

122*9 

100*9 

219 

1693 

138*9 

279 

215-7 

177*0 

40 

30-9 

*5-4 

100 

77*3 

63-4 

160 

123-7 

101-5 

220 

170-1 

139*6 

280 

216-4 

177*6 

41 

3X'7 

26*0 

101 

78-1 

64., 

161 

124*5 

I02'l 

221 

170*8 

140*2 

281 

217-2 

178*3 

42 

32-5 

266 

102 

78*8 

64*7 

162 

125-2 

I02*8 

222 

171*6 

140-8 

282 

219-0 

178*9 

43 

332 

27*3 

103 

79.6 

65-3 

168 

126*0 

103-4 

228 

172-4 

141-5 

283 

218*8 

179-5 

44 

34-0 

17.9 

104 

80*4 

66*0 

164 

126*8 

104-0 

224 

173-2 

142*1 

284 

219*5 

180-2 

45 

34-8- 

28*5 

105 

8l*2 

66-6 

165 

127*5 

104*7 

225 

173*9 

142-7 

285 

220*3 

iSo-S 

46 

35-6 

29*2 

106 

81*9 

67*2 

166 

128*3 

105*3 

226 

174*7 

143*4 

286 

221*1 

181-4 

47 

36-3 

29«8 

107 

82-7 

67-9 

167 

129*1 

105-9 

227 

175*5 

144*0 

287 

221-9 

182-1 

48 

37*1 

30*5 

108 

83-5 

68-5 

168 

129-9 

106*6 

228 

176*2 

144*6 

288 

222*6 

182-7 

49 

37'9 

31*1 

109 

84-3 

69*  I 

169 

130-6 

107*2 

229 

177*0 

H5*3 

289 

223-4 

183-3 

50 

38-7 

31*7 

110 

85*0 

69*8 

170 

131*4 

107*8 

230 

177-8 

145*9 

290 

224-2 

184*0 

51 

39'4 

32*4 

111 

85*8 

70-4 

171 

132*2 

108-5 

231 

1786 

146-5 

291 

224*9 

184-6 

52 

40-2 

33-0 

112 

86-6 

7i'i 

172 

133-0 

109*1 

232 

'79*3 

147-2 

292 

225-7 

185-2 

58 

41-0 

33*6 

113 

87-4 

71*7 

173 

133*7 

109-8 

238 

180-1 

147-8 

293 

226-5 

185*9 

54 

4X'7 

34*3 

114 

88*1 

72*3 

174 

134-5 

110*4 

234 

180*9 

148-4 

294 

227-3 

186*5 

55 

4»*5 

349 

115 

88*9 

73*0 

175 

135-3 

111*0 

235 

181-7 

149-1 

295 

228-0 

187-1 

56    43*3  1 

35'S 

116 

89*7 

73*6 

176 

136-0 

111*7 

236 

182-4 

1497 

296 

228-8 

187-8 

67 

44-1 

36*2 

117 

90*4 

74'a 

177 

136-8 

112*3 

237 

183*2 

150*4 

297 

229-6 

188*4 

58 

44.8 

36-8 

118 

91*2 

74*9 

178 

137-6 

112*9 

238 

184-0 

151*0 

298 

230-4 

189-0 

59 

45-6 

37-4 

119 

92*0 

75'S 

179 

138-4 

113-6 

239 

184-7 

151*6 

299 

231-1 

189*7 

60 
Dist 

46'4 

38*1 

120 

92-8 

76-1 

180 

139-1 

114*2 

240 

185-5 

152*3 

300 

231*9 

190-3 

Dep.  D.Lat 

Dist 

Dep. 

D.Lat 

Dist    Dep. 

D.  Lat. 

Dist.    Dep. 

D.Lat 

Dist 

D.»p. 

D.  Ut 
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Diet 

D.Ut 

Dep. 

Dbt 

D.Lat 

.  Dep. 

Oisr 

.  D.  Lat 

Dep. 

Dist 

.  D.  Lat 

.    Dep. 

Dist.  D.  Lat 

.    D«p. 

1 

0-7 

0-7 

61 

45-2 

4X*o 

121 

89-7 

8i-3 

181 

134X 

I2X'6 

241 

X78-6 

x6x*8 

2 

i'5 

1*3 

62 

45*9 

4X*6 

122 

90-4 

8x*9 

182 

»34-9 

X22-2 

242 

179*3 

X62-5  1 

3 

2-2 

2*0 

63 

467 

42-3 

123 

9x*i 

82*6 

183    1356 

X22*9 

243 

x8o-x 

163-21 

4 

3-0 

2-7 

64 

47*4 

43-0 

124 

91-9 

«3-3 

184    X36-3 

X23*6 

244 

x8o-8  1  x63-9  1 

6 

3*7 

3*4 

65 

48*2 

43*7 

125 

92*6 

83-9 

186 

137-1 

X24-2 

246 j  x8i*5 

164-5 

6 

4"4 

4-0 

66 

489 

44"  3 

126 

93'4      84-6 

186 

137-8 

124*9 

246 

X82-3 

165*2 

7 

5* 

4*7 

67 

496 

45*0 

127 

94-1      853 

187 

X38-6 

X25'6 

247 

X83-0 

165-9 

8 

5*9 

5*4 

68 

50-4 

45*7 

128 

94-8 

86-0 

188 

139-3 

X26*3 

248 

183-8 

x66*5 

9 

6-7 

60 

69 

511 

46*3 

129 

95-6 

86-6 

189 

X40-0 

X26*9 

249 

184-5 

x67'2 

10 

7*4 

6*7 

70 

5'-9 

47-0 

130 

963 

87-3 

190 

X40-8 

X27*6 

260 

x85-2 

167*9 

11 

8-2 

7-4 

71 

52*6 

47*7 

131 

97- X 

88-0 

191 

H"*S 

128*3 

261 

x86*o 

i68-6 

12 

8-9 

81 

72 

53-3 

48-4 

132 

97-8 

88-6 

192 

X42-3 

X28«9 

262 

x86*7 

x69*2 

13 

9-6 

«-7 

73 

54-1 

49-0 

133 

98-5 

89-3 

193 

1430 

X29-6 

253 

187-5 

169-9 

14 

io'4 

9*4 

74 

54-8 

49' 7 

134 

99*3 

90-0 

194 

143-7 

130-3 

254 

x88*2 

X70-6 

16 

ii'i 

lo-i 

75 

55-6 

50-4 

135 

XOO'O 

907 

195 

144-5 

X3I-0 

266 

188-9 

X7X-2 

]« 

11-9 

10-7 

76 

563 

5i'o 

136 

ioo*8 

9X-3 

196 

X45-2 

I3X-6 

256 

189-7 

171-9 

17 

12-6 

II-4 

77 

57-1 

51-7 

137 

xoi'5 

92-0 

197 

146*0 

131-3 

267 

190*4 

172*6 

18 

'3*3 

I2'I 

78 

57-8 

52-4 

138 

X02*3 

927 

198 

X46-7 

133-0 

268 

191*2 

173-3 

19 

141 

12-8 

79 

58-5 

53*1 

139 

103*0 

93'3 

199 

147-4 

133*6 

269 

X91-9 

173-9 

20 

14-8 

»3-4 

80 

59*3 

53*7 

140 

103-7 

94«o 

200 

X48-2 

134-3 

260 

192*6 

174-6 

21 

15-6 

14- 1 

81 

6o'o 

54'4 

141 

104-5 

94*7 

201 

148-9 

135-0 

261 

»93-4 

'75*3 

22 

i6-3 

14-8 

82 

608 

55-» 

142 

105-2 

95*4 

202 

149-7 

135-7 

262 

194-1 

175-9 

23 

i7'o 

15*4 

83 

61.5 

55*7 

143 

xo6-o 

96-0 

203 

150*4 

136-3 

263 

194-9 

X76-6 

24 

17-8 

i6-i 

84 

62*2 

564 

144 

xo6*7 

96:7 

204 

X5X-2 

X37-0 

264 

195*6 

177-3 

25 

i8-5 

168 

85 

63-0 

57-1 

145 

107-4 

97-4 

205 

151-9 

137-7 

266 

196*4 

X78-0 

26 

19-3 

»7-5 

86 

63-7 

57-8 

146 

io8*2 

98-0 

206 

X52-6 

138-3 

266 

197*1 

X78-6 

27 

20*0 

181 

87 

64-5 

58-4 

147 

xo8*9 

987 

207 

153-4 

139-0 

267 

197-8 

»79-3 

28 

lO'J 

i8*8 

SB 

65.2 

59- X 

148 

109-7 

99'4 

208 

»54-i 

139-7 

268 

X98-6 

x8o*o 

29 

11-5 

19s 

89 

65-9 

59-8 

149 

iio'4 

lOO'I 

209 

»54-9 

140-4 

269 

199*3 

x8o-6 

30 

22-2 

20-1 

90 

66-7 

60 '4 

150 

XIX'X 

ioo'7 

210 

X55-6 

X4X'o 

270 

200»X 

x8i*3 

31 

13*0 

20-8 

91 

67-4 

6x'i 

151 

ixx-9 

xox*4 

211 

156*3 

141-7 

271 

200-8 

x82*o 

32 

23.7 

21'5 

92 

68-2 

6i-8 

152 

II2-6 

X02*I 

212 

X57X 

141-4 

272 

20X«5 

x82-7 

33 

H'5 

22*2 

93 

68*9 

62*5 

153 

XX3-4 

X02*7 

213 

157*8 

143-0 

273 

202  •3 

183-3 

34 

25-1 

22*8 

94 

69*6 

63»i 

154 

1 14- 1 

103-4 

214 

X58-6 

143 '7 

274 

203-0 

x84*o 

35 

25-9 

23-5 

95 

70-4 

63-8 

156 

xi4'8 

104*  I 

215 

»59-3 

1444 

275 

203-8 

184-7 

36 

26'7 

24*2 

96 

7I-I 

64-5 

166 

JX5-6 

X04-8 

216 

x6o-o 

145-1 

276 

204*5 

185*4 

37 

a7'4 

24-8 

97 

71-9 

65-x 

157 

xi6'3 

105-4 

217 

160*8 

145-7 

277 

205*.2 

x86-o 

38 

28-1 

»5-5 

98 

72*6 

65-8 

168 

1x7-1 

106' 1 

218 

x6i*5 

1464 

278 

206*0 

186-7 

39 

28*9 

26-2 

99 

73*4 

66*5 

159 

XX7-8 

106-8 

219 

162*3 

147-1 

279 

206*7 

187-4 

40 

29-6 

26-9 

100 

74*  X 

67*2 

160 

1x8*6 

X07-4 

220 

163-0 

147-7 

280 

207*5 

x88*o 

41 

30-4 

27-5 

101 

74-8 

67-8 

161 

"9'3 

xo8m 

221 

x63-8 

148*4 

281 

208'2 

188*7 

42 

3x1 

282 

102 

75-6 

68-5 

162 

X20*0 

io8-8 

222 

164-5 

149*1 

282 

208-9 

189*4 

43 

3»'9 

28-9 

103 

76*3 

69-2 

163 

I20-8 

109-5 

223  •  x65-2| 

149-8 

283 

209-7 

X90-X 

44 

32-6 

29-5 

104 

77*1 

69*8 

164 

X2X-5 

ixo-i 

224 

x66-o 

150-4 

284 

2X0-4 

190*7 

45 

33*3 

30*2 

105 

77-8 

70-5 

165 

X22*3 

IIO-8 

226 

x66*7 

X5i*x 

285 

2IX'2 

191-4 

46 

34*1 

30-9 

106 

78-5 

71-2 

166 

123-0 

iix-5 

226 

167*5 

15X-8 

286 

2XX-9 

192- X 

47 

34-8 

3i'6 

107 

79*3 

7x9 

167 

"37 

XX2-2 

227 

i68*2 

152*4 

287 

212-7 

X92-7 

48 

35-6 

32*2 

108 

800 

72-5 

168 

124-5 

II2-8 

228 

X68-9 

1531 

288 

2x3*4 

193-4 

49 

363 

32-9 

109 

8o-8 

73-2 

169 

125*2 

"3*5 

229 

x69*7 

153-8 

289    2X4-X 

194-1 

50 

37-0 

33-6 

110 

8i-5 

73*9 

170 

126-0 

XI4-2 

230 

170-4 

154-5 

290    2x4*9 

194-8 

51 

37-8 

342 

111 

82-2 

74*5 

171 

i26»7 

xx4'8 

231 

X71-2 

155-1 

291    215*6 

195-4 

52 

38-5 

34-9 

112 

83*0 

75'* 

172 

127-4 

X15-5 

232 

171-9 

X55-8 

292 

216-4 

196-1 

53 

39*3 

35-6 

113 

83-7 

75*9 

173 

X28-2 

1X6*2 

233 

I72»6 

X56-5 

293 

2I7*X 

X96-8 

54 

40*0 

36-3 

114 

84-5 

76-6 

174 

128-9 

ii6'9 

234 

»73-4 

1571 

294 

217-8 

1974 

55 

40*8 

36-9 

115 

852 

77-2 

176 

129-7 

117-5 

236 

174-1 

157-8 

295 

218*6 

1981 

56 

4'-S 

37-6 

116 

860 

77*9 

176 

130-4 

xx8-2 

236 

174-9 

158-5 

296 

2193 

198-8 

57 

42-2 

38-3 

117 

86-7 

78-6 

177 

I3I-I 

xi8'9 

237 

X75-6 

1592 

297 

220-I 

199-5 

58 

43-0 

39-0 

118 

87-4 

79.2 

178 

131-9 

"9*5 

238 

176-3 

1598 

298 

220-8 

200-I 

59 

43*7 

39-6 

119 

88-2 

79.9 

179 

,32-6 

X20-2 

239 

177*1 

i6o*5 

299 

221*5 

2CO-8 

60 

44*5 

40-3 

120 

88*9 

8o-6 

180 

J33-4 

X2O-9 

240 

177-8 

X6l*2 

300 

222*3 

2OX-5 

IKat  Dep. 

O.Ut 

Dut. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.  Lat.|Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.  Latl 

4)  Points. 
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4  PoioU. 

45"       1 

Ditt 

D.Lar 
0*7 

Dep. 

Dist 

D.  Lat. 

Dep. 

Dist. 

D.Lftt 

Dep. 

Dist  D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

1 

o'7 

61 

43*1 

43*1 

121 

85-6 

85*6 

181 

128*0 

128*0 

241 

1704 

170*4 

2 

i'4 

1-4 

62 

43-8 

43*8 

122 

86*3 

86*3 

182 

128*7 

128*7 

242 

171*1 

i71"i 

3 

2*1 

2*1 

63 

44*5 

44*5 

123 

87*0 

87*0 

183 

129-4 

129*4 

243 

171*8 

171-8 

4 

2*8 

2-8 

64 

45*3 

45'3 

124 

877 

87*7 

184 

I30'i 

130*1 

244 

172*5 

172*5 

5 

3*5 

3*5 

65 

46*0 

46-0 

125 

88*4 

88*4 

185 

130*8 

130*  8 

246 

173*2 

173*2 

6 

4*a 

42 

ee 

46-7 

46-7 

126 

89- 1 

89*1 

186 

1315 

131-5 

846 

"73*9 

173*9 

7 

4*9 

4*9 

67 

47'4 

47'4 

127 

898 

898 

187 

132*2 

132*2 

247 

174-7 

174*7 

8 

5'7 

5*7 

68 

48*1 

48-1 

128 

90-5 

90*5 

188 

131-9 

1329 

248 

i75'4 

'75*4 

9 

6-4 

6-4 

69 

488 

48*8 

129 

91*2 

9r2 

189 

133-6 

133-6 

249 

176-1 

176*1 

10 

7-1 

7*1 

70 

49*5 

49*5 

130 

919 

91-9 

190 

134*4 

»34*4 

250 

176-8 

176*8 

11 

7-8 

7-8 

71 

50*2 

50*2 

131 

92'6 

92-6 

191 

135*1 

«35i 

251 

177*5 

177*5 

12 

8-5 

8-5 

72 

50-9 

50-9 

132 

93*3 

93*3 

192 

135-8 

135*8 

252 

178*2 

178-1 

13 

9-2 

9-2 

73 

51-6 

5i'6 

138 

94-0 

940 

193 

136-5 

136-5 

263 

178*9 

1789 

14 

9*9 

9? 

74 

52-3 

52-3 

134 

94-8 

94*8 

194 

137*2 

137*2 

254 

179*6 

179*6 

15 

10-6 

io*6 

75 

53-0 

53-0 

135 

95*5 

95*5 

195 

137-9 

137-9 

256 

180*3 

i8o*3 

16 

11-3 

11-3 

76 

53-7 

53-7 

186 

96*2 

96-2 

196 

138-6 

138*6 

266 

181*0 

181*0 

17 

I2*0 

I2*0 

77 

54*4 

54*4 

187 

96-9 

96*9 

197 

139-3 

139*3 

257 

181*7 

i8i*7 

18 

12-7 

12*7 

78 

5S'a 

55*2 

138 

97-6 

97'6 

198 

140*0 

140*0 

258 

182*4 

182*4 

19 

i3'4 

13*4 

79 

55? 

55*9 

139 

98-3 

98-3 

199 

140-7 

140*7 

259 

183-1 

183-1 

20 

14-1 

14*1 

80 

56-6 

56-6 

140 

99-0 

99.0 

200 

141-4 

141*4 

260 

183*8 

1838 

21 

14*8 

14-8 

81 

57*3 

57*3 

141 

99.7 

99*7 

201 

142*1 

142*1 

261 

1846 

184*6 

22 

15-6 

15-6 

82 

58*0 

58-0 

142 

100*4 

100*4 

202 

142-8 

142-8 

262 

185-3 

185-3 

23 

i6-3 

16-3 

83 

58-7 

58-7 

143 

lOI'I 

lOl'l 

203 

143-5 

143*5 

263 

i86-o 

186*0 

24 

17*0 

17*0 

84 

59*4 

59*4 

144 

101-8 

101*8 

204 

144-2 

144*2 

264 

i86*7 

186*7 

25 

17-7 

17-7 

85 

601 

6o-i 

145 

I02'5 

102 '5 

205 

145*0 

145-0 

265 

187*4 

187*4 

26 

18*4 

18*4 

86 

6o'8 

6o-8 

146 

103-2 

103*2 

206 

H5*7 

H5*7 

266 

188*1 

188*1 

27 

19-1 

19-1 

87 

6i«5 

6i*5 

147 

103*9 

103-9 

207 

146-4 

146*4 

267 

188*8 

188*8 

28 

19*8 

i9'8 

88 

62*2 

62*2 

148 

104-7 

104*7 

208 

147*1 

147*1 

268 

189*5 

189*5 

29 

20'5 

20*5 

89 

62*9 

62*9 

149 

105*4 

105*4 

209 

1478 

147-8 

269 

190*2 

190-2 

30 

21-2 

21-2 

90 

63-6 

63-6 

150 

io6*i 

io6*i 

210 

148*5 

148*5 

270 

190*9 

190*9 

31 

21*9 

21*9 

91 

64-3 

64-3 

151 

io6*8 

106*8 

211 

149*2 

149*2 

271 

191*6 

191*6 

32 

22'6 

22*6 

92 

65-1 

65-, 

152 

107-5 

107-5 

212 

149*9 

149*9 

272 

192-3 

192-3 

33 

233 

a3-3 

93 

65*8 

658 

153 

io8-2 

108*2 

213 

150*6 

150*6 

273 

1930 

193*0 

34 

24-0 

24*0 

94 

66-5 

66-5 

154 

108 '9 

io8*9 

214 

151-3 

1513 

274 

193*7 

193*7 

35 

a4'7 

24-7 

96 

67*2 

67-2 

156 

109*6 

109*6 

215 

152*0 

152-0 

276 

»94-5 

194-5 

36 

as- 5 

25-5 

96 

679 

67-9 

156 

no*  3 

110*3 

216 

152*7 

152-7 

276 

195*2 

195*2 

37 

26*2 

26-2 

97 

68*6 

68*6 

157 

III'O 

111*0 

217 

153*4 

153-4 

277 

»95*9 

195-9 

38 

26*9 

26*9 

98 

69-3 

69.3 

158 

111*7 

111*7 

218 

154*1 

154-1 

278 

196*6 

196*6 

30 

27'6 

27-6 

99 

70*0 

70-0 

159 

112*4 

112*4 

219 

'54*9 

154*9 

279 

J97-3 

197-3 

40 

aS'3 

28-3 

100 

70-7 

70-7 

160 

113*1 

113*1 

220 

155*6 

155*6 

280 

198*0 

198*0 

41 

29*0 

29*0 

101 

71-4 

71-4 

161 

113*8 

113*8 

221 

156*3 

156*3 

281 

198*7 

198-7 

42 

29-7 

29-7 

102 

72*1 

72-1 

1G2 

114*6 

114-6 

222 

157-0 

157*0 

282 

199*4 

199*4 

43 

304 

30*4 

103 

72*8 

71-8 

163 

115*3 

115-3 

223 

157-7 

157-7 

283 

200*1 

20O*I 

44 

31*1 

3I-I 

104 

73*5 

73*5 

164 

ii6*o 

ii6'o 

224 

158*4 

158*4 

284 

200*8 

200*8 

45 

31*8 

31-8 

105 

74-2 

74*2 

166 

116*7 

116*7 

226 

159*1 

159*1 

285 

201-5 

201*5 

46 

3a-5 

i^'5 

106 

75-0 

750 

166 

117-4 

117*4 

226 

159*8 

159-8 

286 

202*2 

202*2 

47 

33-i 

33'a 

107 

75*7 

75*7 

167 

it8m 

ii8*i 

227 

i6o*5 

i6o*5 

287 

202*9 

202*9 

48 

33*9 

339 

108 

76-4 

76-4 

168 

ii8*8 

118-8 

228 

161*2 

161*2 

288 

203*6 

203-6 

49 

34-6 

34-6 

109 

77-1 

77*1 

169 

119*5 

119*5 

229 

161*9 

161*9 

289 

204*4 

204*4 

50 

35*4 

35*4 

110 

77-8 

77*8 

170 

120*2 

120*2 

230 

1626 

162*6 

290 

205*1 

205*1 

61 

36*1 

36-1 

111 

78-5 

78-5 

171 

I20'9 

120'9 

231 

163*3 

163*3 

291 

205*8 

205*8 

52 

36*8 

36-8 

112 

79.2 

79*2 

172 

121*6 

121*6 

232 

164-0 

164*0 

292 

206*5 

206*5 

53 

37*5 

37*5 

113 

79.9 

79.9 

173 

122*3 

122*3 

233 

164*8 

164*8 

293 

207-2 

207-2 

54 

38'i 

382 

114 

8o*6 

8o-6 

174 

123-0 

123*0 

234 

166*2 

165-5 

294 

207*9 

207-9 

65 

389 

389 

115 

8i-3 

81-3 

175 

123*7 

123*7 

235 

166*2 

295 

208*6 

2o8'6 

56 

39-6 

39.6 

116 

82*0 

820 

176 

124*5 

124*5 

236 

166*9 

166*9 

296 

209-3 

209*3 

67 

40-3 

40-3 

117 

82*7 

82-7 

177 

125-2 

125*2 

237 

167-6 

167*6 

297 

210-0 

2I0*0 

58 

41*0 

41*0 

118 

83*4 

83-4 

178 

125*9 

125-9 

238 

168-3 

168*3 

298 

210*7 

210*7 

59 

41-7 

41-7 

119 

84*1 

84-1 

179 

126*6 

126-6 

239 

169-0 

169*0 

299 

211*4 

211*4 

00 

41-4 

42-4 

120 

84-9 

84*9 

180 

ia7'3 

127*3 

240 

169*7 

169-7 

300 

212-1 

212-1 

Dist 

Dep. 

D.LBtlDist 

Dep. 

D.LatlDiat 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Ut 

Dist   Dep. 

D.Lat 

4Po 

iota. 

4b^       1 
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r 

3 

0*4-     1 

Dtet 

D.LAt 

Dep. 

Dist 

D.Lat. 

D«p. 

Disr. 

D.  Lat.   Dep. 

1 
Dist.  D.  Lat. 

Dep. 

Dist  D.Lat. 

1 

Dep. 

1 

!•© 

o*o 

61 

6i'o 

I'l 

121 

121*0 

2*1 

181 

181-0 

3-2 

241 

r 
241*0 

4-1 

S 

2'0 

O'O 

62 

62'0 

I'l 

122 

122-0 

2*1 

182 

182*0 

3-a 

242 

242*0 

4-2 

3 

3-0 

o*i 

63 

63'o 

I'l 

123 

123*0 

2-1 

183 

183*0 

3-2 

243 

243-0 

4*2 

4 

4-0 

0"I 

64 

64*0 

1*1 

124 

J24'0 

2*2 

184 

184*0 

3a 

244 

244-0 

4*3 

5 

5-0 

O'l 

66 

65-0 

1*1 

125 

125*0 

2-2 

186 

1850 

3-» 

246 

245*0 

4' 3 

• 

6*o 

o-i 

66 

66-0 

1*2 

126 

126*0 

2-2 

186 

i860 

3-» 

246 

246*0 

4*3 

7 

7-0 

0"1 

67 

67*0 

1*2 

127 

127*0 

2-2 

187 

187*0 

3*3 

247 

247*0 

4*3 

8 

8o 

O'l 

68 

68-0 

1*2 

128 

128*0 

2*2 

188 

188*0 

3*3 

248 

248*0 

4*3 

9 

9-0 

0*2 

69 

69*0 

1'2 

129 

129*0 

2*3 

189 

189*0 

3*3 

249 

249*0 

43 

10 

lO'O 

0'2 

70 

70*0 

1*2 

130 

130*0 

2*3 

190 

190*0 

3*3 

260 

250-0 

4*4 

11 

II-O 

0*2 

71 

7  I'O 

1-2 

131 

131*0 

»-3 

191 

191*0 

3*3 

261 

251*0 

4*4 

12 

la'o 

0*2 

72 

72-0 

1-3 

132 

132*0 

2*3 

192 

192-0 

3*4 

262 

252-0 

4*4 

13 

i3*o 

0-2 

73 

73-0 

'•3 

133 

133*0 

2-3 

193 

193*0 

3*4 

263 

a53'o 

4.4 

U 

14-0 

0'2 

74 

74'o 

i'3 

134 

1340 

2*3 

194 

194*0 

3-4 

264 

254-0 

4-4 

U 

15*0 

03 

76 

75-0 

i'3 

136 

135*0 

a'4 

196 

195*0 

3'4 

256 

255-0 

4-5 

16 

16*0 

0-3 

76 

76*0 

«-3 

136 

136*0 

2*4 

196 

196*0 

3*4 

256 

256*0 

4*5 

17 

lyo 

o*3 

77 

77-0 

«'3 

187 

137-0 

»-4 

197 

197*0 

3'4 

267 

257*0 

4' 5 

18 

i8-o 

0-3 

78 

78-0 

1*4 

138 

138-0 

»-4 

198 

198*0 

3-5 

268 

258-0 

4*5 

19 

19*0 

o*3 

79 

79.0 

»'4 

139 

139*0 

»-4 

199 

1990 

3-5 

269 

259-0 

4-5 

20 

ao'o 

0-3 

80 

8o'o 

1-4 

140 

140*0 

2-4 

200 

200'0 

3-5 

260 

260*0 

4*5 

21 

Sl'O 

0-4 

81 

8i-o 

1*4 

141 

141*0 

»-5 

201 

201*0 

3-5 

261 

261*0 

4-6 

23 

22*0 

04 

82 

82*0 

I '4 

142 

142*0 

»*5 

202 

202*0 

3-5 

262 

262*0 

4-6 

23 

43*0 

04 

83 

83-0 

1*4 

143 

143*0 

a-5 

203 

203-0 

3-5 

263 

263*0 

4-6 

24 

24*0 

0-4 

84 

84-0 

>-5 

144 

144*0 

»-5 

204 

204*0 

3*6 

264 

264*0 

4-6 

25 

25-0 

0-4 

85 

85-0 

'•5 

145 

1450 

i-5 

205 

205*0 

3-6 

265 

265*0 

4*6 

26 

26*0 

05 

86 

86-0 

»*5 

146 

146-0 

2*5 

206 

206*0 

3-6 

266 

266*0 

4-6 

27 

27*0 

0-5 

87 

87-0 

>*S 

147 

147-0 

2*6 

207 

207*0 

3*6 

267 

267-0 

4*7 

28 

28*0 

0-5 

88 

88*o 

J'5 

148 

148-0 

2-6 

208 

208-0 

3*6 

268 

268-0 

4*7 

29 

29*0 

0-5 

89 

89-0 

1-6 

149 

149*0 

2*6 

209 

209*0 

3-6 

269 

269-0 

4*7 

30 

30*0 

05 

90 

90*0 

1-6 

160 

150-0 

2*6 

210 

210-0 

3*7 

270 

270*0 

4*7 

81 

31*0 

0-5 

91 

91*0 

1-6 

161 

151*0 

2*6 

211 

2II'0 

3-7 

271 

271*0 

4*7 

32 

32'0 

0*6 

92 

92*0 

1-6 

152 

152*0 

2*7 

212 

212*0 

3-7 

272 

272*0 

4-7 

33 

33-0 

0-6 

93 

93-0 

1-6 

163 

153-0 

2*7 

213 

213-0 

3*7 

273 

273*0 

4-8 

34 

34-0 

0-6 

94 

940 

1-6 

164 

154-0 

2*7 

214 

214*0 

3*7 

274 

274-6 

4-8 

35 

350 

0-6 

96 

95'o 

»•? 

166 

155-0 

»-7 

215 

215'0 

3-8 

275 

275*0 

4*8 

36 

36*0 

0*6 

96 

96-0 

i'7 

156 

156*0 

»-7 

216 

2l6*0 

3-8 

276 

276*0 

4-8 

37 

37-0 

0-6 

97 

97*0 

i'7 

167 

157-0 

2*7 

217 

217-0 

3-8 

277 

277*0 

4*8 

38 

38-0 

0-7 

08 

980 

1*7 

168 

158*0 

2*8 

218 

218*0 

3-8 

278 

278*0 

4'9 

39 

39'0  1  o"7 

99 

99-0 

1-7 

169 

159*0 

2-8 

219 

219-0 

3-8 

279 

279-0 

4-9 

40 
41 

40*0 

0-7 

100 

lOO'O 

1-7 

160 

160*0 

2-8 

220 

220*0 

3-8 

280 

280*0 

4*9 

41*0 

o'7 

101 

lOZ'O 

1-8 

161 

161*0 

2-8 

221 

221*0 

39 

281 

281-0 

4*9 

42 

42*0 

0-7 

102 

102*0 

1-8 

162 

162-0 

2*8 

222 

222*0 

3'9 

282 

282*0 

4-9 

43 

43-0 

o*8 

103 

103*0 

1-8 

163 

163*0 

2*8 

223 

223-0 

3*9 

283 

283*0 

49 

44 

44*o 

o*8 

104 

104-0 

1-8 

164 

164-0 

2*9 

224 

224*0 

3-9 

284 

284*0 

5*o 

46 

45-0 

0-8 

105 

105-0 

1-8 

165 

165-0 

2-9 

226 

225-0 

3-9 

285 

285*0 

5'o 

46 

46'o 

0-8 

106 

106-0 

1-8 

166 

166*0 

2-9 

226 

226*0 

3'9 

286 

286*0 

5-0 

47 

470 

08 

107 

107-0 

1*9 

167 

167-0 

2*9 

227 

227-0 

4*0 

287 

287*0 

5-0 

48 

48-0 

08 

108 

io8*o 

1*9 

168 

168*0 

2-9 

228 

228*0 

4*o 

288 

288-0 

5-0 

49 

49-0 

09 

109 

109-0 

1*9 

169 

169-0 

2*9 

229 

229*0 

4-0 

289 

289*0 

5-0 

60 
61 

50*0 

09 

110 

iio-o 

i'9 

170 

170-0 

30 

230 

230*0 

4-0 

290 

290*0 

5-1 

5i'o 

o'9 

111 

III'O 

1-9 

171 

171-0 

3-0 

231 

231*0 

4*0 

291 

291-0 

5-> 

62 

51*0 

o'9 

112 

112*0 

2'0 

172 

172*0 

3'o 

232 

232*0 

4-0 

292 

292*0 

5-1 

53 

Sl'O 

o'9 

113 

ii3'o 

2'0 

173 

173-0 

30 

233 

233*0 

41 

293 

293-0 

5-» 

64 

540 

0-9 

114 

ii4'o 

2*0 

174 

174-0 

3-0 

234 

»340 

4*1 

294 

294*0 

51 

65 

SS'o 

I'O 

116 

115-0 

2'0 

175 

175-0 

31 

235 

235*0 

4-1 

296 

295*0 

5'" 

66 

56-0 

1*0 

116 

ii6-o 

2'0 

176 

176*0 

3-1 

236 

236*0 

4-1 

296 

296-0 

5"* 

57 

57-0 

I'O 

117 

1 17-0 

2*0 

177 

177-0 

3' 

237 

237*0 

4-1 

297 

297-0 

5*2 

68 

58*0 

I'O 

118 

iiS'o 

2*1 

178 

178*0 

3*' 

238 

238-0 

4*2 

298 

298*0 

5-2 

59 

59-0 

I'O 

119 

119*0 

2*1 

179 

i79'o 

3-1 

239 

239-0 

4-2 

299 

299*0 

5-» 

60 
Dial 

6o'o  •  I'o 

120 

120*0 

2*1 

180 

180*0 

3'' 

240 

240*0 

4-2 

300 

300*0 

5a 

•  Dtp. 

.i 

D.Ut 

Dist 

Dep. 

D.Ut 

Dist 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.  Lat. 

1 

8 

9^^ 

5»»i 

i6" 
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2P 

0»»8»    1 

Dist.JD.Lat 

Dep. 

DistD.Lttt 

Dep. 

Diau 

D.Lat. 

Dep. 

Diat.  D.  LaL 

Dep. 

Disc 

D.Lat. 

Dep. 

1 

I'O 

o*o 

61 

6i-o 

2' I 

121 

I20*9 

4*2 

181 

i8o'9 

6-3 

241 

240*9 

8*4 

2 

2*0 

O'l 

62 

62*0 

2*2 

122 

I21'9 

4'3 

182 

181-9 

6*4 

242 

2419 

8*4 

3 

3-0 

O'l 

63 

63*0 

2*2 

123 

122*9 

4*3 

183 

182-9 

6*4 

243 

2429 

8-5 

4 

40 

o-i 

64 

64-0 

2*2 

124 

I23'9 

4*3 

184 

1839 

6-4 

244 

243*9 

8*5 

5 

50 

0-2 

65 

65-0 

2'3 

125 

124-9 

4'4 

186 

1849 

6-5 

245 

a44*9 

8*6 

ft 

6-0 

0*2 

66 

66'o 

2'3 

126 

1259 

4*4 

186 

185*9 

6-5 

246 

245*9 

8-6 

7 

7-0 

0*2 

67 

67'o 

2*3 

127 

126*9 

4*4 

187 

186-9 

6*5 

247 

246-8 

8*6 

8 

8-0 

0-3 

68 

68'o 

2'4 

128 

127*9 

4*5 

188 

1879 

6-6 

248 

247-8 

8*7 

9 

9-0 

0-3 

69 

69'o 

*'4 

129 

128*9 

45 

189 

188*9 

6-6 

249 

248-8 

8-7 

10 

lO'O 

0-3 

70 

70*0 

a'4 

130, 

1299 

45 

190 

189-9 

6*6 

250 

249-8 

8-7 

11 

Il'O 

0-4 

71 

7i'o 

as 

181 

130*9 

4-6 

191 

190*9 

6*7 

261 

250*8 

8*8 

12 

la'o 

04 

72 

72'0 

a-S 

132 

131-9 

4-6 

192 

191-9 

6*7 

252 

251-8 

8*8 

13 

13*0 

0-5 

73 

73-0 

a'S 

133 

132*9 

4-6 

193 

192-9 

6-7 

253 

252*8 

8-8 

14 

14*0 

0-5 

74 

74'o 

2*6 

134 

133*9 

4*7 

194 

'939 

6*8 

254 

253*8 

8.9 

15 

15-0 

0-5 

75 

7S*o 

2*6 

135 

134*9 

4*7 

195 

194-9 

6-8 

265 

2548 

8*9 

16 

i6-o 

06 

76 

76'o 

2*7 

136 

'35*9 

4-7 

196 

195-9 

6-8 

256 

255*8 

8-9 

17 

17*0 

0-6 

77 

77'o 

2'7 

137 

136*9 

4'8 

197 

196-9 

6*9 

257 

256*8 

9-0 

18 

18  > 

o*6 

78 

78-0 

2'7 

188 

137*9 

4-8 

198 

>97*9 

6*9 

268 

257-8 

9*0 

19 

19*0 

07 

79 

79-0 

2'8 

139 

138*9 

4*9 

199 

198*9 

6*9 

259 

258*8 

9*0 

20 

io"0 

o'7 

80 

8o'o 

2*8 

140 

n9*9 

4-9 

200 

199-9 

7'o 

260 

259-8 

91 

21 

21*0 

07 

81 

Si'o 

2'8 

141 

140*9 

4*9 

201 

200*9 

7*o 

261 

260-8 

9' I 

22 

22'0 

o'8 

82 

82*0 

2'9 

142 

141-9 

5*0 

202 

20 1*9 

70 

262 

261*8 

9-1 

23 

23*0 

0-8 

83 

82-9 

2*9 

148 

142-9* 

5*0 

203 

202*9 

7*1 

263 

262-8 

9*a 

24 

24*0 

0-8 

84 

839 

2*9 

144 

H3-9 

50 

204 

203*9 

7-1 

264 

263*8 

9*2 

26 

25-0 

09 

85 

849 

3*0 

145 

1449 

51 

206 

2049 

7-2 

265 

264-8 

9*2 

26 

26*0 

o'9 

86 

859 

30 

146 

»4S'9 

51 

206 

205*9 

7'2 

266 

265-8 

9*3 

27 

27*0 

0*9 

87 

86'9 

3'o 

147 

146*9 

5*1 

207 

206*9 

7-2 

267 

266*8 

9*3 

28 

28'0 

I'O 

88 

879 

31 

148 

H7-9 

5-a 

208 

207-9 

7*3 

268 

267-8 

9*4 

29 

29*0 

I'O 

89 

889 

3*1 

149 

148*9 

5a 

209 

208*9 

7*3 

269 

268-8 

9*4 

30 

30*0 

I'O 

90 

899 

31 

150 

149-9 

5-2 

210 

209*9 

7*3 

270 

269*8 

9*4 

31 

31-0 

I'l 

91 

90-9 

3*2 

J51 

150*9 

5*3 

211 

210*9 

7"4 

271 

270-8 

9' 5 

32 

32-0 

I'l 

92 

91-9 

3*2 

152 

151*9 

5*3 

212 

211-9 

7*4 

272 

271-8 

9*5 

33 

33-0 

1*2 

93 

929 

3» 

153 

»5a'9 

5*3 

213 

212*9 

7*4 

273 

272*8 

9"  5 

34 

34-0 

1*2 

94 

93*9 

33 

164 

153*9 

5*4 

214 

213*9 

7*5 

274 

273*8 

9*6 

3ft 

3S-0 

I '2 

95 

94-9 

3*3 

155 

154-9 

5*4 

215 

214-9 

7*5 

276 

274*8 

9-6 

36 

36-0 

1*3 

96 

95-9 

3  4 

156 

»S5*9 

5*4 

216 

215*9 

7*5 

276 

275-8 

9-6 

87 

37*0 

i'3 

97 

969 

3*4 

167 

156-9 

5*5 

217 

2i6'9 

7-6 

277 

276*8 

9'7 

38 

38*0 

1*3 

98 

97.9 

3*4 

168 

157*9 

55 

218 

217*9 

7*6 

278 

277-8 

9*7 

39 

390 

I '4 

99 

98-9 

35 

159 

158*9 

5*5 

219 

218*9 

7*6 

279 

278-8 

9*7 

40 

40*0 

1*4 

100 

99*9 

3-5 

160 

159-9 

5*6 

220 

219-9 

7*7 

280 

279-8 

9-8 

41 

41*0 

1*4 

101 

100*9 

3'5 

161 

160 '9 

5-6 

221 

220*9 

7*7 

281 

280*8 

9*8 

42 

42*0 

1*5 

102 

101*9 

3-6 

162 

i6i'9 

5*7 

222 

221*9 

7*7 

282 

281-8 

9*8 

43 

43 -o 

1*5 

103 

102*9 

3-6 

163 

162-9 

5*7 

223 

222-9 

7*8 

283 

282-8 

9*9 

44 

44.0 

i'5 

104 

103*9 

3-6 

164 

163*9 

5*7 

224 

223*9 

7-8 

284 

283*8 

9*9 

45 

450 

1-6 

105 

1049 

3-7 

165 

164-9 

5-8 

225 

2249 

7*9 

286 

284*8 

9*9 

46 

46*0 

i'6 

106 

105*9 

3*7 

166 

165-9 

5*8 

226 

225*9 

7*9 

286 

285-8 

lo-o 

47 

47'o 

1-6 

107 

106*9 

37 

167 

166*9 

5-8 

227 

226-9 

7*9 

287 

286-8 

10-0 

48 

48  0 

i'7 

108 

107*9 

3-8 

168 

1679 

5*9 

228 

227*9 

8-0 

286 

287-8 

lo-i 

49 

49«o 

1-7 

109 

io8'9 

3-8 

169 

1689 

5*9 

229 

228*9 

80 

289 

288*8 

io*i 

50 

50-0 

1*7 

110 

109«9 

3-8 

170 

169*9 

5*9 

230 

2299 

8*o 

290 

289-8 

10*1 

61 

51*0 

1-8 

111 

iiO'9 

3*9 

171 

170*9 

6-0 

231 

230-9 

81 

291 

290-8 

10-2 

52 

52*0 

1-8 

112 

111*9 

3.9 

172 

171*9 

6'o 

232 

23i'9 

81 

292 

291-8 

IO*» 

53 

53-0 

1-8 

113 

II2'9 

3.9 

173 

172-9 

6-0 

233 

2329 

8-1 

293 

292-8 

]0*2 

54 

S4-0 

1-9 

114 

113-9 

4-0 

174 

173*9 

61 

234 

*33*9 

8-2 

294 

293-8 

10*3 

55 

55-0 

1*9 

115 

114*9 

4*o 

175 

174*9 

6-1 

236 

a34*9 

8*2 

296 

294-8 

10-3 

56 

56*0 

2'0 

116 

115*9 

4*o 

176 

«75-9 

6*1 

236 

235*9 

8-2 

296 

2958 

10*3 

57 

57-0 

2'0 

117 

ii6*9 

41 

177 

176*9 

6*2 

237 

236*9 

8*3 

297 

296*8 

io*4 

68 

58*0 

2-D 

118 

ii7'9 

4-1 

178 

177-9 

6*2 

238 

237*9 

8*3 

298 

297*8 

10-4 

50 

59-0 

2*1 

119 

ii8'9 

4-2 

179 

1789 

6-2 

239 

2389 

8-3 

299 

298*8 

10*4 

60 

6o*o 

2' I 

120 

119*9 

4*2 

180 

179-9 

6-3 

240 

*39-9 

8*4 

300 

299-8 

10*5 

Di0L 

Dep. 

D.Ut 

Dist 

Dep. 

D.Uf 

DUl 

Dep. 

D.Lut 

DUt. 

Dep. 

D.Ut. 

DittL 

Dep. 

D.Ut. 

L 

8k 

i° 

5^ 

SS" 
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TRAVERSE  TABLE  TO  DEGREES                                             1 

3° 

o»»  12™   1 

Dist 

D.T.atj  Dep. 

r)i8t. 

D.  Ut. 

Dep. 

Dist 

D.  Lat 

Dep. 

Dist 
181 

.  D.  Lat. 

Dep. 

Dist 

.  D.  Lut 

.   Dep. 

1 

I'D 

O'l 

61 

6o'9 

3"a 

121 

120-8 

6*3 

i8o*8 

9*5 

241 

240-7 

12*6 

2 

2*0 

o-i 

62 

61*9 

3*2 

122 

121*8 

6*4 

U\2 

181-8 

9*5 

242 

241-7 

12*7 

8 

J'O 

©•2 

6*3 

62*9 

3*3 

123 

122*8 

6*4 

183 

182-7 

9-6 

243 

242*7 

12-7 

4 

40 

0*2 

64 

639 

3*3 

124 

1238 

6-5 

184 

183*7 

9-6 

244 

243-7 

12*8 

6 

S'o 

0-3 

65 

64-9 

3*4 

125 

124-8 

6*5 

186 

184-7 

9*7 

245 

244*7 

12-8 

6 

6-0 

0-3 

66 

659 

3-5 

126 

125-8 

6*6 

186 

185*7 

9*7 

246 

245-7 

12-9 

7 

7-0 

0-4 

67 

66-9 

35 

127 

1268 

6-6 

187 

186-7 

9-8 

247 

246*7 

12-9 

8 

80 

0-4 

68 

67-9 

3-6 

128 

127-8 

6*7 

188 

187-7 

9-8 

248 

247*7 

13-0 

9 

90 

0-5 

69 

68*9 

3-6 

129 

128-8 

6-8 

189 

188-7 

9*9 

249 

248-7 

13-0 

10 

10"0 

0-5 

70 

69-9 

3*7 

130 

129-8 

6-8 

190 

189*7 

9*9 

250 

249-7 

13-1 

11 

Il'O 

0-6 

71 

70-9 

3'7 

131 

130-8 

6*9 

191 

190*7 

lO'O 

251 

250-7 

13-1 

12 

12-0 

06 

72 

71-9 

3-8 

132 

131-8 

6*9 

192 

191*7 

lO'O 

252 

251*7 

13-2 

18 

130 

0-7 

73 

72*9 

3-8 

133 

132-8 

7-0 

193 

192-7 

10' 1 

253 

252-7 

13-2 

14 

14-0 

0*7 

74 

73*9 

3*9 

134 

133-8 

7-0 

194 

193*7 

10*2 

264 

253-7 

13*3 

15 

15-0 

08 

75 

74*9 

3'9 

135 

1348 

7*1 

195 

194*7 

IO'2 

255 

254-7 

133 

16 

i6'o 

0-8 

76 

75*9 

4-0 

136 

135-8 

7*1 

196 

195*7 

10-3 

256 

255*6 

13*4 

17 

17*0 

09 

77 

76-9 

4-0 

137 

136-8 

7-2 

197 

196*7 

io*3 

257 

256-6 

135 

18 

iS-o 

c-9 

78 

77*9 

41 

138 

137*8 

7-2 

198 

197-7 

10*4 

258 

257-6 

13*5 

19 

19*0 

i-o 

79 

78*9 

4*1 

139 

1388 

7*3 

199 

198*7 

10*4 

259 

258-6 

13*6 

20 

20*0 

i*o 

80 

79.9 

4-2 

140 

139-8 

7*3 

200 

199*7 

10*5 

260 

259-6 

13*6 

21 

2X*0 

IM 

81 

80' 9 

4-2 

141 

140*8 

7*4 

201 

200*7 

io*5 

261 

260*6 

13*7 

22 

22*0 

I'l 

82 

81-9 

4*3 

142 

141*8 

7*4 

202 

201*7 

10*6 

262 

261-6 

13*7 

23 

23*0 

I'2 

83 

82*9 

4*3 

143 

142*8 

7*5 

203 

202*7 

10*6 

263    262-6 

13*8 

24 

24*0 

1*2 

84 

839 

4*4 

144 

143*8 

7*5 

204 

203*7 

io*7 

264    263-6 

13*8 

25 

250 

i'3 

85 

84-9 

4*4 

145 

144.8 

7*6 

205 

204*7 

io*7 

265    264-6 

13*9 

28 

46-0 

1*4 

86 

85-9 

4*5 

146 

145*8 

.7*6 

206 

205*7 

10*8 

266 

265*6 

13-9 

27 

2.7-0 

I '4 

87 

86*9 

4-6 

147 

146-8 

7*7 

207 

206-7 

10*8 

267 

266-6 

14*0 

28 

280 

1*5 

n 

87*9 

4*6 

148 

147-8 

7*7 

208 

207*7 

10*9 

268 

267*6 

14*0 

29 

a9*o 

«'5 

89 

88*9 

4'7 

149 

148*8 

7-8 

209 

208-7 

io'9 

269 

268*6 

14*1 

SO 

30-0 

1-6 

90 

89-9 

4*7 

150 

149*8 

7*9 

210 

209*7 

11*0 

270 

269*6 

14*1 

31 

31*0 

1-6 

91 

909 

4-8 

151 

150-8 

7*9 

211 

210*7 

11-0 

271 

270*6 

14*2 

32 

32*0 

1-7 

9-2 

919 

4-8 

152 

151-8 

8*0 

212 

211*7 

11*1 

272 

271*6 

14-2 

33 

330 

i'7 

93 

92-9 

4*9 

153 

152-8 

8-0 

213 

212*7 

11*1 

273 

272*6 

14*3 

34 

34'o 

1-8 

94 

93'9 

4*9 

154 

153*8 

8*1 

214 

213*7 

11*2 

274 

273-6 

143 

35 

35-0 

1-8 

95 

94*9 

5-0 

155 

154-8 

8*1 

215 

214*7 

11-3 

275 

274-6 

14*4 

36 

36*0 

1*9 

96 

95*9 

5'o 

156 

155*8 

8*2 

216 

215*7 

11.3 

276 

275-6 

14*4 

37 

369 

1-9 

97 

96-^ 

5*1 

167 

156*8 

8*2 

217 

216*7 

11*4 

277 

276-6 

14*5 

38 

37-9 

2'0 

98 

97*9 

5*1 

158 

157*8 

8*3 

218 

217*7 

11*4 

278 

277-6 

14*5 

39 

38-9 

2'0 

99 

989 

5*1 

159 

158-8 

8*3 

219 

218-7 

11*5 

279 

278-6 

14-6 

40 

39.9 

2' I 

100 

99*9 

5*» 

160 

159*8 

8*4 

220 

219-7 

11*5 

280 

279*6 

14*7 

41 

40*9 

2*1 

101 

100-9 

53 

161 

160-8 

8*4 

221 

220*7 

11*6 

281 

280-6 

14*7 

42 

419 

2*2 

102 

ioi*9 

5*3 

162 

161-8 

8*5 

222 

221*7 

11*6 

282 

281*6 

14-8 

43 

4»'9 

2-3 

103 

I02'9 

5*4 

163 

162*8 

8*5 

223 

222*7 

11*7 

283 

282*6 

14*8 

44 

43*9 

2-3 

104 

103-9 

5'4 

164 

163*8 

8*6 

224 

223*7 

11*7 

284 

283*6 

14*9 

45 

44'9 

»*4 

105 

104-9 

5*5 

165 

164*8 

8*6 

225 

224-7 

11-8 

285 

284*6 

14*9 

48 

45"9 

2-4 

106 

105-9 

5*5 

166 

165*8 

8*7 

226 

225*7 

11*8 

286 

285-6 

15*0 

47 

46-9 

2-5 

107 

106-9 

5*6 

167 

166-8 

8*7 

227 

226*7 

11*9 

287 

286*6 

15*0 

48 

47*9 

a' 5 

108 

107-9 

5'7 

168 

167*8 

8-8 

228 

227-7 

11*9 

288 

287*6 

151 

49 

48-9 

2*6 

109 

xo8'9 

5*7 

169 

168*8 

8-8 

229 

228*7 

12*0 

289 

288*6 

15*1 

50 

49*9 

2.6 

110 

109*9 

5-8 
5*8 

170 

169*8 

8*9 

230 

229*7 

12*0 

290 

289-6 

15-2 

51 

50-9 

2-7 

111 

izo'8 

171 

170-8 

8*9 

231 

230*7 

12*1 

291 

290-6 

15*2 

5? 

51-9 

2*7 

112 

111-8 

5*9 

172 

171-8 

9-0 

232 

231-7 

12*1 

292 

291*6 

15*3 

53 

5*9 

2-8 

113 

112-8 

5*9 

173 

172*8 

9*1 

233 

232-7 

12*2 

293 

292-6 

15*3 

54 

53*9 

%*i 

114 

113-8 

60 

174 

173*8 

9*1 

234 

'*33*7 

12*2 

294 

293*6 

15*4 

55 

54*9 

29 

115 

114*8 

6-0 

175 

174*8 

92 

235 

234*7 

12*3 

2.')5 

294-6 

15*4 

56 

55-9 

2-9 

116 

115-8 

61 

176 

175*8 

9*2 

236 

235*7 

12*4 

296 

295*6 

15*5 

57 

56-9 

30 

117 

ii6-8 

6*1 

177 

176*8 

9*3 

237 

236*7 

12*4 

297 

296*6 

15*5 

58 

57'9 

3-0 

118 

117*8 

6-2 

178 

177*8 

9*3 

23;j 

237*7 

12*5 

298 

297-6 

15*6 

59 

589 

3*> 

119 

ii8-8 

6*2 

179 

178*8 

9-4 

-239 

238*7 

12*5 

299 

298*6 

15-6 

60 

59*9 

3'> 

120 

119-8 

6*3 

180 

179*8 

9*4 

240 

239*7 

12-6 

300 

299*6 

15*7 

Di»t 

Dep. 

D.Lat 

luist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.  Lat 

Dist 

Dep, 

D.Lat. 

Dist. 

Dep. 

D.Lat. 
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4^ 

> 

0*  16«    1 

Oiat. 

D.Lai 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist  D.  Lat. 

Dep. 

bist  D.Lat 

Dep. 

Diet 

.  D.  Lat. 

Dep. 

1 

i-o 

o*i 

61 

6o*9 

4*3 

121 

120*7 

8*4 

181 

i8o-6 

12*6 

241 

240*4 

16*8 

2 

2'0 

O'l 

62 

6i*8 

4*3 

122 

121*7 

8-5 

182 

i8i-6 

12*7 

242 

241*4 

16-9 

3 

3-0 

0'2 

63 

62-8 

44 

123 

122*7 

8*6 

183 

182*6 

12*8 

243 

242-4 

17-0 

4 

4-0 

o»3 

64 

638 

4*5 

124 

123*7 

8*6 

184 

183*6 

12*8 

244 

»43*4 

17*0 

6 

50 

0*3 

65 

64-8 

^1 

125 

124*7 

8-7 

185 

184-5 

12*9 

245 

a44-4 

17*1 

A 

6'o 

04 

66 

65*8 

4*6 

126 

"5-7 

8*8 

186 

1855 

13-0 

246 

245*4 

17-2 

7 

7-0 

0-5 

67 

66*8 

4*7 

127 

126-7 

8-9 

187 

186*5 

13*0 

247 

246*4 

17-2 

8 

8-0 

0*6 

68 

67*8 

4*7 

128 

127*7 

8-9 

188 

187*5 

13*1 

248 

247-4 

17-3 

9 

9-0 

06 

69 

68*8 

4-8 

129 

128*7 

9-0 

189 

188*5 

13*2 

249 

248*4 

17*4 

10 

lo-o 

07 

70 

69*8 

4*9 

130 

129-7 

9*1 

190 

189*5 

133 

250 

249*4 

17*4 

11 

ii-o 

0-8 

71 

70*8 

5*o 

131 

130*7 

9*1 

191 

190*5 

13-3 

251 

250*4 

17-5 

12 

I2*0 

0-8 

72 

718 

5*o 

132 

131*7 

9*2 

192 

191*5 

13-4 

252 

2514 

17-6 

13 

13*0 

09 

73 

72*8 

5-> 

133 

132*7 

93 

193 

1925 

135 

258 

252*4 

17-6 

14 

14*0 

I'O 

74 

73*8 

5» 

134 

"33*7 

9.3 

194 

193*5 

13*5 

254 

a^3*4 

17*7 

U 

15*0 

i*o 

75 

74*8 

5-2 

135 

134*7 

9*4 

195 

194*5 

13-6 

255 

»H*4 

17-8 

16 

i6*o 

1*1 

76 

75-8 

5*3 

136 

135*7 

9*5 

196 

195-5 

13*7 

256 

*55*4 

17-9 

17 

lyo 

1*2 

77 

76*8 

5*4 

137 

136-7 

9-6 

197 

196*5 

13*7 

257 

256*4 

17*9 

18 

i8'o 

>'3 

78 

77*8 

5*4 

138 

137*7 

9*6 

198 

197*5 

13*8 

258 

257-4 

18*0 

19 

19*0 

>-3 

79 

78*8 

5*5 

139 

138-7 

9*7 

199 

198*5 

13*9 

259 

258-4 

181 

20 

20*0 

14 

80 

79*8 

5-6 

140 

139*7 

9*8 

200 

199-5 

14*0 

260 

a59*4 

18*1 

21 

20*9 

»*5 

81 

808 

5*7 

141 

140-7 

9-8 

201 

200*5 

14-0 

261 

260-4 

l8*2 

22 

21*9 

>*5 

82 

8i*8 

5*7 

142 

141-7 

9.9 

202 

201*5 

14-1 

262 

261*4 

18.3 

23 

22*9 

1-6 

83 

82*8 

5-8 

148 

142-7 

10-0 

203 

202-5 

14*2 

263 

262*4 

183 

24 

23-9 

1*7 

84 

83-8 

5*9 

144 

143-6 

10*0 

204 

203*5 

14*2 

264 

263-4 

18*4 

25 

24-9 

1-7 

85 

848 

5*9 

145 

,446 

lo-i 

205 

204*5 

14*3 

266 

264-4 

.8-5 

26 

25-9 

1-8 

86 

85*8 

6'o 

146 

145-6 

10-2 

206 

205-5 

14*4 

266 

265-4 

i8-6 

27 

26-9 

19 

87 

86*8 

61 

147 

146-6 

io*3 

207 

206-5 

«4*4 

267 

266*3 

18-6 

28 

27-9 

2"0 

88 

878 

6*1 

148 

147-6 

10-3 

208 

207*5 

14*5 

268 

267*3 

18*7 

29 

28-9 

2*0 

89 

88-8 

6*2 

149 

148 -6 

io*4 

209 

208-5 

14-6 

269 

268-3 

18*8 

30 

29-9 

2"I 

90 

89*8 

6*3 

150 

149*6 

io*5 

210 

209*5 

14*6 

270 

2693 

i8*8 

31 

30-9 

2*2 

91 

90*8 

6*3 

151 

150-6 

10-5 

211 

210-5 

14-7 

271 

270-3 

18*9 

32 

31-9 

2*2 

92 

91*8 

6-4 

152 

151-6 

10*6 

212 

211*5 

14-8 

272 

271*3 

19*0 

33 

329 

2-3 

93 

92*8 

!l 

153 

152*6 

io*7 

213 

212*5 

14-9 

273 

272-3 

19*0 

34 

33.9 

»'4 

94 

93*8 

6e 

154 

153-6 

10-7 

214 

213*5 

14*9 

274 

273*3 

19-1 

35 

34'9 

»'4 

95 

94-8 

6*6 

155 

154-6 

10*8 

215 

214*5 

15-0 

275 

274*3 

19*2 

36 

35*9 

a-5 

96 

95*8 

6-7 

156 

155-6 

10*9 

216 

2155 

15*1 

276 

275-3 

19*2 

37 

36-9 

2-6 

97 

96*8 

6*8 

167 

156-6 

11*0 

217 

216-5 

151 

277 

276*3 

19*3 

38 

37*9 

2-7 

98 

97-8 

6*8 

158 

157*6 

11*0 

218 

217*5 

15*2 

278 

277-3 

194 

39 

38-9 

2-7 

99 

98-8 

6*9 

159 

1586 

11*1 

219 

218*5 

15-3 

279 

278*3 

19*5 

40 
41 

399 

2-8 

100 

99*8 

7*o 

160 

159-6 

11*2 

220 

219*5 

15*3 

280 

279-3 

19*5 

40-9 

2-9 

101 

zoo'8 

7*o 

161 

160-6 

11-2 

221 

220*5 

15*4 

281 

280*3 

19*6 

42 

41-9 

2*9 

102 

101*8 

7*1 

162 

i6i-6 

11-3 

222 

221*5 

15*5 

282 

281-3 

19*7 

43 

42-9 

3'o 

103 

102*7 

7-2 

163 

162*6 

11*4 

223 

222*5 

15-6 

283 

282-3 

19*7 

44 

43'9 

3*1 

104 

103*7 

7*3 

164 

163*6 

1 1-4 

224 

223-5 

15*6 

284 

283-3 

19-8 

45 

44*9 

31 

105 

104*7 

7*3 

165 

164*6 

11*5 

225 

224-5 

15-7 

285 

284-3 

19*9 

46 

459 

3-a 

106 

105*7 

7'4 

166 

165-6 

11*6 

226 

225*4 

15*8 

286 

285-3 

20*0 

47 

469 

3-3 

107 

io6*7 

7-5 

167 

166-6 

11*6 

227 

226*4 

15*8 

287 

286-3 

20*0 

48 

47-9 

3*3 

108 

107*7 

7-5 

168 

167*6 

11*7 

228 

227*4 

15*9 

288 

287*3 

20-1 

49 

489 

3*4 

109 

108-7 

7-6 

169 

i68*6 

11-8 

229 

228*4 

16-0 

289 

288*3 

20*2 

50 

49*9 

3-5 

110 

109-7 

7*7 

170 

169*6 

11-9 

230 

229*4 

i6-o 

290 
291 

289*3 

20*2 

51 

50-9 

3-6 

111 

iio*7 

7*7 

171 

170*6 

11-9 

231 

230-4 

i6*i 

290-3 

»o*3 

52 

51-9 

3-6 

112 

111*7 

7-8 

172 

171*6 

I2*0 

232 

231*4 

16*2 

292 

291-3 

20'4 

53 

52-9 

3-7 

113 

112*7 

Z*9 

17s 

172-6 

12*1 

233 

232*4 

16*3 

293 

2923 

20*4 

54 

53'9 

3-8 

114 

113*7 

8-0 

174 

173*6 

12*1 

234 

a33'4 

16*3 

294 

»93*3 

20' 5 

55 

549 

3-8 

115 

114*7 

8*o 

176 

174-6 

12-2 

235 

»34*4 

16*4 

295 

294-3 

20-6 

56 

55*9 

3*9 

116 

115*7 

8*1 

176 

1756 

12-3 

236 

*35*4 

i6*5 

296 

295*3 

20-6 

57 

56-9 

4*o 

117 

116*7 

8*2 

177 

176*6 

12*3 

237 

»36-4 

16-5 

297 

296-3 

20-7 

58 

57*9 

4-0 

118 

117*7 

8-2 

178 

177-6 

12*4 

238 

237-4 

i6-6 

298 

297*3 

20-8 

59 

58-9 

4-1 

119 

ii8*7 

8-3 

179 

178*6 

12*5 

239 

2384 

i6*7 

299 

2983 

20*9 

60 

59-9 

4** 

120 

119*7 

8-4 

lao 

179*6 

12*6 

240 

239-4 

167 

300 

299*3 

20-9 

Di0t 

Dep. 

D.Lat 

Diat 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

DUt 

Dep. 

D.  Lat. 

Dist 

Dep. 

D.Lat. 

. 
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6« 


0*>20» 


DistJD.Lail  D«p. 


1 

1-0 

2 

2-0 

3 

3-0 

4 

4-0 

5 

5'o 

6 

6o 

7 

7-0 

8 

«-o 

9 

90 

10 

lO'O 

II 

12 
13 
14 
15 
16 

17 
18 
19 
20 


21 
22 
23 
24 
25 
2« 

27 
28 
29 

ao 


31 
32 
33 
34 
35 
3G 

37 
38 
39 
4» 


II' 

12' 
13 

»5 
16 

»9 


20 

21' 
22' 
23 

27' 

28' 
29 


3-''9 
3'*9 
3»*9 
33*9 
34'9 

35*9 
369 
37.9 

389 
398 


O'l 

o*3 
03 

o'4 

o*5 
0-6 

o'7 

0-8 

o*9 


•o 
•o 
•I 
•2 

•3 

•4 

•5 
•6 

'7 
•7 


8 
'9 

2*0 
2' I 
2*2 
23 

2-4 
2-4 

»'5 
2-6 


a*7 

2*8 
2'9 

•o 
•I 
•I 

•2 

*3 
•4 

•5 


•6 

•7 

•7 
•8 

•9 
40 

41 
42 

4-3 

4'4 


Dttt^  Dep. 

' 


4"4 
4-5 
4-6 

4*7 
4-8 

49 
50 

5-' 

51 
52 


Dist. 


61 
«2 
03 
64 
65 
66 

67 
68 
6» 
70 


D.  Lat. 


71 
72 
73 

74 
75 
76 
77 
78 
79 
80 


8) 
82 
83 
84 
85 
86 

87 
88 
89 
90 


D.Lat 


91 
92 
93 
94 
95 
96 

97 
98 
99 
00 


01 
02 
03 
04 
05 
06 

07 
08 
09 
10 


608 
6i*8 
62*8 
638 
64-8 
65-7 
66'7 

67*7 
68-7 
69-7 


Dep. 


11 
12 
13 
14 
15 
16 

17 
18 
19 
20 


70-7 
717 
727 

73*7 

74*7 

75*7 
767 

77'7 
787 
797 


807 
817 
827 
837 

84-7 
857 
867 

877 
887 

897 


907 
91*6 
92*6 
93-6 
94-6 
956 
96*6 
97.6 
98-6 
996 


100*6 
101*6 

X02*6 

103-6 
i04'6 
io5'6 
io6>6 
107-6 
io8-6 
109*6 


ixo-6 
II1-6 
112*6 
113-6 
114-6 
115*6 
1166 
117*6 
X18-5 
119-5 


5*3 
5-4 

5'5 
5-6 

5-7 

5*8 

5*« 

5'9 
60 

6*1 


6-2 
6-3 
6-4 

64 
6-5 
6-6 

67 

6*8 
6*9 

7-0 


7'i 
7*1 

7*2 

7-3 

7-4 

7-5 
7-6 

7*7 
7-8 
7-8 


7.9 

8-0 

8*1 

8-2 

8-3 
8-4 

8-5 

8-5 
8-6 

87 


8-8 
8-9 
9*0 

91 
9-2 

9-2 

93 

9*4 

9*5 
9*6 


Dist 


Dvp. 


9*7 

9-8 
9-8 
9.9 

XO'O 

10- 1 

XO*2 

10*3 
•0-4 
10-5 


D.Lai 


Dist  D.  LaL 


21 
22 
23 
24 
25 
26 

27 

28 
29 
30 


31 
32 
33 
34 
35 
36 

37 

38 
39 
40 


41 
42 
43 
44 
45 
46 

47 
48 
49 
50 


51 
52 
53 
54 
55 
56 

57 
58 

59 
60 


61 
62 
63 
64 
65 
66 

67 
68 
69 
70 


71 
72 
73 
74 
76 
76 
77 
78 
79 
80 


Dist 


20* 

21- 
22- 
13. 

24- 
25- 

26- 

27. 

28- 
29- 


30- 

31' 
32- 

33' 

34* 

35- 
36- 

37" 
38- 
39* 


40- 

4"' 

42- 

43* 

44-4 

45'4 
46-4 

47*4 
48-4 

49*4 


504 

5''4 
52*4 

53*4 

54-4 

55*4 
564 

57*4 
58-4 

59*4 


60*4 
6x*4 
62*4 
63*4 
64*4 
65-4 
66-4 
67*4 
68*4 
69-4 


70-3 
71-3 

7a'3 

73'3 

74' 3 

75'3 
76*3 

77.3 

78*3 

79*3 


Dep. 


Dep. 


o'6 
o*7 
o*8 
o*9 
x-o 
x-i 

1*2 
1-2 

1*3 


1*4 

1*5 
1*6 

1*7 
1-8 

'•9 
1*9 

2*0 

2*1 

2*2 


a'3 
2-4 

2-5 

2-6 

2-6 

2*7 

2-8 

2*9 

3-0 

31 


3.2 
3-2 

3*3 

3*4 

35 
3-6 

3*7 
3-8 

3*9 
3*9 


4-0 

4*» 

4-2 

4*3 

4*4 

4*5 
4-6 

4*6 

4*7 
4*8 


•9 
•o 

-I 

•2 

•3 

•3 

•4 

•5 
•6 

•7 


Dist.  D.  Lat. 


81 
82 
83 
84 
85 
86 

87 
88 
89 
90 


91 
92 
93 
94 
95 
96 

97 

98 

99 

200 


201 
202 
203 
204 
205 
206 

207 
208 
209 
210 


211 
212 
213 
214 
215 
216 
217 
218 
219 
220 


221 
222 
223 
224 
225 
226 
227 
228 
229 
230 


231 
232 
233 
234 
235 
236 
237 
238 
239 
240 


80-3 
81-3 
82-3 

83*3 

84-3 

85*3 
863 

87-3 
88*3 

893 


90-3 

91-3 
923 

93'3 

943 

95*3 
96-3 

97-2 

98-2 

99-2 


200«2 
20 1 '2 
202*2 
203*2 
204-2 
205*2 
206*2 
207-2 
208*2 
209*2 


Dep. 


2IO'2 
211*2 
212*2 
213*2 
214*2 
215*2 
2j6*2 
217*2 
218*2 
219*2 


220'2 
221*2 
222*2 
223*1 
224*1 
225-1 
226-1 
227*1 
228*1 
229*1 


D.  LatlDist. 


230*1 
231*1 
232*1 
233*1 

»34'i 
235*1 

236*1 

237*1 

238*1 

239*1 


5-8 
5*9 

6-0 
6*1 
6*2 
6*3 
6*4 

6-5 
6*6 


6-6 
6-7 
6*8 
6*9 

*o 
•I 

•2 

•3 
•3 
•4 


•5 
6 

•7 
•8 

•9 

80 

80 
8*1 
8-2 

8-3 


8-4 

8-5 
8-6 

8-7 
8-7 
8-8 
8*9 
9*0 
9*1 
9*2 


9*3 
9*3 
9'4 

9*6 

9*7 
9-8 
9.9 

20-0 

20*0 


Dep. 


20*1 
20*2 
20-3 
20*4 
20-5 

20*6 
20*7 

20*7 
20*8 
20*9 


D.  Lat. 


Dist 


241 
242 
243 
244 
246 
246 
247 
248 
249 
250 


251 
252 
253 
254 
255 
256 
257 
258 
259 
260 


261 
262 
263 
264 
265 
266 
267 
268 
269 
270 


271 
272 
273 
274 
275 
276 

277 
278 

279 
280 


281 
282 
283 
284 
285 
286 
287 
288 
2Q9 
290 


291 
292 
293 
294 
295 
296 

297 
298 
299 
300 


D.  Lat 


Dep. 


240*1 
241-1 
242-1 
243*1 
244*1 
245*1 
246*1 
247*1 
248*1 
249*0 


250*0 
251*0 
252*0 
253*0 
254*0 
255*0 
256*0 
257*0 
258*0 
259*0 


260*0 
261*0 
262*0 
263*0 
264*0 
265*0 
266*0 
267*0 
268*0 
269*0 


270*0 
271*0 
272*0 
273-0 
274*0 
274-9 
275-9 
276-9 
277*9 
278*9 


279*9 
280*9 
281*9 
282*9 
283-9 
284*9 
285*9 
286*9 
287*9 
288-9 


289*9 
290*9 
291*9 
292*9 
293-9 
294*9 
295*9 
296*9 
297*9 
298*9 


Dist.   Dep. 


21*0 
21*1 
21*2 

21*3 

21*4 
21-4 

2I< 
2] 
21*7 
21*8 


1-6 


21*9 

22*0 

22*1 
22*1 
22*2 
22*3 
22*4 
22*5 
22-6 
22*7 


22*7 
22-8 
22*9 
23-0 
23'X 
23*2 

a3'3 
23*4 

a3'4 
23*5 


23*6 

13*7 
23*8 
239 
24*0 
24*1 
24-1 
24-2 

14*3 
24-4 


24-5 
24*6 

24*7 
24-8 
24*8 
249 
25-0 
251 
25*2 
25*3 


25*4 
25*4 

25*5 
25-6 

25-7 

25*8 

25*9 

26-0 

26*1 

26-1 


D.  Lat 


86* 


5M0 


m 
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TABLE  2 


TRAVERSE 

TABLE  TO  DEGREES 

e"" 

Oh  24m 

[hit 

O.Lat 

Dep. 

Dist. 

D.  Lat. 

Dep. 

Dial. 

D.Lat. 

Dep. 

Dist. 

D.Lat. 

Dep, 

DUt 

D.Lat. 

Dep. 

1 

1*0 

O'l 

61 

6o*7 

6-4 

121 

120*3 

12-6 

181 

180-0 

18-9 

241 

239*7 

25-2 

2 

2-0 

0'2 

62 

6i'7 

6-5 

122 

X21-3 

12-8 

182 

iSi'o 

19-0 

242 

240*7 

25*3 

3 

3-0 

0-3 

63 

62*7 

6*6 

123 

X22-3 

12-9 

183 

182*0 

19- 1 

243 

241*7 

*5*4 

4 

4-0 

0-4 

64 

63-6 

6-7 

124 

X23-3 

13*0 

184 

183-0 

19*2 

244 

242-7 

25-5 

5 

5-0 

0-5 

65 

646 

6-8 

125 

124-3 

i3'i 

186 

184*0 

19-3 

245 

243*7 

25-6 

6 

6-0 

06 

66 

65-6 

6*9 

126 

125-3 

13-2 

186 

185*0 

19-4 

246 

244*7 

25*7 

7 

7-0 

0-7 

67 

66*6 

7-0 

127 

X26-3 

13*3 

187 

186*0 

19*5 

247 

245-6 

25*8 

8 

8-0 

0-8 

68 

67-6 

7-» 

128 

127*3 

13*4 

188 

187-0 

19-7 

248 

246*6 

25*9 

9 

9'0 

o*9 

69 

68-6 

7-2 

129 

128-3 

13-5 

189 

188-0 

19*8 

-249 

247*6 

26*0 

10 

9-9, 

I'O 

70 

69*6 

7*3 

130 

129-3 

13-6 

190 

189*0 

19*9 

260 

248*6 

26*1 

11 

io'9 

1*1 

71 

70*6 

7*4 

131 

X30-3 

13*7 

191 

190*0 

20*0 

251 

249*6 

26*2 

1 

12 

11-9 

1*3 

72 

716 

7'5 

132 

n«*3 

13-8 

192 

190-9 

20*1 

252 

250*6 

26-3 

13 

I2'9 

x'4 

73 

72*6 

7*6 

133 

X32*3 

13-9 

193 

191*9 

20*2 

263 

251*6 

26*4 

14 

n'9 

»-s 

74 

73-6 

7*7 

134 

»33'3 

14-0 

194 

192*9 

20-3 

254 

252*6 

26-6 

15 

14*9 

1*6 

75 

74-6 

7-8 

135 

134*3 

14-1 

195 

»9.V9 

20-4 

255 

253*6 

26*7 

16 

«5-9 

1-7 

76 

75-6 

7*9 

136 

»35'3 

14-2 

196 

194-9 

20*5 

256 

254*6 

268 

17 

i6*9 

1-8 

77 

76-6 

8*o 

137 

136-2 

14*3 

197 

i95'9 

20-6 

267 

255*6 

26-9 

18 

17-9 

'•9 

78 

77-6 

8-2 

138 

137-2 

14-4 

198 

196*9 

20*7 

258 

256*6 

27*0 

19 

18-9 

2-0 

79 

78-6 

8-3 

139 

138-2 

H*5 

199 

X97-9 

20-8 

259 

257*6 

27*1 

20 

19-9 

2*1 

80 

79.6 

8-4 

140 

139-2 

14-6 

200 

198-9 

20-9 

•260 

258*6 

27*2 

1 
1 

21 

20-9 

2-2 

81 

8o-6 

8-5 

141 

140-2 

H*7 

201 

X99*9 

21*0 

261 

2596 

27*3 

22 

21*9 

2*3 

82 

8r6 

8-6 

142 

141-2 

14*8 

202 

200*9 

2X-X 

262 

260*6 

274 

1 

23 

22*9 

2-4 

83 

82-5 

8*7 

143 

142*2 

14*9 

203 

20X*9 

21*2 

263 

261*6 

27*5 

24 

23-9 

a-5 

84 

83-5 

8-8 

144 

143-2 

15*0 

204 

202*9 

21-3 

264 

262*6 

27-6 

25 

24-9 

2' 6 

85 

84-5 

8-9 

145 

144*2 

X5X 

206 

203-9 

21-4 

265 

263*5 

27*7 

26 

25-9 

2-7 

86 

85-5 

9-0 

146 

X45-2 

15-3 

206 

204-9 

21-5 

266 

264*5 

27*8 

27 

26*9 

2-8 

87 

86*5 

91 

147 

X46*2 

15*4 

207 

205-9 

21*6 

267 

265-5 

279 

28 

27-8 

2-9 

88 

87-5 

9-2 

148 

147-2 

15*5 

208 

206*9 

21-7 

268 

266*5 

28*0 

29 

28-8 

3-0 

89 

88-5 

9*3 

149 

148-2 

X5-6 

209 

207-9 

21-8 

269 

267*5 

28*1 

30 

29*8 

31 

90 

89-5 

9'4 

150 

149-2 

15*7 

210 

208-8 

22-0 

270 

268*  5     28*2 

31 

30-8 

3» 

91 

90-5 

9' 5 

151 

150*2 

X5-8 

211 

209-8 

22-1 

271 

269*5 

28*3 

32 

31-8 

3'3 

92 

91-5 

9-6 

152 

151-2 

15*9 

212 

210-8 

22*2 

272 

270-5 

28-4 

33 

32-8 

3't 

93 

92-5 

9*7 

153 

X52-2 

x6*o 

213 

211-8 

22*3 

273 

271-5 

28-5 

34 

33-« 

3-6 

94 

93*5 

9-8 

154 

153-2 

161 

214 

212*8 

22*4 

274 

272-5 

286 

35 

34-8 

3*7 

95 

94*5 

9*9 

155 

154-2 

16-2 

215 

213*8 

22*5 

275 

273*5 

28*7 

36 

35-8 

3-8 

96 

955 

lO'O 

166 

X551 

16-3 

216 

214*8 

22-6 

276 

274*5 

28-8 

37 

368 

3*9 

97 

96-5 

lO'X 

157 

X56-1 

16*4 

217 

2x5*8 

22-7 

277 

275*5 

29-0 

38 

37-8 

4-0 

98 

97*5 

10*2 

158 

157-1 

i6-5 

218 

2i6*8 

22-8 

278 

276*5 

29-1 

39 

38-8 

41 

99 

98-5 

xo-3 

159 

158-1 

i6-6 

219 

217-8 

22-9 

279 

277*5 

29*2 

40 

39-8 

4*  a 

100 

99*5 

IO-5 

160 

159*  I 

i6-7 

220 

218-8 

23*0 

280 

278*5 

29*3 

41 

40*8 

4*3 

101 

ioo*4 

IO-6 

161 

160*  X 

i6-8 

221 

219*8 

23-1 

281 

279*5 

29-4 

42 

41*8 

4*4 

102 

xoi*4 

IO-7 

162 

i6x-i 

16*9 

222 

220*8 

23-2 

282 

280-5 

29*5 

43 

42-8 

4*5 

103 

102 '4 

xo-8 

168 

162' X 

17-0 

223 

221-8 

23-3 

283 

281*4 

29*6 

44 

43-8 

4-6 

104 

1034 

xo*9 

164 

163-X 

17-1 

224 

222-8 

234 

284 

282*4 

29*7 

45 

44-8 

4*7 

105 

104-4 

XI'O 

165 

X64-1 

17*2 

225 

223-8 

23-5 

285 

283-4 

79*8 

46 

45*7 

4-8 

1U6 

io5'4 

xi-x 

166 

X65-X 

17*4 

226 

224-8 

23-6 

286 

284-4 

29*9 

47 

46-7 

4' 9 

107 

106*4 

11*2 

167 

x66-x 

17*5 

227 

225*8 

23*7 

287 

285-4 

30*0 

48 

47*7 

5-0 

108 

107-4 

II-3 

168 

167-1 

17*6 

228 

226*8 

23*8 

288 

286*4 

30*1 

49 

48-7 

5» 

109 

xo8*4 

xi*4 

169 

x68*x 

17-7 

229 

227*7 

23-9 

289 

287-4 

30-2 

1 

50 
51 

49*7 

5'2 

110 
111 

109-4 

xx*5 

170 

169-1 

17*8 

230 

228*7 

24*0 

290 

288-4 

30- 1 

1 

50-7 

S'3 

110*4 

ix-6 

171 

170-1 

17*9 

231 

229*7 

24-1 

291 

289-4 

30-4 

62 

51-7 

54 

112 

II1-4 

ix-7 

172 

17X-X 

18-0 

232 

230*7 

24-3 

292 

290-4 

30-5 

53 

52-7 

5*5 

113 

1x2*4 

1x8 

173 

X72-1 

18- X 

233 

231-7 

24*4 

293 

291-4 

30-6 

54     S3'7 

5-6 

114 

XX  3*4 

xx*9 

174 

x73*o 

l8*2 

234 

232-7 

24«5 

294 

292*4 

30-7 

55     54-7 

57 

115 

114*4 

X2*0 

175 

174*0 

18-3 

235 

*33*7 

24*6 

295 

293-4 

30-8 

56 

55*7 

59 

116 

115*4 

12- X 

176 

175*0 

x8-4 

236 

a34-7 

24*7 

296 

294*4 

30-9 

67 

56-7 

O'O 

117 

XX6.4 

X2-2 

177 

176-0 

i8*5 

237 

235«7 

24-8 

297 

295*4 

31*0 

58 

57-7 

61 

118 

117-4 

12-3 

178 

177-0 

18*6 

238 

236-7 

24*9 

298 

2964 

31-1 

59 

58-7 

6-2 

119 

X18-3 

12-4 

179 

178-0 

i8-7 

239 

237*7 

25-0 

299 

297-4 

31-3 

60 
Dist 

597 

6-3 

120 

1x9-3 

12-5 

180 

179-0 

x8-8 

240 

238-7 

25-1 

300 

298-4 

3»*4 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.  Lat. 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lftt 

6^ 

1° 

5^36« 

TABLE  2 
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TRAVERSE  TABLE  TO  DEGREES                                           1 

7°                                                  O*"  28™     1 

Disr. 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist 

D.  Lat. 

Dpp. 

Dis'. 

D.  Lat 

Dep. 

1 

i-o 

o-i 

61 

6o'5 

7'4 

121 

120*1 

H*7 

181 

179*7 

22-1 

241 

2392 

29-4 

2 

2-0 

0«2 

62 

61s 

7-6 

122 

121*1 

14-9 

182 

i8o-6 

22*2 

242 

240-2 

29-5 

8  '    3'o 

0-4 

63 

62*5 

7*7 

123 

122*1 

15*0 

183 

i8i-6 

22-3 

243 

241-2 

29-6 

4 

4-0 

0-5 

64 

63-5 

7-8 

124 

123*1 

151 

184 

182*6 

22'4 

244 

242*2 

29-7 

5 

5-0 

0-6 

65 

64-5 

7*9 

125 

124*1 

15*2 

185 

183*6 

22*5 

245 

243 -2 

29-9 

6 

6-0 

0-7 

66 

65-5 

8-0 

126 

125*1 

15*4 

186 

184*6 

22*7 

-46 

244-2 

30-0 

7 

6-9 

o*9 

67 

66-5 

8*2 

127 

126*1 

15-5 

187 

1856 

22-8 

247 

245-2. 

30*1 

8 

7.9 

i-o 

66 

67-5 

8-3 

128 

127'0 

156 

188 

i86*6 

22*9 

248 

246-2 

30-2 

9 

8*9 

i"i 

69 

68-5 

8-4 

129 

128-0 

15*7 

189 

1876 

23-0 

249 

247-1 

3o«3 

10 

99 

1*2 

70 

69-5 

8*5 

130 

129-0 

15-8 

190 

i88-6  !  23-2  1 

250 

248-1 

30-5 

11 

io*9 

1-3 

71" 

70-5 

8-7 

131 

130*0 

16*0 

191 

1896 

a3*3 

251 

249-1 

30-6 

IS 

ii'9 

1-5 

72 

71-5 

8*8 

132 

131*0 

161 

192 

190*6 

»3-4. 

252 

250-1 

30-7 

13 

12-9 

1-6 

73 

72-5 

8*9 

133 

132*0 

l6*2 

193 

191-6 

a3-5 

253 

251*1 

30-8 

14 

13-9 

1-7 

74 

73-4 

9*o 

134 

133*0 

163 

194 

192*6 

23-6 

254 

252*1 

31*0 

15 

H'9 

1-8 

75 

74*4 

9» 

135 

134*0 

16.5 

195 

193-5 

23*8 

255 

253*1 

31*1 

19 

15-9 

1-9 

76 

75-4 

93 

136 

135*0 

i6*6 

196 

194-5 

239 

256 

254*1 

31*2 

17 

16*9 

2-1 

77 

76-4 

9-4 

137 

136-0 

i6*7 

197 

195*5 

24*0 

257 

255*1 

31*3 

18 

17-9 

2'2 

78 

77'4 

95 

138 

137-0 

168 

198 

196*5 

24*1 

258 

256-1 

31*4 

19 

18-9 

2*3 

79 

78-4 

9*6 

139 

1380 

i6*9 

199 

197-5 

»4-3 

259 

257-1 

31*6 

20 

199 

2-4 

80 

79'4 

9*7 

140 

139*0 

17*1 

200 

1985 

244 

2G0 

258-1 

31*7 

21 

20-8 

2-6 

81 

8o*4 

9*9 

141 

139*9 

17-2 

201 

199-5 

24*5 

261 

259-1 

31-8 

22 

2I»8 

2'7 

82 

8i-4 

io*o 

142 

140*9 

17*3 

202 

200-5 

24*6 

%'2 

260*0 

31-9 

23 

22*8 

2-8 

83 

82*4 

io*i 

143 

141*9 

17*4 

203 

201*5 

24*7 

263 

261-0 

32*1 

24 

13-8 

2*9 

84 

83-4 

IO*2 

144 

142*9 

17*5 

204 

202*5 

24*9 

264 

262-0 

32-2 

25 

248 

3'^ 

85 

84-4 

10*4 

146 

>43-9 

17-7 

205 

ao3-5 

25*0 

265 

263-0 

32-3 

2G 

25.8 

32 

86 

85-4 

10*5 

146 

144.9 

17'8 

206 

204*5 

251 

266 

264-0 

32*4 

27 

26*8 

3'3 

87 

864 

io*6 

147 

H5'9 

17*9 

207 

205*5 

25-2 

267 

265-0 

34-5 

28 

27-8 

3*4 

88 

87-3 

10*7 

148 

1469 

i8*o 

208 

206 '4 

a5'3 

2*;B 

266-0 

3^-7 

29 

28*8 

3*5 

89 

88-3 

10*8 

149 

"47-9 

X8*2 

209 

207*4 

25*5 

2Cd 

267-0 

32*8 

30 

29*8 

3'7 

90 

89-3 

11*0 

150 

1489 

18*3 

210 

208-4 

25-6 

270 

268-0 

32*9 

31 

30*8 

3-8 

91 

yo-3 

11*1 

151 

1499 

18-4 

211 

209*4 

25-7 

271 

269*0 

33-0 

^2 

31-8 

39 

92 

91-3 

11*2 

152 

150*9 

18*5 

212 

210*4 

25*8 

272 

270-0 

33*1 

33 

32-8 

4-0 

93 

92-3 

11-3 

153 

151-9 

i8*6 

213 

211-4 

26-0 

273 

271-0 

33*3 

34     33-7 

41 

94 

93.3 

11-5 

154 

1529 

i8*8 

214 

212*4 

26*1 

274 

272-0 

33*4 

35 

34*7 

4*3 

95 

94-3 

11*6 

155 

153*8 

18*9 

215 

2134 

26-2 

275 

273*0 

33*5 

36 

35*7 

4-4 

96 

95-3 

11*7 

156 

1548 

19-0 

216 

214*4 

26-3 

276 

473-9 

33*6 

37 

36-7 

+*? 

97 

96-3 

11-8 

157 

155*8 

19*1 

217 

215*4 

26*4 

277 

274*9 

33-8 

38 

37*7 

4-6 

98 

97*3 

11*9 

158 

156*8 

19*3 

218 

216*4 

266 

278 

275-9 

33*9 

39 

38-7 

4-8 

99 

98-3 

12*1 

150 

157-8 

19*4 

219 

217*4 

26-7 

279 

276*9 

34*o 

40 
41 

39*7 

4-9 

100 

99.3 

12*2 

160 

158-8 

19*5 

220 

218*4 

26*8 

280 

277-9 

34*1 

40-7 

5-0 

101 

100'2 

12*3 

161 

159-8 

19-6 

221 

219*4 

26*9 

281 

278-9 

34» 

42 

4»-7 

51 

102 

10 1 '2 

12*4 

162 

160*8 

19*7 

222 

220-3 

27*1 

282 

279*9 

34*4 

43 

42-7 

5-2 

103 

102*2 

12-6 

163 

161-8 

19*9 

223 

221*3 

27*2 

283 

280*9 

34*5 

44 

43*7 

5*4 

104 

X03-2 

12*7 

164 

162*8 

20-0 

224 

222*3 

17-3 

284 

281*9 

34*6 

45 

44*7 

5*5 

105 

104*2 

12*8 

165 

163*8 

20*1 

225 

223-3 

27*4 

285 

282*9 

34*7 

46 

45-7 

5-6 

106 

105'2 

12*9 

166 

164*8 

20'2 

226 

224-3 

27-5 

286 

283*9 

34*9 

47 

466 

5'7 

107 

io6*2 

13*0 

167 

165*8 

20*4 

227 

225-3 

27-7 

287 

284*9 

35*0 

48 

47-6 

5-8 

108 

107*2 

13'2 

168 

166-7 

20*5 

228 

226-3 

278 

288 

285*0 
286*8 

35*1 

49 

48*6 

6*o 

109 

io8*2 

i3'3 

169 

167*7 

20-6 

229 

227-3 

27-9 

289 

35-a 

50 

496 

61 

110 

109*2 

«3-4 

170 

i68*7 

20*7 

230 

228*3 

28*0 

290 

287-8 

35*3 

51 

50-6 

6-2 

111 

IIO*2 

13*5 

171 

169*7 

20-8 

231 

229-3 

28-2 

291 

288*8 

35*5 

52 

Si'6 

6.3 

112 

II1'2 

13-6 

172 

170*7 

21*0 

232 

230*3 

28*3 

292 

289*8 

35*6 

53 

52-6 

6-5 

118 

112*2 

13-8 

173 

171*7 

21*1 

233 

a3i*3 

28-4 

293 

290*8 

35*7 

54  [  53-6 

6-6 

114 

113*2 

13*9 

174 

172-7 

21*2 

234 

»3»-3 

28*5 

294 

291*8 

35*8 

55 

54.6 

6-7 

115 

114*1 

140 

175 

1737 

21*3 

235 

233*2 

28*6 

295 

292*8 

36*0 

56 

5S-6 

6-8 

116 

115*1 

14*1 

176 

174*7 

21*4 

236 

234*2 

28*8 

296 

2938 

36*1 

67 

56*6 

6*9 

117 

116*1 

H'^ 

177 

175*7 

21*6 

237 

235-2 

28-9 

297 

294-8 

36*2 

58 

57-6 

71 

118 

117*1 

14-4 

178 

176*7 

21*7 

238 

236-2 

29*0 

298 

295-8 

36*3 

59 

S8*6 

7-2 

119 

1x8*1 

H'S 

179 

177*7 

21*8 

239 

237-a 

29*1 

299 

296-8 

36-4 

60 

59-6 

7-3 

120 

119*1 

14-6 

180 

178-7 

21*9 

240 

238*2 

29*2 

30O 

2978 

3C-6 

Dist 

Dep. 

D.Lat 

Ditt. 

Dep. 

D.Lat 

Dist 

Dep.  D.Lat. 

Dist 

Dep. 

D.  Lat. 

Dist 

Dep. 

D.  Lat 
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0 

Oh  32™    I 

DistJD.Lat 

Dap. 

Dist 

D.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Diet 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

r    ro 

C*I 

61 

6o'4 

8*5 

121 

119*8 

i6*8 

181 

179*2 

25*2 

241 

238*7 

33*5 

2 

2-0 

o'3 

62 

61*4 

8*6 

122 

120*8 

17*0 

182 

180*2 

»5*3 

242 

2396 

33*7 

3 

3'o 

o'4 

63 

62*4 

8*8 

123 

121*8 

17*1 

183 

l8\*2 

a5*5 

243 

240*6 

33*8 

4 

4-0 

o*6 

64 

63*4 

8*9 

124 

122*8 

17-3 

184 

182*2 

25*6 

244 

241*6 

34*0 

5 

S'o 

0-7 

66 

64-4 

90 

126 

123*8 

17-4 

186 

183*2 

45*7 

245 

242*6 

34*  X 

6 

5*9 

0*8 

66 

65*4 

9a 

126 

124*8 

17-5 

186 

184*2 

25*9 

246 

243*6 

34*a 

7 

6-9 

vo 

67 

66*3 

9*3 

127 

125*8 

17*7 

187 

185*2 

26*0 

247 

244*6 

34*4 

8 

7*9 

1*1 

68 

67*3 

9'S 

128 

126*8 

17*8 

188 

i86*2 

26*2 

248 

245*6 

345 

9 

8-9 

J-3 

69 

68*3 

9*6 

129 

127*7 

x8*o 

189 

187*2 

26*3 

249 

246*6 

34*7 

10 
U 

9*9 

1-4 

70 

69*3 

9*7 

130 

128*7 

18*1 

190 

188-2 

26*4 

260 

247*6 

34*8 

io'9 

>-5 

71 

70-3 

9.9 

131 

129*7 

18*2 

191 

189*1 

26*6 

261 

248*6 

34*9 

12 

11-9 

1*7 

72 

71-3 

10*0 

132 

130*7 

18*4 

192 

190*1 

26*7 

262 

»49*5 

35*1 

13 

11*9 

1-8 

73 

72*3 

10*2 

133 

131*7 

18*5 

193 

191*1 

26*9 

263 

250*5 

35*a 

14 

13*9 

1*9 

74 

73'3 

10*3 

134 

132*7 

18*6 

194 

192*1 

27*0 

264 

251*5 

35*3 

15 

149 

2*1 

76 

74*3 

io*4 

136 

«33*7 

i8*8 

196 

193*1 

27*1 

265 

252*5 

35*5 

16 

IS'8 

2*2 

76 

75*3 

io*6 

136 

'34*7 

18*9 

196 

1941 

27*3 

266 

*53*5 

356 

17 

i6-8 

»'4 

77 

76*3 

10*7 

i37 

135*7 

19*1 

197 

195*1 

27*4 

267 

^54*5 

35*8 

18 

17-8 

2*5 

78 

77-2 

10*9 

138 

136*7 

19*2 

198 

196*1 

27*6 

268 

»55'5 

35-9 

19 

i8-8 

2*6 

79 

78*2 

ii*o 

139 

137.7 

19*3 

199 

197*1 

27*7 

259 

2565 

36*0 

20 
21 

19-8 

2-8 

80 

79*a 

11*1 

140 

138*6 

19*5 

200 

198*1 

27*8 

260 

*57-5 

36*2 

20-8 

2'9 

81 

8o-2 

11*3 

141 

1396 

19*6 

201 

1990 

28*0 

261 

258*5 

36*3 

22 

21-8 

3*1 

82 

8l*2 

11*4 

142 

140*6 

19*8 

202 

200*0 

x8*i 

262 

a59*5 

36*5 

23 

22*8 

3*2 

83 

82*2 

11*6 

143 

141*6 

199 

203 

201*0 

28*3 

269 

260*4 

36*6 

24 

23*8 

3'3 

84 

83*2 

11*7 

144 

142*6 

20*0 

204 

202*0 

28*4 

264 

261*4 

36*7 

25 

248 

3'5 

85 

84-2 

11*8 

146 

i43'6 

20*2 

205 

203*0 

28*5 

265 

262*4 

369 

26 

25*7 

3-6 

86 

85-2 

I2*0 

146 

144*6 

20*3 

206 

204*0 

28*7 

266 

2634 

37*o 

27 

26*7 

3-8 

87 

86*2 

12*1 

U7 

145*6 

20*5 

207 

205*0 

28*8 

267 

264*4 

37*2 

28 

27-7 

3'9 

88 

87*1 

12*2 

148 

146*6 

20*6 

208 

2o6*o 

28*9 

268 

265*4 

37*3 

20 

28*7 

40 

89 

88*1 

12*4 

149 

»47*5 

20*7 

200 

207*0 

29*1 

269 

2664 

37*4 

30 

29-7 

4*» 

00 

89*1 

12*5 

160 

148*5 

20*9 

210 

208*0 

29*2 

270 

267*4 

37*6 

31 

30*7 

4- 3 

91 

90'! 

12*7 

161 

>49*5 

21*0 

211 

2o8'9 

294 

271 

268*4 

3r7 

32 

31*7 

4*5 

92 

91*1 

12*8 

162 

150*5 

21*2 

212 

209*9 

29*5 

272 

269*4 

37-9 

33 

32-7 

4-6 

93 

92*1 

12*9 

163 

151*5 

21*3 

213 

210*9 

29*6 

273 

270*3 

38*0 

34 

33*7 

4-7 

94 

93'i 

131 

154 

152*5 

21*4 

214 

211*9 

298 

274 

271*3 

38*1 

35 

34*7 

4*9 

96 

94*1 

13*2 

155 

153-5 

21*6 

216 

212*9 

29*9 

275 

272*3 

383 

36 

35'6     5'o  1 

96 

95*1 

»3'4 

156 

1545 

21*7 

216 

213*9 

30*1 

276 

a73*3 

38*4 

37 

36*6 

5*a 

97 

96-1 

ns 

167 

155*5 

21*9 

217 

214*9 

30*2 

277 

*74-3 

38*6 

38 

37*6 

5*3 

98 

97.0 

13*6 

168 

156*5 

22*0 

218 

215*9 

30*3 

278 

175*3 

38-7 

30 

38-6 

5*4 

99 

98*0 

13-8 

169 

'57*5 

22*1 

219 

216*9 

30*5 

279 

276*3 

38*8 

40 
41 

39*6 

5-6 

100 

99*0 

13*9 

160 

158*4 

22*3 

220 

217*9 

30*6 

280 
281 

277*3 

39*o 

40*6 

5*7 

101 

lOO'O 

14M 

161 

159*4 

22*4 

221 

2x8*8 

30*8 

278*3 

39* « 

42 

41*6 

5-8 

102 

101*0 

14*2 

162 

160*4 

22*5 

222 

219-8 

309 

882 

a79*3 

39*2 

43 

42-6 

6*o 

103 

102*0 

H*3 

163 

161-4 

22*7 

223 

220*8 

31*0 

283 

280*2 

39*4 

44 

43*6 

6-1 

104 

103*0 

«4*5 

164 

162*4 

22*8 

224 

221*8 

31*2 

284 

281*2 

39*5 

45 

44.6 

6-3 

105 

104*0 

146 

166 

163*4 

23*0 

226 

222*8 

31*3 

285 

282*2 

3^*2 

46 

45*6 

6-4 

106 

105*0 

14-8 

166 

164*4 

23- 1 

226 

223*8 

3»*5 

286 

283*2 

39*8 

47 

46*5 

6-5 

107 

106*0 

14*9 

167 

165*4 

23*2 

227 

224*8 

31*6 

287 

284*2 

39*9 

48 

47*5 

6-7 

108 

107*0 

15*0 

168 

166*4 

a3-4 

228 

225*8 

31*7 

288 

285*2 

401 

40 

48-5 

6*8 

109 

107*9 

15*2 

169 

167*4 

»3'5 

229 

226*8 

31*9 

289 

286*2 

40*2 

60 

49*5 

7*0 

110 
111 

108*9 

15*3 

170 

i68*3 

23*7 

230 

227*8 

32*0 

290 
291 

287*2 

40*4 

61 

50*5 

7*1 

109*9 

15*4 

171 

169*3 

23-8 

231 

228*8 

32*1 

288*2 

4o*| 
40*6 

62 

5»*5 

7*2 

112 

iio'9 

156 

172 

170*3 

23*9 

232 

229*7 

32*3 

292 

289*2 

63 

52*5 

7*4 

113 

1x1*9 

15-7 

173 

171*3 

24*1 

233 

230*7 

3a*4 

293 

290*1 

40-8 

64 

S3*5 

7*S 

114 

112*9 

To 

174 

i7»*3 

24*2 

234 

231*7 

32*6 

294 

291*1 

40*9 

65 

54' 5 

7*7 

115 

113*9 

176 

173*3 

»4-4 

236 

232*7 

32*7 

295 

292*1 

411 

66 

55*5 

7-8 

116 

114-9 

i6-i 

176 

174*3 

»4*5 

236 

233*7 

32*8 

296 

293*  1 

41*2 

67 

56-4 

7*9 

117 

115*9 

,6*3 

177 

175*3 

24*6 

237 

234*7 

33*o 

297 

294*1 

4«*3 

68 

57*4 

8-1 

118 

ii6*9 

i6-4 

178 

176*3 

24-8 

238 

a35-7 

33*1 

208 

2951 

41*1 

69 

58-4 

8*2 

119 

117*8 

i6*6 

179 

177*3 

24*9 

239 

236*7 

33*3 

399 

296*1 

41*6 

60 

59*4 

8-4 

120 

ii8*8 

16*7 

180 

178*3 

25*1 

240 

237*7 

33*4 

300 

297-1 

41*8 

Dist. 

Dep. 

D.Lal 

Disr. 

Dep. 

D.Lnt 

DUt 

Dep. 

D.Lat 

Diat 

Dep. 

D.Ut 

DUt 

Dep. 

D.Lat. 

« 
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9^                                                    0»»  36™ 

Dim. 

.  DX«t 

Dep. 

DiaLD.Lat 

.  Dep. 

Dist.D.Lat 

.    Dep. 

Dist.  D.  Lat 

.    Dep. 

DisL  D.  Lat.    D^p.  1 

1 

I"0 

o*a 

61 

6o*a 

95 

121 

119*5 

18*9 

181 

^78-8 

28-3 

241 

238-0     37*7  1 

2 

a'o 

0-3 

62 

61*2 

9*7 

122 

120-5 

19-1 

182 

179-8 

28*5 

242 

239-0 

379 

3 

3-0 

0-5 

63 

62*a 

9*9 

123 

121*5 

19*2 

183 

180 '7 

28-6 

243 

240*0 

38-0 

4 

4-0 

06 

64 

63*2 

lO'O 

124 

122*5 

«9-4 

184 

181*7 

28-8 

244 

241  0 

38* 

6 

49 

0-8 

65 

64*a 

lO'2 

125 

123-5 

19*6 

185 

182*7 

28*9 

245 

242*0 

383 

6 

r^ 

o*9 

66 

65-2 

10-3 

126 

124*4 

19*7 

186 

183*7 

29*1 

246 

a43'0 

38-5 

7 

6-9 

1*1 

67 

66-2 

10*5 

127 

125-4 

199 

187 

184-7 

29-3 

247 

244-0 

386 

8 

Z'9 

i*3 

68 

67*2 

10*6 

128 

126*4 

20*0 

188 

185*7 

29*4 

248 

244*9 

38-8 

9 

8-9 

1-4 

69 

68-2 

10*8 

129 

127-4 

20*2 

189 

186*7 

29-6 

249 

245-9 

39-0 

10 

9-9 

1-6 

70 

69*  I 

11*0 

130 

iz8'4 

20*3 

190 

187*7 

29-7 

250 

2469 

39*1 

11 

io*9 

1*7 

71 

70*1 

11*1 

131 

129-4 

20-5 

191 

1886 

299 

251 

247*9 

39*3 

12 

ix'9 

1-9 

72 

71*1 

11-3 

132 

130-4 

20-6 

192 

189-6 

30-0 

252 

M^'9  ;  39*4  1 

13 

I2-S 

a'o 

73 

72*1 

11*4 

133 

131-4 

20*8 

193 

190*6 

302 

253 

249-9  !  39*6  1 

14 

138 

^'3. 

74 

73-1 

xi-6 

134 

1324 

21*0 

194 

191*6 

30-3 

264 

250-9 

39*7 

U 

14*8 

a-3 

76 

74-1 

11*7 

135 

133*3 

2I-I 

195 

192*6 

30*5 

255 

251*9 

399 

16 

15-8 

»'5 

76 

75-1 

11*9 

136 

134-3 

21*3 

196 

1936 

30*7 

266 

252-8 

40-0 

17 

x6*8 

»*7 

77 

76' I 

12'0 

137 

«35'3 

21-4 

197 

194-6 

30*8 

257 

253-8 

40*2 

18 

17-8 

a-8 

78 

77.0 

12*2 

138 

136-3 

21-6 

198 

195-6 

31-0 

258 

254-8 

40*4 

19 

i8-8 

3'o 

79 

78-0 

12*4 

139 

»37*3 

21*7 

199 

196-5 

31-1 

259 

255*8 

40*5 

20 

19*8 

3-1 

80 

790 

12-5 

140 

138*3 

21*9 

200 

W5 

31*3 

260 

2568 

40*7 

21 

ao'7 

3*3 

81 

8o-o 

12*7 

141 

i29'3 

22-1 

201 

198-5 

31-4 

261 

257*8 

40*8 

22 

ai*7 

3-4 

82 

81*0 

12*8 

142 

140-3 

22*2 

202 

199-5 

31-6 

262 

258-8 

41*0 

23 

aa*7 

3-6 

83 

82*0 

13*0 

143 

141*2 

22*4 

203 

200-5 

31*8 

263 

259*8 

41*1 

24 

*3*7 

3-8 

84 

83-0 

131 

144 

142-2 

22*5 

204 

201*5 

31-9 

264 

260*7 

41*3 

U 

»4'7 

3-9 

85 

84-0 

13-3 

145 

143  a 

22*7 

205 

202 '5 

32*1 

265 

261*7 

4»*5 

26 

aS'7 

4-1 

86 

84-9 

13-5 

146 

144-2 

22-8 

206 

203-5 

32*2 

266 

262*7 

41*6 

27 

26-7 

4-» 

87 

85-9 

13*6 

147 

145*2 

23*0 

207 

204-5 

32*4 

267 

263-7 

41*8 

28 

27-7 

4*4 

88 

869 

13-8 

148 

146-2 

23*2 

208 

205*4 

3*5 

268 

264-7 

41*9 

29 

a8*6 

4-5 

89 

87-9 

13-9 

149 

147*2 

233 

200 

206-4 

32-7 

269 

265-7 

42*1 

30 

a9'6 

4-7 

90 

88*9 

141 

150 

148-2 

23-5 

210 

207-4 

32-9 

270 

266-7 

42*2 

31 

30-6 

4-8 

91 

89-9 

14-2 

151 

149*1 

23-6 

211 

208-4 

33*o 

271 

267*7 

42-4 

32 

31-6 

5-0 

92 

90-9 

14-4 

152 

150-1 

a3-8 

212 

209-4 

33-2 

272 

a68-7 

42*6 

S3 

32*6 

5'» 

93 

91-9 

H-5 

153 

151*1 

a3*9 

213 

210*4 

33*3 

273 

269*6 

42*7 

34 

33-6 

53 

94 

92*8 

14-7 

154 

152*1 

24*1 

214 

211-4 

33*5 

274 

270*6 

42*9 

35 

34-6 

5'S 

95 

93-8 

H-9 

155 

1531 

24*2 

215 

212*4 

33-6 

275 

271*6 

43*0 

36 

35-6 

96 

94*8 

15-0 

156 

1541 

24*4 

216 

ai3*3 

33-8 

276 

272*6 

43-» 

37 

365 

5-8 

97 

95-8 

15*2 

157 

155-1 

24*6 

217 

214-3 

33*9 

277 

273-6 

43*3 

38 

37'5 

r^ 

98 

968 

15-3 

168 

156-1 

24*7 

218 

215-3 

341 

278 

274*6 

43*5 

39 

38-5 

61 

99 

97-8 

»5-5 

159 

157*0 

249 

219 

216-3 

34*3 

279 

a7j-6 
270*6 

43*6 

40 

39-5 

6-3 

100 

98-8 

15-6 

160 

158*0 

25*0 

220 

217-3 

34*4 

280 

43*8 

41 

40-5 

6-4 

101 

99-8 

158 

IGl 

159*0 

25*2 

221 

218*3 

34-6 

281 

277*5 

44-0 

42 

41-5 

6-6 

102 

ioo*7 

i6'o 

162 

160*0 

25*3 

222 

ai9'3 

34-7 

282 

278*5 

44., 

43 

4*-5 

6-7 

103 

ioi'7 

i6x 

163 

i6i*o 

25-5 

223 

220*3 

34-9 

283 

279-5 

44*3 

44 

43'5 

69 

104 

ioa'7 

16-3 

164 

162*0 

25*^ 

224 

221*2 

35-0 

284 

280*5 

444 

45 

4*-4 

7-0 

105 

103-7 

i6'4 

165 

163*0 

25-8 

225 

222-2 

35*4 

285 

281-5 

44*6 

46 

4S'4 

7-a 

106 

104-7 

16-6 

166 

164*0 

26*0 

226 

223-2 

35*4 

286 

282*5 

44*7 

47 

46-4 

7'4 

107 

105-7 

i6'7 

167 

164*9 

26-1 

227 

224-2 

35*5 

287 

283-5 

44*9 

48 

47-4 

7-5 

108 

106-7 

16*9 

168 

1659 

26-3 

228 

225-2 

35*7 

288 

284-5 

45*1 

49 

48-4 

7*7 

109 

107-7 

17-1 

169 

166-9 

26*4 

229 

226-2 

35-8 

289 

285-4 

45*2 

60 

49-4 

7-8 

110 

108*6 

17-2 

170 

167*9 

26-6 

230 

227-2 

36*0 

290 

2864 

45-4 

51 

50-4 

8-0 

111 

109-6 

17-4 

171 

168-9 

268 

231 

228*2 

36*1 

291 

287V 

45*5 

52 

5>-4 

8*1 

112 

xio*6 

17-5 

172 

169-9 

a6'9 

232 

229*1 

36*3 

292 

288*4 

45*7 

53 

52-3 

8-3 

113 

111-6 

17*7 

173 

170*9 

27-1 

233 

230*1 

36-4 

293 

289-4 

45*8 

54 

53-3 

8-4 

114 

iia*6 

17*8 

174 

171-9 

27*2 

234 

231-1 

36-6 

294 

290-4 

46*0 

55 

54- 3 

8-6 

115 

113*6 

i8*o 

176 

172*8 

27*4 

235 

232*1 

368 

295 

291-4 

46*1 

56 

55*3 

8-8 

116 

114*6 

i8-i 

176 

173-8 

a7-"5 

236 

233*1 

36-9 

296 

292-4 

46-3 

67 

56-3 

8-9 

117 

115*6 

18-3 

177 

174-8 

27-7 

237 

234*1 

37*1 

297 

293-3 

46-5 

58 

57'3 

9» 

118 

116*5 

i8-5 

178 

175-8 

27-8 

238 

a35*» 

37-2 

298 

»94*3 

46-6 

59 

58-3 

9a 

119 

117*5 

i8*6 

179 

176*8 

28*0 

239 

236-1 

37*4 

299 

a95*3 

46-8 

60 

59-3 

9-4 

120 

118-5 

i8*8 

180 

177*8 

28*2 

240 

237*0 

37*5 

800 

296*3 

46*9 

Oiat  Dep. 

D.Ut 

Dwt. 

D«p. 

D.Ut 

Diet   Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat 

Dist.   Dep.   U.uJ 
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TABLE  2 


TRAVERSE  TABLE  TO  DEGREES 

1 

10^                                                 Oh  40™    1 

Dist.D.Lflt 

Dep. 

Dist. 

D.  Lat. 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

1 

I'O 

0'2 

61 

6o*i 

IO-6 

121 

119*2 

21*0 

181 

178*3 

31-4 

241 

137-3 

41-8 

2 

2»0 

0-3 

62 

6i'i 

10*8 

122 

120'I 

21*2 

182 

179*2 

31 -6 

242 

238-3 

42*0 

3 

3*o 

o'S 

63 

62*0 

io*9 

123 

121*1 

21*4 

183 

i8o-2 

31*8 

243 

»39-3 

42-2 

4 

3'9 

o'7 

64 

63*0 

11*1 

124 

122"  I 

21-5 

184 

181*2 

32*0 

244 

240*3 

42-4 

5 

4-9 

o'9 

65 

64-0 

11*3 

125 

123-1 

21*7 

185 

182*2 

32*1 

245 

241-3 

41-5 

6 

5'9 

i-o 

66 

65*0 

11*5 

126 

124- 1 

21*9 

186 

183-2 

32*3 

*246 

242-3 

42-7 

7 

6*9 

1*2 

67 

660 

ir6 

127 

125-1 

22*1 

187 

184*2 

31*5 

247 

243*2 

42*9 

8 

7-9 

1-4 

68 

67-0 

11-8 

128 

126*1 

22*2 

188 

185*1 

32-6 

248 

244-2 

43*1 

9 

8-9 

1-6 

69 

68-0 

I2*0 

129 

127*0 

22*4 

189 

i86*i 

32*8 

249 

245*2 

43'i 

10 

9-8 

1-7 

70 

68-9 

12-2 

130 

128*0 

22*6 

190 

187*1 

33-0 

250 

246-2 

4r4 

11 

io*8 

i'9 

71 

69*9 

123 

131 

129-0 

22*7 

191 

1881 

33*2 

251 

147-1 

43-6 

12 

11-8 

2*1 

72 

70-9 

12*5 

132 

130*0 

22*9 

192 

189*1 

33*3 

262 

248*2 

43-8 

13 

12-8 

2-3 

73 

71-9 

12*7 

133 

131-0 

23*1 

193 

190*1 

33*5 

253 

249-2 

439 

14 

13-8 

24 

74 

729 

12-8 

IM 

132*0 

23-3 

194 

191*1 

33*7 

254 

250-1 

44*1 

15 

14*8 

2*6 

75 

73-9 

13-0 

m 

132-9 

23*4 

195 

192*0 

339 

255 

25I'I 

44*3 

16 

15-8 

2-8 

76 

74-8 

132 

136 

>33-9 

23-6 

196 

1930 

34*0 

256 

252-1 

44*5 

17 

i6'7 

3'o 

77 

75-8 

13-4 

137 

134-9 

23*8 

197 

194*0 

34*2 

257 

»53i 

44-6 

18 

17-7 

31 

78 

768 

135 

138 

135-9 

24-0 

198 

195-0 

34-4 

258 

254-1 

44*8 

19 

i8-7 

3*3 

79 

77*8 

13*7 

139 

136*9 

24*1 

199 

196-0 

34'6 

259 

255*1 

45*o 

20 

19-7 

3*5 

80 

788 

13*9 

140 

137-9 

H'3 

200 

1970 

34-7 

260 

256*0 

4')-i 

21 

ao'7 

.3-6 

81 

79-8 

'41 

141 

138*9 

24*5 

201 

197*9 

34-9 

261 

257-0 

45-3 

22 

ai-7 

3^8 

82 

8o-8 

14*2 

142 

139*8 

24-7 

202 

1989 

35-1 

262 

258-0 

45*5 

23 

22-7 

4-0 

83 

81-7 

14*4 

143 

140*8 

24*8 

203 

1999 

35*3 

263 

259-0 

45*7 

24 

a3«6 

4-2 

84 

82-7 

146 

144 

141*8 

25*0 

204 

2009 

35*4 

264 

260-0 

45*8 

25 

24*6 

43 

85 

83-7 

14-8 

145 

142*8 

25*2 

205 

201*9 

35-6 

265 

261-0 

46-0 

26 

25-6 

45 

86 

84-7 

14*9 

146 

143-8 

»5-4 

206 

202*9 

35-8 

266 

262-0 

46*2 

27 

26'6 

4*7 

87 

85-7 

15*1 

147 

144-8 

*5-5 

207 

203*9 

35'9 

267 

262*9 

46-4 

28 

27*6 

4*9 

88 

86-7 

15*3 

148 

145*8 

25-7 

208 

204*8 

36*1 

268 

263-9 

46-5 

29 

28*6 

5-0 

89 

876 

15-5 

149 

146*7 

25*9 

209 

205*8 

36-3 

269 

264-9 

46-7 

80 

29-5 

5-a 

90 

88-6 

15-6 

150 

147*7 

26*0 

210 

206*8 

36-5 

270 

265*9 

469 

81 

30"  S 

5-4 

91 

896 

15*8 

151 

148*7 

26-2 

211 

207-8 

36-6 

271 

266-9 

47*1 

32 

3i'S 

5-6 

92 

90*6 

lo-o 

152 

14^-7 

26*4 

212 

208' 8 

36*8 

272 

267-9 

47*2 

33 

3a-5 

S'7 

93 

91*6 

161 

153 

150*7 

26*6 

213 

209*8 

37-0 

273 

268-9 

47-4 

34 

33*5 

5*9 

94 

92*6 

163 

154 

151*7 

26*7 

214 

210*7 

37*2 

274 

269-8 

47-6 

35 

345 

6-1 

95 

93-6 

i6-5 

155 

152-6 

26*9 

215 

2X1*7 

37-3 

275 

270*8 

47*8 

36 

35*5 

6-3 

96 

945 

i6»7 

156 

153-6 

27*1 

216 

212*7 

37-5 

276 

271-8 

47*9 

37 

36-4 

6-4 

97 

95*5 

168 

167 

154-6 

27-3 

217 

213-7 

37*7 

277 

272-8 

481 

38 

37-4 

6-6 

98 

96-5 

17*0 

158 

155*6 

27*4 

218 

214*7 

37-9 

278 

273*8 

48*3 

39 

38-4 

6*8 

99 

97*5 

17-2 

159 

156*6 

27-6 

219 

215*7 

38*0 

279 

274*8 

48*4 

40 
41 

394 

6-9 

100 

98-5 

17-4 

160 

157*6 

27*8 

220 

2l6*7 

38*2 

280 

275*7 

48-6 

40-4 

7-1 

101 

99*5 

17-5 

161 

158*6 

28  0 

221 

217*6 

38-4 

281 

276-7 

48*8 

42 

41-4 

7*3 

102 

100-5 

177 

162 

159-5 

28*1 

222 

218*6 

38-5 

282 

277*7 

49-0 

43 

41*3 

7*5 

103 

101*4 

17*9 

163 

,160-5 

28-3 

223 

219*6 

38-7 

283 

278*7 

49*1 

44 

43*3 

7-6 

104 

102*4 

x8i 

164 

16,5 

28-5 

224 

220-6 

38*9 

294 

279-7 

49-3 

45 

443 

7-8 

105 

103*4 

l8*2 

166 

162*5 

28-7 

225 

221-6 

39* » 

285 

280*7 

49-5 

46 

45*3 

8-0 

106 

104*4 

i8*4 

166 

163-5 

28-8 

226 

222-6 

39'» 

286 

281-7 

49"7 

47 

463 

8-2 

107 

105*4 

i8*6 

167 

164*5 

29-0 

227 

223*6 

39*4 

287 

282-6 

49-8 

48 

47*3 

«-3 

108 

ioo*4 

18*8 

168 

165-4 

29*2 

228 

224*5 

39-6 

288 

283-6 

50-0 

49 

48-3 

8-5 

109 

107*3 

i8*9 

169 

i66*4 

29-3 

2*29 

225-5 

39-8 

289 

284-6 

50*2 

50 
51 

49-2 

8-7 

110 

io8*3 

19-1 

170 

167-4 

29*5 

230 

226-5 

399 

290 

2856 

50-4 

50-2 

8-9 

111 

109*3 

19*3 

171 

168*4 

29-7 

231 

127-5 

40*1 

291 

286*6 

50-5 

52 

$1*2 

9'o 

112 

110*3 

19*4 

172 

169*4 

29r-9 

232 

228-5 

40-3 

292 

287-6 

50-7 

53 

52*2 

9'2 

113 

111*3 

19*6 

178 

170-4 

30-0 

233 

229*5 

40-5 

293 

288-5 

50*9 

54 

53-2 

9*4 

114 

112*3 

19-8 

174 

171*4 

30-2 

234 

230-4 

40*6 

294 

289*5 

51-1 

55 

54-1 

9*6 

115 

113*3 

20'0 

175 

172*3 

30*4 

285 

231*4 

40*8 

295 

290-5 

51-2 

50 

55-1 

9.7 

110 

114*2 

20*1 

176 

173-3 

30*6 

286 

232*4 

41*0 

296 

291-5 

51-4 

57 

56' I 

9.9 

117 

115*2 

20*3 

177 

174-3 

30*7 

237 

*33-4 

41*2 

297 

292-5 

51-6 

58 

57'X 

lO'I 

118 

116*2 

20*5 

178 

175*3 

30-9 

238 

134-4 

41-3 

298 

193  "5 

51-7 

59 

581 

10'2 

119 

117*2 

20*7 

179 

176-3 

311 

239 

135*4 

41-5 

299 

»94-5 

51*9 

60 

59"  I 

10*4 

120 

Il8*2 

20*8 

180 

177-3 

31*3 

240 

2364 

41-7 

300 

295-4 

521 

Dist. 

Dep. 

D.Ut 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.  Lat. 

Dist 

Dep. 

D-  lAl 
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TRAVERSE  TABLE  TO  DEGREES 

1 1°                                                     O"*  44™ 

l>isrJD.Lai 

Dep.  Diit 

D.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 
18i 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep, 

1 

I'O 

0'2       61 

S9'9 

11-6 

121 

ii8«8 

23-1 

177-7 

34' 5 

241 

236*6 

46-0 

2 

2*0 

0*4 

62 

60*9 

ix-8 

122 

X19-8 

a3-3 

182 

178*7 

34*7 

242 

237*6 

46-2 

3 

2*9 

0-6 

63 

6x*8 

12'0 

123 

120*7 

23-5 

183 

179*6 

'34*9 

243 

238*5 

46-4 
46-6 

4 

3*9 

o*8 

64 

62-8 

12*2 

124 

121*7 

23-7 

184 

180*6 

3S*> 

244 

239-5 

5 

4*9 

i-o 

05 

63-8 

12-4 

125 

122-7 

23-9 

186 

181-6 

35*3 

245 

240-5 

46-7 

6 

5*9 

I'l 

66 

64*8 

12-6 

126 

123*7 

24*0 

186 

182-6 

35-5 

246 

2415 

46-9 

7 

6-9 

>-3 

67 

65-8 

12-8 

127 

124*7 

24*2 

187 

183*6 

35*7 

247 

242*5 

47*1 

8 

7*9 

>*5 

68 

66*8 

13-0 

128 

125-6 

a4-4 

188 

184*5 

35-9 

248 

a43-4 

47*3 

9      8-8 

1-7 

60 

67-7 

13-2 

129 

126-6 

24*6 

189 

185*5 

36-1 

249 

*44*4 

47-5 

10  1    9'Z 

1-9 

70 

68-7 

J3'4 

130 

127*6 

24-8 

190 

186-5 

3^*3 

250 

245*4 

47-7 

U 

10*8 

»•! 

71 

69-7 

>3*S 

131 

128-6 

25-0 

191 

187-5 

36*4 

251 

246*4 

47-9 

12 

ix-8 

2-3 

72 

70-7 

13-7 

132 

129*6 

25*2 

192 

188*5 

36-6 

252 

247-4 

48- 1 

13 

12*8 

»'5 

73 

71*7 

13-9 

133 

130-6 

*5'4 

193 

189-5 

36-8 

253 

2484 

48-3 

14 

13-7 

*-7 

74 

72-6 

14-1 

134 

131-5 

25*6 

194 

190-4 

37-0 

254 

249-3 

48*5 

U 

»4"7 

2-9 

75 

73.6 

14*3 

135 

132*5 

258 

195 

191-4 

37*2 

255 

250*3 

48-7 

16 

15-7 

3'i 

76 

746 

H'S 

136 

>33'5 

26-0 

196 

192-4 

37-4 

256 

251-3 

48-8 

17 

i6'7 

3-2 

77 

75-6 

14*7 

137 

»34-S 

26*1 

197 

'93*4 

37-6 

257 

252-3 

49-0 

18 

17*7 

3'4 

78 

76-6 

14-9 

138 

135-5 

26-3 

198 

194-4 

37-8 

258 

a53*3 

49*2 

19 

i8-7 

3-6 

79 

77*5 

15*1 

139 

136-4 

26*5 

199 

195*3 

380 

259 

254-2 

49*4 

20 

19*6 

3-8 

80 

78s 

15-3 

140 

»57'4 

26-7 

200 

196-3 

38*2 

260 
261 

255-2 

49-6 

21 

ao-6 

40 

81 

79'5 

15- 5- 

141 

138-4 

26-9 

201 

197*3 

38-4 

256-2 

49-8 

22 

21-6 

4» 

82 

8o'5 

156 

142 

139-4 

27-1 

202 

198*3 

38*5 

262 

257-2 

50-0 

23 

22-6 

4*4 

83 

8i-5 

158 

143 

140-4 

27-3 

203 

1993 

38*7 

263 

258-2 

50*2 

24 

23-6 

4-6 

84 

82-5 

16*0 

144 

141 -4 

27-5 

204 

200*3 

38-9 

264 

259-1 

50*4 

25 

»4*5 

4-8 

85 

83-4 

l6*2 

145 

i4»-3 

27-7 

205 

201-2 

39-1 

265 

260-1 

50-6 

26 

255 

50 

86 

84-4 

16*4 

146 

143*3 

27-9 

206 

202-2 

39-3 

266 

261*1 

50-8 

27 

26- 5 

52 

87 

85-4 

x6-6 

147 

144-3 

28*0 

207 

203-2 

39*5 

267 

262-1 

50-9 

28 

27-5 

5*3 

88 

86*4 

x6-8 

148 

145-3 

28-2 

208 

204-2 

39*7 

268 

263-1 

511 

29  >  28*5 

5*5 

89 

87-4 

17-0 

149 

1463 

28*4 

209 

205-2 

39.9 

269 

264-1 

51-3 

30     294 

5*7  1   90 

88-3 

17-2 

150 

147-2 

286 

210 

206-1 

40*1 

270 

265-0 

5>-5 

31 

30-4 

5*9 

91 

89-3 

17-4 

lol 

]48'2 

28-8 

211 

207-1 

40-3 

271 

266*0 

517 

32 

3>'4 

6x 

92 

90-3 

17-6 

152 

149-2 

29-0 

212 

208 -1 

404 

272 

267-0 

51-9 

33 

32-4 

6-3 

93 

91-3 

17*7 

153 

150-2 

29*2 

213 

209*1 

40- 5 

273 

268-0 

52*1 

34 

33*4 

6-5 

94 

92-3 

17-9 

lU 

151-2 

29-4 

214 

210*1 

40-8 

274 

269*0 

5»-3 

33 

34*4 

6-7 

95 

93*3 

x8*i 

155 

152-2 

29*6 

215 

211*0 

41-0 

275 

269-9 

5»-5 

36 

35*3 

6-9 

96 

94-2 

18-3 

156 

153-1 

29*8 

216 

212-0 

41-2 

276 

270-9 

5»-7 

37 

36-3 

7-1 

97 

95-2 

i8-5 

157 

154-1 

30*0 

217 

213-0 

41-4 

277 

2719 

529 

38 

37-3 

7-3 

98 

96*2 

18-7 

158 

IS51 

30*1 

218 

214*0 

41*6 

278 

272-9 

530 

39 

383 

7*4 

99 

97*2 

i8'9 

159 

156*1 

30*3 

219 

215-0 

41-8 

279 

273-9 

53-» 

40 

39*3 

7-6 

100 

98*2 

19-1 

160 

157-1 

30*5 

220 

2l6'0 

42*0 

280 

274-9 

53-4 

41 

40-2 

7-8 

101 

99*  I 

19-3 

161 

158-0 

30*7 

221 

216*9 

42*2 

281 

275-8 

53*6 

42 

41*2 

8-0 

102 

lOO'I 

19*5 

162 

159*0 

30-9 

222 

2179 

42*4 

282 

2768 

53-8 

48 

42-2 

8-2 

103 

lOI'l 

19-7 

163 

160-0 

31-1 

223 

218-9 

42-6 

283 

277*8 

54*0 

44 

43-2 

«-4 

104 

102  •  I 

19-8 

164 

161*0 

31-3 

224 

219-9 

42*7 

284 

2788 

54-* 

45 

44'* 

8-6 

105 

103' 1 

20-0 

165 

162*0 

V'S 

225 

220-9 

42*9 

285 

279-8 

54*4 

46 

4S'2 

8*8 

106 

104*1 

20-2 

166 

163*0 

3»-7 

226 

221*8 

43*1 

286 

280*7 

54-6 

47 

461 

9*0 

107 

105-0 

20-4 

167 

163-9 

31-9 

227 

222-8 

43-3 

287 

281*7 

54*8 

48 

47"  I 

9*2 

108 

106*0 

20'6 

168 

164*9 

32*1 

228 

223-8 

43-5 

288 

282*7 

55*o 

49 

48-1 

9'3 

109 

io7'o 

20-8 

169 

165-9 

32*2 

229 

224*8 

43*7 

289 

283-7 

55-« 

60 

49-1 

9*5 

110 

108-0 

2X'0 

170 

166-9 

32*4 

230 

225-8 

4V9 

290 

284-7 

5S-3 

51 

50-1 

9.7 

111 

109-0 

21-2 

171 

167*9 

32-6 

231 

226*8 

44- 1 

291 

285*7 

55*5 

52 

51*0 

9*9 

112 

109-9 

21-4 

172 

168*8 

32-8 

232 

227*7 

44*3 

292 

286-6 

55*7 

53 

52-0 

lo-i 

113 

110*9 

21-6 

173 

169-8 

33-0 

233 

228-7 

44-5 

293 

287-6 

55*9 

54 

53-0 

io*3 

114 

iii«9 

2X-8 

174 

170-8 

33-a 

234 

229'7 

446 

2!M 

288-6 

.56-' 

55 

54-0 

105 

115 

112*9 

21*9 

175 

171-8 

33*4 

235 

230*7 

44-8 

295 

289-6 

56-3 

56 

56-0 

io*7 

116 

113-9 

22*1 

176 

172-8 

33.6 

236 

231*7 

45*0 

-urn 

2906 

565 

67 

io'9 

117 

114-9 

lX"i 

177 

173-7 

33-« 

237 

232-6 

45-a 

297 

291*5 

567 

58 

569 

11*1 

118 

1x5*8 

22*5 

178 

174*7 

34-0 

238 

233-6 

45-4 

298 

292-5 

56*9 

59 

579 

"•3 

119 

1168 

22-7 

179 

175-7 

34-2 

239 

2346 

45*6 

299 

2935 

57*1 

60 

58-9 

11-4 

120 

117*8 

22*9 

180 

176*7 

34*3 

240 

2356 

45-8 

300 

»94*5 

57-2 

0  arj  Dep. 

D.U- 

Oist 

Dep. 

O.Lai 

Dist 

1 
Dep,   D.  Lnr, 

Dist. 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.Lat 
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Oisr. 

D.Ui 

D«p. 

Dist 

D.  I<at. 

Dep. 

Dist. 

D.Lat. 

Dep. 

DlHt. 

D.Lat. 

Dep. 

DUt 

D.Lat. 

Dep. 

I 

i-o 

o'% 

61 

59*7 

12-7 

121 

ii8'4 

25*2 

181 

177*0 

37*6 

241 

*35'7 

50*1 

2 

2*0 

0-4 

62 

606 

12*9 

122 

119-3 

a5*4 

182 

178*0 

37*8 

242 

236*7 

50*3 

3 

a-9 

o'6 

63 

6r6 

13-1 

123 

X20-3 

25*6 

18:i 

179*0 

38*0 

243 

237*7 

50-5 

4 

J'9 

08 

64 

62-6 

13-3 

124 

121-3 

258 

184 

180-0 

383 

244 

2387 

50*7 

ft 

4'f 

I'O 

65 

63-6 

n-5 

125 

122-3 

26*0 

186 

x8i*o 

38-5 

245 

2396 

50*9 

« 

S'9 

1-2 

66 

64-6 

13-7 

1-26 

123*2 

26*2 

186 

i8i*9 

38*7 

246 

240*6 

51*1 

7 

(•)( 

«S 

67 

65s 

13-9 

127 

124*2 

26*4 

187 

182*9 

38*9 

247 

241-6 

5»*4 

8 

7-8 

1-7 

68 

66- 5 

14-1 

128 

125*2 

26*6 

188 

183*9 

39*1 

248 

142*6 

51*6 

9 

8-8 

«'9 

69 

67-5 

H-3 

1-29 

126*2 

26*8 

189 

184-9 

39*3 

249 

243*6 

51*8 

10 

9-8 

2*1 

70 

68- s 

14-6 

130 

127*2 

27*0 

190 

185-8 

39*5 

250 

»44'5 

51*0 

11 

io*8 

»*3 

71 

694 

14-8 

131 

128*1 

27*2 

191 

i86*S 

39*7 

251 

a45*5 

52*2 

12 

tvj 

a$ 

72 

70-4 

150 

132 

129*1 

27*4 

192 

187*8 

39*9 

252 

246- 5 

5a*4 

IS 

I2'7 

»-7 

73 

7»-4 

15-2 

133 

130*1 

27*7 

193 

1888 

40*1 

253 

a47*5 

52-6 

u 

13-7 

»'9 

74 

7»-4 

15-4 

134 

131*1 

27-9 

194 

1898 

40*3 

254 

2484 

52*8 

Id 

H'7 

31 

75 

73*4 

15-6 

i:i5 

132*0 

28*  1 

1»5 

190*7 

40*5 

255 

2494 

53*0 

16 

i$*7 

3' 3 

76 

74*3 

15-8 

136 

133*0 

28*3 

196 

191*7 

40-8 

256 

250*4 

53*2 

17 

i(-( 

3*5 

77 

75*3 

i6-o 

137 

134-0 

28*5 

197 

192*7 

41-0 

257 

251*4 

53*4 

18 

ir< 

3*7 

78 

76-3 

l6-2 

138 

135*0 

28-7 

198 

»93*7 

41-2 

258 

252*4 

53*6 

19 

li'S 

4-0 

79 

77-3 

i6'4 

139 

136*0 

28*9 

199 

«94*7 

41*4 

250 

»53*3 

53-8 

20 

19*6 

4-2 

80 

78-3 

i6-6 

140 

136-9 

29*1 

200 

195*6 

41*6 

260 

*54*3  1  541  1 

21 

20' 5 

4*4 

81 

79-2 

i6-8 

141 

137*9 

29-3 

201 

196*6 

418 

261 

a55-3  .  S4*3  1 

22 

21-5 

4-6 

82 

80'2 

17-0 

142 

138*9 

a9*5 

2(»2 

197*6 

42-0 

262 

256*3 

54*5 

2S 

22- 5 

4-8 

83 

8ri 

17-3 

143 

>39-9 

29*7 

203 

198*6 

42*2 

263 

a57*3 

54*7 

24 

ass 

5*0 

84 

82*2 

17-5 

144 

140*9 

299 

204 

»99*5 

42*4 

264 

258*2 

54*9 

25 

aVS 

5-a 

85 

831 

17-7 

145 

141*8 

30-1 

205 

200*5 

42-6 

265 

259-2 

55*1 

28 

i$'4 

5- 5 

86 

84-1 

17-9 

146 

142-8 

30*4 

206 

201*5 

42*8 

266 

260*2 

55*3 

27 

26'4 

5-6 

87 

85-1 

181 

N7 

143*8 

30*6 

207 

202*5 

43'o 

267 

261*2 

55*5 

28 

27-4 

S-8 

88 

86- 1 

18-3 

148 

144-8 

30*8 

208 

203*5 

43*a 

268 

262*1 

55*7 

29 

28-4 

0*0 

89 

87-1 

18-5 

149 

H5'7 

31*0 

20!l 

204*4 

43*5 

269 

263-1 

55*9 

80 
31 

29-3 

6a 

90 

880 

i8-7 

150 

146-7 

31-2 

210 

205*4 

43*7 

270 

264*1 

56*. 

303 

6-4 

91 

89*0 

18-9 

151 

H7-7 

3>*4 

211 

206*4 

43*9 

271 

265*1 

563 

32 

31-3 

6-7 

92 

90*0 

19*1 

152 

148*7 

31*6 

212 

207*4 

44*1 

272 

266-1 

56-6 

33 

3»-3 

6*9 

93 

91*0 

19-3 

153 

149-7 

31*8 

213 

2o8*3 

44*3 

273 

267-0 

568 

34 

33*3 

7-1 

94 

919 

»9'5 

154 

150-6 

32-0 

214 

2093 

44*5 

274 

268*0 

57-0 

35 

34'* 

7*3 

95 

92-9 

198 

155 

151-6 

32*2 

215 

210*3 

44*7 

275 

269*0 

57*2 

38 

35*2 

rs 

96 

939 

20-0 

156 

152-6 

31*4 

216 

211*3 

44*9 

276 

270*0 

57*4 

37 

36*2 

7'7 

97 

94-9 

20*2 

157 

153-6 

32*0 

217 

212*3 

45*» 

277 

270*9 

57*6 

38 

37*» 

7-9 

98 

959 

20*4 

158 

154*5 

32-9 

218 

213*2 

45*3 

278 

271*9 

57*8 

39 

381 

8-1 

99 

96*8 

20-6 

159 

155*5 

33*1 

219 

214*2 

45*5 

279 

272*9 

58*0 

40 
41 

39-1 

8-^ 

100 
101 

97-8 

20-8 

160 
161 

156*5 

33*3 

220 

215*2 

45*7 

280 

273*9 

58*2 

40' I 

8-5 

988 

21'0 

157*5 

33*5 

221 

2l6-2 

45*9 

-281 

»74-9 

58*4 

42 

411 

8-7 

102 

99*8 

21-2 

162 

158*5 

33*7 

2*22 

217*1 

46-2 

282 

275*8 

58-6 

4:i 

42-1 

8-9 

103 

ioo*7 

21-4 

163 

'59*4 

33*9 

223 

218*1 

464 

283 

276-8 

58-8 

44 

430 

9-» 

104 

101-7 

21-6 

164 

160*4 

34*1 

224 

219*1 

466 

284 

277-8 

59-0 

45 

44-0 

9'4 

105 

I02'7 

21-8 

166 

161*4 

34*3 

-225 

220*1 

46-8 

285 

278*8 

59*3 

46 

450 

9-6 

106 

103-7 

22'0 

166 

162*4 

34-5 

226 

221*1 

47-0 

286 

279*8 

59*5 

47 

46-0 

9-8 

107 

104-7 

22-2 

167 

163-4 

34*7 

227 

222*0 

47*2 

287 

»8o*7 

59*7 

48 

47-0 

10*0 

108 

105-6 

22-5 

168 

«64-3 

34*9 

2*28 

223*0 

47*4 

288 

281*7 

59*9 

49 

47*9 

10*2 

109 

106-6 

22-7 

169 

165-3 

35*1 

229 

224*0 

47*6 

289 

282*7 

60*1 

50 

489 

10*4 

110 

107-6 

22-9 

170 

166-3 

35*3 

230 

225*0 

47*8 

290 

283*7 

6o*3 

51 

49*9 

IO-6 

111 

I08-6 

23-1 

171 

167-3 

35*6 

231 

226*0 

48-0 

291 

284*6 

6o*5 

52 

509 

IO-8 

112 

109-6 

»3-3 

172 

i68-2 

35*8 

232 

226*9 

48*2 

292 

2856 

60-7 

58 

51-8 

ii-o 

113 

no*  5 

»3-5 

173 

169*2 

36-0 

233 

227*9 

48-4 

293 

286*6 

60-9 

54 

52-8 

II-2 

114 

111*5 

23-7 

174 

170-2 

36*1 

234 

228*9 

48-7 

294 

287-6 

61-1 

55 

53-8 

II-4 

115 

112-5 

»3'9 

175 

171*2 

36*4 

235 

229*9 

48-9 

295 

288*6 

61*3 

56 

54-8 

11-6 

116 

113-5 

24-1 

176 

172*2 

36*6 

236 

230-8 

49*1 

296 

289*5 

61-5 

57 

55-8 

11-9 

117 

114-4 

H-3 

177 

173-1 

36-8 

237 

231*8 

49*3 

297 

290*5 

6i*7 

58 

56-7 

12-1 

118 

115-4 

H'S 

178 

174*1 

37*0 

238 

232*8 

49*5 

298 

291-5 

62*0 

59 

57-7 

12-3 

119 

116-4 

a4-7 

179 

175*1 

37-2 

239 

233*8      49*7    1 

299 

292-5 

62-2 

00 

587 

I2'5 

120 

117-4 

24-9 

180 

176*1 

37*4 

240 

234*8 

49*9 

300 

293*4 

62*4 

Dist 

1 

Dep. 

D.Lat 

Dist 

Dep. 

D.La. 
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D«p. 

D.Ut. 

Dist. 

Dep. 

D.Lat. 
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Dep. 

D.Ut 
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Ditt.D.Ui 

'  Dep. 

Disi.  D.  Lat. 

Dep. 

DisT 

.  D.  Ut 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist  D.  I^it 

.   Dep. 

1 

ro 

o-a 

61 

59*4 

«3-7 

121 

117-9 

27-2 

181 

176-4 

40-7 

241 

234-8 

54*2 

8 

»'9 

0-4 

63 

6o'4 

13-9 

122 

118-9 

27-4 

182 

177*3 

40-9 

242 

235*8 

54*4 

S 

2-9 

0-7 

63 

61-4 

14-2 

123 

119*8 

27-7 

183 

178-3 

41-2 

243 

236-8 

54'7 

4 

3*9 

0-9 

64 

624 

14-4 

124 

I20-8 

27-9 

184 

179*3 

4«*4 

244 

237*7 

54*9 

ft 

4'9 

1*1 

68 

63-3 

14-6 

125 

iai-8 

28*1 

185 

180-3 

41*6 

245 

238-7 

55*1 

6 

5-8 

»-3 

66 

64-3 

14-8 

126 

122-8 

28-3 

186 

181-a 

41*8 

246 

239-7 

55*3 

7 

6-8 

1-6 

67 

65-3 

151 

127 

123-7 

28-6 

187 

iSa-a  !  42-1 

247 

240*7 

55-6 

8 

7« 

1:8 

68 

66-3 

»5-3 

128 

124-7 

288 

188 

183-2  '  42*3 

248 

241*6 

55-8 

9 

8-8 

a-o 

69 

67*2 

15-5 

129 

125-7 

29-0 

189 

184-2 

42-5 

249 

242-6 

56-0 

10 
11 

97 

a*a 

70 

68-2 

»5-7 

130 

126*7 

29*2 

190 

185*1 

42-7 

250 

243-6 

56-2 

10-7 

a-5 

71 

69*2 

i6-o 

131 

127*6 

29-5 

191 

186- 1 

43 -o 

261 

244*6 

56*5 

12 

11-7 

*•? 

72 

70*  a 

l6'2 

132 

ia8-6 

29-7 

192 

187-1 

43*» 

252 

H5'5 

56*7 

13 

IZ7 

29 

73 

71-1 

i6-4 

133 

129*6 

29-9 

193 

188-1 

43*4 

253 

246*5 

56-9 

14 

IJ'O 

31 

74 

7a' 1 

i6'6 

134 

130-6 

30-1 

194 

189-0 

43*6 

264 

H7-5 

57*1 

15 

146 

34 

76 

73* » 

1 6*9 

135 

131-5 

30*4 

195 

190*0 

43*9 

255 

248*5 

57*4 

16 

156 

3-6 

76:    74-1 

17-1 

136 

132-5 

30-6 

196 

191-0 

44*1 

266 

^49*4 

57-6 

17 

i6-6 

3-8 

77 

75-0 

17*3 

137 

133-5 

30-8 

197 

192-0 

44*3 

257 

250-4 

57*8 

18 

»7-S 

4-0 

78 

76*0 

^rs 

138 

U4*5 

31-0 

198 

192-9 

44*5 

258 

251*4 

58-0 

19 

iS-5 

43 

79 

77-0 

17-8 

139 

»3r4 

31-3 

199 

193-9 

44*8 

259 

252*4 

58-3 

20 

'9'5 

4*5 

80 

78*0 

18*0 

140 

136-4 

31*5 

200 

194-9 

45-0 

260 

a53-3 

58-5 

31 

20*5 

4*7 

81 

78-9 

i8*a 

141 

137*4 

31-7 

201 

195-8 

45*a 

261 

454*  3 

58-7 

tt 

21-4 

4*9 

82 

79'9 

18-4 

142 

138-4 

31-9 

202  ■  196-8 

45*4 

262 

255-3 

589 

n 

21-4 

5-a 

83 

80*9 

18-7 

143 

139-3 

32-2 

203 

197-8 

45*7 

263 

256-3 

59*2 

U 

*3-4 

5*4 

84 

8r8 

18-9 

144 

140-3 

31*4 

204 

198*8 

45*9 

264 

257*2 

59*4 

•ia 

H> 

5-6 

85 

82-8 

19-1 

145 

141-3 

32-6 

205 

199*7 

46-1 

265 

258*2 

59-6 

fS 

»5-3 

5-8 

86 

83-8 

19-3 

146 

142-3 

32-8 

206 

200-7 

46-3 

266 

259-2 

59*8 

•n 

26' 3 

6-1 

87 

84*8 

19-6 

147 

143-2 

33*1 

297 

201'7 

46-6 

267 

260*2 

60-1 

28 

»7'3 

6-3 

n      85-7 

19-8 

148 

i44-a 

33*3 

208 

202*7 

46-8 

268 

261*1 

60-3 

39 

28-3 

6.5 

89 

86-7 

ao'o 

149 

i45'a 

33*5 

209 

203-6 

47-0 

269 

262-1 

60-5 

30 

29's 

6-7 

90 
91 

87-7 

20*2 

150 

146-a 

33*7 

210 

204-6 

47*2 

270 

263-1 

60-7 

31 

30*2 

7-0 

88-7 

20-5 

151 

147-1 

34-0 

211 

205-6 

47*5 

271 

264*1 

61-0 

32 

31-2 

7*2 

92 

89-6 

ao-7 

152 

148-1 

34*2 

212 

206-6 

47*7 

272 

265*0 

61*2 

33 

3a*2 

7-4 

93 

90*6 

ao'9 

153 

149-1 

34*4 

213 

207-5 

47*9 

273 

266-0 

61*4 

34 

331 

7-6 

94 

91*6 

ai'i 

154 

150-1 

34-6 

214 

208 '5 

48*1 

274 

267-0 

61*6 

35 

J41 

7*9 

95 

92*6 

ai-4 

155 

151*0 

34*9 

215 

209*5 

48-4 

275 

268-0 

61-9 

38 

35» 

8*1 

96 

935 

ar6 

166 

i5a-o 

35*1 

216 

210-5 

48*6 

276 

268*9 

62-1 

37 

36- 1 

8-3 

97 

945 

ai-8 

157 

153-0 

35*3 

217 

211*4 

488 

277 

269*9 

62-3 

38 

370 

8-5 

98 

95*5 

aa*o 

156 

154-0 

35*5 

218 

212*4 

49*o 

978 

270*9 

62*5 

39 

38-0 

8-8 

99 

96- 5 

aa"3 

159 

>54"9 

35-8 

219 

213*4 

49-3 

979 

271*9 

62-8 

40 

390 

9-0 

100 

97*4 

aa-5 

160 

155*9 

36-0 

220 

214*4 

49*5 

280 

272*8 

63-0 

41 

399 

9* 

101 

984 

aa-7 

161 

156-9 

36-2 

221 

215*3 

49*7 

281 

273*8 

63*2 

42 

40-9 

9*4 

102 

99*4 

aa*9 

162 

157-8 

36-4 

222 

2i6'3 

49'9 

282 

274*8 

63-4 

43 

4»-9 

9*7 

103 

ioo'4 

^3*2 

163 

158*8 

36-7 

223 

217*3 

50*2 

283 

275-7 

«3*7 

44 

4»-9 

9*9 

104 

101-3 

a3-4 

164 

1598 

36-9 

294 

218*3 

50-4 

284 

276*7 

63-9 

45 

43X 

lo-i 

106 

ioa'3 

23*6 

165 

i6o-8 

37*1 

225 

219-2 

50*6 

285 

277*7 

641 

48 

44-8 

io*3 

106 

103  3 

23-8 

166 

161-7 

37*3 

226 

220*a 

50-8 

286 

278-7 

64*3 

47 

45-8 

10*6 

197 

104-3 

a4-i 

W 

162-7 

37-6 

227 

221*1 

51-1 

287 

279*6 

64*6 

48 

46-8 

ic«8 

106 

los-a 

»4-3 

168 

163-7 

37*8 

228 

222*2 

51*3 

288 

280-6 

64-8 

49 

47*7 

ii-o 

109 

io6-a 

»4'5 

169 

164-7 

38-0 

229 

223*1 

51*5 

289 

281*6 

65*0 

50 
51 

48-7 

11*2 

no 

107-2 

a4-7 

170 

1656 

38-a 

230 

224*1 

51*7 

290 

282-6 

65-2 

49"  7 

11-5 

111 

]o8*a 

a5'o 

171 

166-6 

38-5 

231 

22  5"  I 

52-0 

291 

283*5 

65-5 

52 

50-7 

11-7 

112 

109- 1 

a5-a 

172 

167-6 

38-7 

232 

226-1 

52*2 

292 

284-5 

65-7 

53 

516 

ii'9 

113 

llO'l 

»5-4 
25-6 

173 

168-6 

389 

233 

227-0 

5a*4 

293 

285-5 

65-9 

54 

52-6 

12-1 

114 

iii'i 

174 

169-5 

39*1 

234 

228-0 

52-6 

294 

286-5 

66-1 

55 

53-6 

12-4 

115 

1 12-1 

25-9 

176 

170-5 

39'4 

235 

229-0 

52-9 

295 

287*4 

66-4 

58 

54-6 

12-6 

116 

113-0 

a6*i 

176 

171-5 

39.6 

236 

230-0 

53*1 

296 

288-4 

66-6 

87 

55-5 

12-8 

117 

114*0 

26-3 

177 

172-5 

39*8 

237 

230-9 

53*3 

297 

2894 

66*8 

58 

56-5 

130 

118 

115*0 

26.5 

178 

173*4 

40*0 

238 

231-9 

53*5 

298 

290*4 

67-0 

59 

K'^ 

13-3 

119 

116-0 

268 

179 

174*4 

40-3 

239 

232*9 

53*8 

209 

191*3 

67-3 

00 

58-5 

n'5 

120 

1 16-9 

27*0 

180 

175*4 

40-5 

240 

Dist. 

233-8 

54-0 

300 

292-3 

67-5 

Dm. 

■  1 

Dep, 

D.Lai 

Ditt 

Dep. 

D.Lat 

Dist. 

Dep. 

D.  Lat. 

Dep. 

D.  Lat. 

Diat. 

Dep. 

D.  Lat. 

1                                                                 77°^                                                    /i^S"    1 

452 


TABLE  2 


• 

TRAVERSB  TABLE  TO  DEGREES                                             | 

14°                                                  0»»56»    1 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lat' Dep. 

Dist 

D.  Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.  Lat. 

Dep. 

1 

I'O 

0*2 

61 

59-2 

14-8 

121 

117*4 

29*3 

181 

175-6 

43-8 

241 

2338 

58-3 

2 

1.9 

0-5 

62 

6o-2 

15-0 

122 

ii8*4 

29-5 

182 

176-6 

44*o 

242 

234*8 

58*5 

3 

2-9 

0-7 

63 

6i'i 

15-2 

123 

119-3 

29-8 

183 

177-6 

44-3 

243 

2358 

58-8 

4 

3-9 

I'O 

64 

62*1 

^55 

124 

120-3 

30-0 

184 

178-5 

44*5 

244 

236-8 

59*o 

6 

4*9 

I'2 

65 

Syi 

157 

125 

12I*3 

30*2 

185 

^79-5 

44-8 

245 

237.7 

59*3 

(S 

5« 

^•5 

66 

64*0 

i6-o 

126 

122-3 

30*5 

186 

i8o'5 

450 

246 

238*7 

59*5 

7 

6-8 

1-7 

67 

65*0 

l6'2 

127 

123-2 

30-7 

187 

181*4 

45** 

247 

239*7 

59*» 

8 

7-8 

1-9 

68 

6o*o 

i6'5 

128 

124*2 

31-0 

188 

182-4 

45-5 

248 

240*6 

60*0 

9 

8-7 

2*2 

69 

67-0 

i6*7 

129 

125*2 

31-2 

189 

183-4 

457 

249 

241*6 

60*2 

10 

97 

2'4 

70 

67-9 

16-9 
17*2 

130 

126-1 

3»-4 

190 

1844 

46*0 

250 

242*6 

6o*5 

U 

io*7 

2-7 

71 

689 

131 

127*1 

31-7 

191 

185-3 

46*2 

251 

243*5 

60-7 

12 

H'6 

2-9 

72 

69-9 

17-4 

132 

128-1 

31-9 

192 

186-3 

46*4 

252 

»44-5 

61*0 

13 

iz-6 

31 

73 

70-8 

17*7 

133 

129*0 

322 

193 

187*3 

46-7 

253 

a45-5 

61*2 

14 

13*6 

3*4 

74 

71-8 

17*9 

134 

130-0 

3^-4 

194 

188-2 

469 

264 

246-5 

61*4 

15 

14*6 

3-6 

76 

72-8 

i8*i 

135 

131*0 

327 

195 

189-2 

47  •» 

255 

247-4 

61*7 

16 

15-5 

3*9 

76 

73*7 

i8*4 

136 

132-0 

32-9 

196 

190-2 

47-4 

256 

248*4 

61*9 

17 

i6-5 

4*1 

77 

74'7 

i8-6 

137 

132-9 

33"  I 

197 

191-1 

477 

257 

249*4 

62*2 

18 

>7*5 

4*4 

78 

75*7 

18*9 

138 

'33*9 

33*4 

198 

192-1 

47-9 

258 

250*3 

62*4 

19 

i8*4 

4-6 

79 

76-7 

19*1 

139 

134*9 

33.6 

199 

1931 

481 

269 

251*3 

62*7 

20 

19-4 

4-8 

80 

77-6 

19-4 

140 

135-8 

339 

200 

194- 1 

48-4 

260 

252-3 

62*9 

21 

20'4 

5*1 

81 

78-6 

19*6 

141 

136-8 

341 

201 

195*0 

48-6 

261 

253*2     63-1  1 

22 

ai'3 

5'3 

82 

796 

19*8 

142 

137-8 

34*4 

202 

196-0 

489 

262 

254-2     63-4  1 

23 

22*3 

5-6 

83 

3o'5 

20*1 

143 

138-8 

34-6 

203 

197*0 

49*1 

263 

2552 

636 

24 

23-3 

5-8 

84 

81-5 

20*3 

144 

139-7 

34-8 

204 

197-9 

49*4 

264 

256*1 

639 

26 

24-3 

6-0 

85 

82-5 

20*6 

145 

140-7 

35*1 

205 

198-9 

49-6 

265 

257*1 

64*1 

26 

252 

6-3 

86 

83-4 

20-8 

!46 

141-7 

35*3 

206 

1999 

49-8 

266 

258*1 

64*4 

27 

26*2 

6-5 

87 

84*4 

21-0 

147 

142-6 

35-6 

207 

200*9 

50*1 

267 

259*1 

64*6 

28 

27*2 

6-8 

88 

85-4 

21*3 

148 

1436 

35-8 

208 

201*8 

50*3 

268 

260-0 

64*8 

29 

2S-I 

7*0 

89 

86-4 

21*5 

149 

1446 

36*0 

209 

202-8 

50-6 

269 

261-0 

65*1 

30 

29*1 

7*3 

90 

87-3 

2X-8 

150 

145-5 

36*3 

210 

203-8 

50-8 

270 

262-0 

65-3 

31 

30- X 

7-5 

91 

88-3 

22*0 

151 

146-5 

36-5 

211 

204*7 

51-0 

271 

263-0 

656 

32 

31-0 

7*7 

92 

89-3 

22-3 

152 

H7'S 

368 

212 

205-7 

51*3 

272 

2639 

65*8 

33 

32*0 

8-0 

93 

90*2 

22*5 

153 

148-5 

370 

213 

206*7 

51*5 

273 

264-9 

66-0 

34 

33.0 

8-2 

94 

91*2 

22*7 

154 

149*4 

37*3 

214 

207  6 

51*8 

274 

265-9 

66-3 

36 

34-0 

8-5 

96 

92-2 

23-0 

155 

150-4 

37-5 

215 

208-6 

52*0 

275 

266-8 

66*5 

30 

34'9 

8-7 

96 

93- 1 

23-2 

166 

151*4 

377 

216 

209*6 

5*'3 

276 

267*8 

66*8 

37 

35*9 

9'o 

97 

94-1 

23-5 

157 

152-3 

38-0 

217 

210-6 

5^-5 

277 

268-8 

67*0 

38 

36-9 

9-2 

98 

95-1 

23*7 

158 

153*3 

38*2 

218 

211*5 

52*7 

278 

269-7 

67-3 

39 

37-8 

9'4 

99 

96*1 

24-0 

159 

1543 

38-5 

219 

212*5 

53-0 

279 

270-7 

67*5 

40 

38-8 

9-7 

100 

97-0 

24-2 

160 

155-2 

387 

220 
221 

ai3-5 

53'* 

280 

271-7 

67*7 

41 

39-8 

9*9 

101 

98*0 

24-4 

161 

156-2 

389 

214*4 

53'S 

281 

272*7 

68-0 

42 

40-8 

10*2 

102 

990 

24*7 

162 

157*2 

39.2 

222 

215-4 

537 

282 

«73'6 

68-2 

43 

4  J -7 

10*^ 

103 

99*9 

24*9 

163 

158*2 

39*4 

223 

216-4 

53*9 

283 

174-6 

68-5 

44 

4*-7 

io'6 

104 

ico*9 

25*2 

164 

1591 

397 

224 

217*3 

54*a 

284 

275*6 

68-7 

45 

43-7 

10-9 

105 

ioi'9 

*5-4 

165 

i6o*i 

,9.9 

225 

218*3 

54*4 

285 

276*5 

68*9 

48 

44.6 

ii-i 

106 

I02'9 

25-6 

166 

i6i-i 

40*2 

226 

219*3 

547 

286 

177*5 

69-1 

47 

45*6 

11-4 

107 

103-8 

259 

167 

162-0 

404 

227 

220*3 

54*9 

287 

278-5 

69-4 

48 

46 -6 

ix-6 

108 

104*8 

261 

168 

163*0 

40-6 

228 

221-2 

55'» 

2«IP    ^79*4 

69*7 

49 

47-5 

11-9 

109 

105-8 

26*4 

169 

164*0 

40*9 

229 

222*2 

55*4 

28&    2804 

69-9 

50 

48s 

I2'l 

110 

io6»7 

26-6 

170 

164-9 

41*1 

230 

223*2 

55-6 

290 
291 

281*4 

70*2 

61 

49*5 

12*3 

111 

107-7 

26-9 

171 

165-9 

41*4 

231 

224*1 

55*9 

282-4 

70*4 

52 

505 

12-6 

112 

108-7 

27*1 

172 

166*9 

41-6 

232 

225*1 

S6-1 

292 

283*3 

70*6 

53 

5«-4 

12*8 

113 

109*6 

27*3 

173 

167-9 

41*9 

233 

226*1 

56*4 

293 

284*3 

70*9 

64 

5? '4 

13-1 

114 

110-6 

27-6 

174 

168-8 

42*  1 

234 

227*0 

566 

294 

185*3 

71*1 

55 

53*4 

13-3 

115 

111*6 

27*8 

175 

169-8 

42-3 

235 

228*0 

5^*9 

295 

2862 

7«*4 

58 

54*3 

'3*5 

116 

112*6 

28*1 

176 

170*8 

42*6 

236 

229-0 

57*1 

296 

287*2 

71*6 

67 

55*3 

13-8 

117 

113-5 

28-3 

177 

171*7 

42-8 

237 

230^0 

57*3 

297 

288-2 

71-9 

58 

56*3 

140 

118 

114*5 

28- «; 

178 

172*7 

43-1 

238 

230-9 

57-6 

298 

289*1 

72*1 

69 

57-2 

14-3 

119 

115-5 

28  8 

179 

173*7 

43*3 

*i39 

231-9 

57-8 

299 

290*1 

7a*3 

80 

58-2 

H'S 

120 

116-4 

29-0 

180 

"747 

43*5 

240 

2329 

58-1 

300 

291-1 

72*6 

Diat. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.Lat 

Di:it 

Dep. 

D.  Lat 

DUt 

Dep. 

D.Lat   Dist 

Dep. 

D.Lai. 
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TABLE  2 
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TRAVERSE  TABLE  TO  DEGREES 

13°                                                                 Ih  0" 

Dist!D.Ut 

1 

Dep. 

Dist  D.Lnt 

Dep. 

Dist 

.  D.  Lat 

Dep. 

Dist 

.  D.  Lat 

,    Dep. 

Dist  D.  Lat   Dep.  | 

1 

I'O 

03 

61 

589 

15*8 

121 

116*9 

31*3 

181 

174-8 

468 

241 

232*8     62*4  1 

2 

1-9 

05 

62 

59*9 

160 

122 

1178 

31*6 

182 

175*8 

47*1 

242 

233-8 

626 

3 

2-9 

0-8 

iili 

6o*9 

i6*3 

123 

]i8*8 

318 

183 

176*8 

47'4 

243 

234*7 

62-9 

4 

39 

I'O 

04 

6i-8 

16-6 

124 

119*8 

32*1 

184 

177*7 

476 

244 

235*7 

63-2 

5 

4-8 

1-3 

65 

62-8 

168 

125 

120*7 

32*4 

185 

178-7 

47'9 

246 

236*7 

63*4 

6 

5-8 

1-6 

66 

63-8 

17*1 

126 

121-7 

32-6 

186 

179*7 

48-1 

246 

2376 

63-7 

7 

63 

1-8 

67 

64-7 

17-3 

127 

122*7 

32*9 

187 

iSo-6 

48-4 

247 

238-6 

63*9 

8 

7*7 

2-1 

(m 

657 

17*6 

128 

123*6 

33*1     188 

181*6 

48*7 

248 

239*5 

64-2 

9 

• 

23 

6!l 

66-6 

17*9 

129 

R4-6 

33*4     I8f» 

182*6 

48*9 

249 

240*5 

64-4 

10 

9-7 

2-6 

70 

676 

i8j 

130 

125*6 

33*6     190 

183-5 

492 

260 

241-5 

64-7 

11 

iO'6 

2-8 

71 

ea-e 

184 

131 

126-5 

33'9 

191 

184-5 

49  4 

251 

242*4 

650 

12 

ii'6 

3-1 

72 

69- s 

i8-6 

132 

1275 

34a 

192 

185*5 

49-7 

252 

243-4 

65*2 

13 

12-6 

3*4 

73 

70-5 

i8*9 

133 

128-5 

34"4 

193 

186*4 

50-0 

253 

244*4 

65*5 

11 

ns 

3-6 

74 

71-5 

19-2 

134 

129-4 

34*7 

194 

187*4 

50*2 

254 

245-3 

65*7 

15 

H'5 

3'9 

75 

7a-4 

19-4 

135 

1304 

34*9 

195 

188-4 

50*5 

255 

246- 3 

660 

16 

'5-5 

4> 

76 

73*4 

197 

136 

1314 

35-2 

196 

189-3 

50-7 

256 

247-3 

66-3 

17 

x6-4 

4-4 

77 

74*4 

19*9 

137 

132*3 

35*5 

197 

190*3 

51*0 

267 

248*2 

66*5 

18 

17-4 

4*7 

7« 

75*3 

20'2 

138 

133*3 

35*7 

198 

19x3 

51*2 

258 

249*2 

66*8 

19 

18-4 

4-9 

79 

76-3 

20*4 

139 

134-3 

36*0 

199 

192*2 

5J*5 

259 

250*2 

67*0 

20 
21 

19-3 

5» 

80 

77*3 

20*7 

140 

135-2 

36*2 

200 

193-2 

51*8 

260 

251-1 

67*3 

20"3 

5-4 

81 

78-2 

21*0 

141 

136*2 

365 

201 

X94-2 

52*0 

261 

252*1 

67*6 

22 

21-2 

S'7 

82 

79'» 

21*2 

142 

137*2 

368 

202 

195*1 

52*3 

262 

253*1 

67*8 

23 

22 '2 

6-0 

83 

8o-2 

21*5 

143 

1381 

37*o 

203 

196*1 

5»*5 

263 

2540 

68*1 

24 

a3'2 

6-2 

84 

8i-i 

21*7 

144 

139*1 

37*3 

204 

197-0 

52-8 

264 

255*0 

68*3 

25 

24- 1 

f5 

85 

82-1 

22*0 

145 

140*1 

37*5 

206 

198*0 

53*1 

266 

256*0 

68*6 

26 

25'I 

6-7 

86 

83-1 

22*3 

146 

141*0 

37*8 

206 

199-0 

53*3 

266 

256*9 

68*8 

27 

a6'i 

70 

87 

84*0 

22*5 

147 

142*0 

38*0 

207 

199*9 

53-6 

267 

257-9 

69*1 

28 

a7*o 

7*2 

88 

85-0 

22*8 

148 

143-0 

38*3 

208 

200*9 

53-8 

268 

258-9 

69*4 

29 

28-0 

rs 

89 

86-0 

23*0 

149 

143*9 

38-6 

209 

201'9 

54-1 

269 

259*8 

696 

30 

29*0 

7-S 

90 

86*9 

a3'3 

150 

144-9 

38*8 

210 

202-8 

544 

270 
271 

260-8 

69-9 

31 

29.9 

8-0 

91 

879 

23-6 

151 

J4S-9 

39*1 

211 

203 -8 

54-6. 

261*8 

70*1 

32 

30-9 

8-3 

92 

88-9 

23-8 

152 

146*8 

39*3 

212 

204*8 

54*9 

272 

262*7 

70-4 

33 

319 

»-5 

93 

898 

24*1 

153 

147*8 

39*6 

213 

205*7 

55*1 

273 

263*7 

70-7 

34 

32-8 

8-8 

94 

90-8 

a4-3 

154 

148*8 

39*9 

214 

206-7 

55*4 

274 

264-7 

70*9 

35 

33-8 

91 

95 

91*8 

246 

156    149-7 

40*1 

216 

207-7 

55*6 

275 

265-6 

71*2 

36 

34-8 

9*3 

96 

92-7 

248 

166    150*7 

40-4 

216 

2o8-6 

55-9 

276 

266*6 

71*4 

37 

35-7 

9*6 

97 

937 

25*1 

157 

151*7 

40*6 

217 

209-6 

56-2 

277 

267*6 

71*7 

38 

367 

9-8 

98 

94'7 

»5-4 

168 

152*6 

40*9 

218 

210*6 

5^*4 

278 

268-5 

72-0 

39 

37*7 

IO*I 

99 

956 

25*6 

169 

153*6 

41-2 

219 

211*5 

56*7 

279 

269*5 

72*2 

40 
41 

38-6 

io*4 

100 

96-6 

25*9 

160 

154*5 

4«-4 

220 
221 

212*5 

56*9 

280 

270-5 

72-5 

39-6 

io*6 

101 

976 

26-1 

161 

»55-5 

41*7 

213-5 

57*a 

281 

271*4 

72-7 

42    4o*6| 

io'9 

102 

98-5 

26*4 

162 

156*5 

41*9 

222 

214*4 

57*5 

282 

272*4 

73*o 

43 

41-5 

ii'i 

103 

995 

26*7 

163 

X57*4 

42*2 

223 

215*4 

57*7 

283 

273*4 

73*2 

44 

42-5 

11-4 

104 

ioo*5 

26*9 

164 

158*4 

42*4 

224  1  216*4 

58-0 

284 

274*3 

73*5 

45 

43-5 

II-6 

106 

101*4 

27*2 

166 

159*4 

42*7 

226    217*3 

58*2 

286    275-3  1 

73*8 

46 

44*4 

11-9 

106 

102*4 

27-4 

166 

i6o'3    43*0  1 

226 

2i8'3 

58-5 

286 

276-3 

74*o 

47 

45-4 

12*2 

107 

103*4 

27*7 

167 

i6i*3 

43*2 

227 

219*3 

588 

287 

277-2 

74*3 

48 

46-4 

12-4 

108 

104*3 

28*0 

168 

162*3 

435 

228 

220'2 

59*0 

288 

278*2 

74*5 

49 

47-3 

12*7 

109 

105*3 

28*2 

169 

163*2 

43*7 

229 

221*2 

59*3 

«89 

279*2 

74*8 

50 

48-3 

12*9 

no 

106*3 

28*5' 

170 

164*2 

44*0 

230 

222*2 

59*5 

290 

280*1 

75*1 

51 

49*3 

13-2 

111 

107*2 

28*7 

171 

165-2 

44'3 

231 

223*1 

59-8 

291 

281*1 

75*3 

62 

50*2 

'3-5 

112 

io8*2 

29*0 

172 

i66-i 

44*5 

232 

224-1 

6o-o 

292 

282*1 

75*6 

53 

51-2 

13-7 

113 

109*1 

29-2 

173 

167*1 

44*8 

2.33 

225*1 

60*3 

293 

283*0 

75-8 

54 

52-2 

14*0 

\\4 

no*  I 

29*  5 

174 

168*1 

45*0 

234 

226*0 

60*6 

294 

284-0 

76*1 

55 

53-x 

142 

115 

III*I 

29-8 

176 

169*0 

45*3 

235 

227*0 

6o*8 

295 

284*9 

76*4 

56 

S4-I 

14- 5 

116 

112*0 

30*0 

176 

170*0 

45-6 

230 

228*0 

61-1 

296 

285-9 

76*6 

57 

55-1 

14-8 

117 

113*0 

30-3 

177 

171*0 

45-8 

237 

228-9 

6i*3 

297 

286*9 

76-9 

58 

56*0 

15-0 

118 

114*0 

30*5 

178 

171-9 

46-1 

238 

229-9 

6i*6 

298 

287-8 

77-1 

59 

57-0 

15-3 

119 

114-9 

30*8 

179 

172*9 

46-3 

239 

230-9 

61*9 

299 

288*8 

77-4 

00 

58-0 

IS  5 

120 

115*9 

3'-i 

180 

'73*9 

46*6 

240 

231*8 

62*1 

300 

289*8 

77*6 

Ditt 

Dep. 

n.Lat 

Di«U 

Dep. 

D.Lat 

Dist. 

Dnp. 

.0.  Lot. 

Dist.    Dep.    D.Lat 

Dist. 

Dep. 

D.Lat 

L 
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16° 

Ih4« 

Ditt. 

D.Ut 

Dep. 

Dist. 

D.  Lai. 

Dep. 

Dist' D.Lat 

1 

Dep. 

Dist^D.  Lat. 

Dep. 

Dist 

D.Ut. 

Dep. 

1 

I'O 

0-3 

61 

58-6 

i6*8 

1*21 

116*3 

33*4 

181 

174-0 

49*9 

241 

231-7 

66*4 

2 

i'9 

0-6 

62 

59-6 

17-1 

122 

117*3 

336 

182 

174*9 

50-2 

242 

232*6     66*7  1 

3 

»*9 

0-8 

63 

6o-6 

17*4 

123 

ii8-2 

33*9 

183 

175*9 

50-4 

243 

233*6 

67-0 

4 

3-8 

I'l 

64 

6,-5 

17*6 

124 

1x9*2 

34*  a 

184 

176-9 

50-7 

244 

234*5 

67*3 

5 

4-8 

1*4 

65 

62*5 

17*9 

125 

I20'2 

34*5 

185 

177*8 

51*0 

245 

235*5 

67*5 

6 

5-8 

i"7 

66 

^3*4 

18-2 

1-26 

121*1 

34-7 

186 

1788 

51*3 

246 

236-5 

6r8 

7 

6-7 

''9 

67 

64-4 

18*5 

127 

122*1 

35*o 

187 

179-8 

51-5 

247 

*37*4 

68m 

8 

7*7 

2»2 

68 

65*4 

i8-7 

128 

123*0 

35*3 

188 

180-7 

51-8 

248 

238*4 

68-4 

9 

8-7 

2-5 

69 

66-3 

19-0 

129 

124*0 

3S-6 

189 

181-7 

52-1 

249 

a39*4 

68-6 

10 

9-6 

2-8 

70 

67-3 

'9*3 

130 
131 

125*0 

35*8 

190 

1826 

52-4 

250 

240-3 

68-9 

11 

io*6 

3*0 

71 

68-2 

19*6 

1259 

36*1 

191 

183-6 

52-6 

251 

241-3 

69-2 

12 

"'5 

3*3 

72 

69-2 

19*8 

132 

126-9 

36-4 

192 

184*6 

5»*9 

252 

242*2 

69-5 

13 

12'5 

3-6 

73 

70*2 

20-1 

133 

127-8 

36-7 

193 

185-5 

53** 

253 

243*2 

69*7 

14 

13-5 

3*9 

74 

71-1 

20*4 

134 

128*8 

36-9 

194 

186*5 

53*5 

254 

244*2 

70*0 

15 

H'4 

4' I 

75 

72' I 

20-7 

135 

129*8 

37-2 

195 

187*4 

53*7 

255 

245-1 

70-3 

16 

15*4 

4*4 

76 

73*1 

20'9 

136 

130*7 

37*5 

196 

188*4 

54-0 

256 

246*1 

70-6 

17 

i6*3 

4' 7 

77 

74*o 

21*2 

137 

131*7 

37*8 

197 

189*4 

54*3 

257 

247-0 

70-8 

18 

17-3 

5-0 

78 

75*0 

21-5 

138 

132-7 

38-0 

198 

190-3 

54*6 

258 

248*0 

71-1 

19 

i8-3 

5-2 

79 

75*9 

21-8 

139 

133*6 

38*3 

199 

19X-3 

54*9 

259 

249-0 

71*4 

20 
21 

19-1 

5*5 

80 

769 

22*1 

140 

134-6 

38-6 

200 
201 

192-3 

55*1 

2G0 

2499 

71*7 

10*2 

5-8 

81 

77*9 

22*3 

141 

135*5 

38*9 

193-2 

55*4 

261 

250-9 

71-9 

22 

ai'i 

6-1 

82 

78-8 

22*6 

142 

136-5 

39* « 

202 

194-2 

55*7 

262 

251-9 

72-2 

23 

21*1 

6-3 

83 

79*8 

22-9 

143 

137-5 

39*4 

203 

195*1 

56-0 

263 

252-8 

72-5 

24 

23-1 

6-6 

84 

80-7 

23*2 

144 

138-4 

39*7 

204 

196-1 

56-2 

264 

253*8 

72-8 

25 

24*0 

6-9 

85 

81-7 

aS*4 

145 

139*4 

40-0 

205 

197-1 

56*5 

265 

*54*7 

730 

26 

25*0 

7-2 

86 

82-7 

23-7 

146 

140*3 

40*2 

206 

198-0 

56-8 

266 

*55*7 

73*3 

27 

26'0 

7'4 

87 

83*6 

24*0 

147 

HI*  3 

40*5 

207 

199-0 

57*1 

267 

256*7 

73*6 

28 

a6'9 

7-7 

88 

846 

H*3 

148 

i4»*3 

40-8 

208 

199-9 

57*1 

268 

257*6 

73*9 

29 

27'9 

8-0 

89 

85-6 

H*5 

149 

143-2 

411 

209 

200-9 

57*6 

269 

258*6 

74*1 

30 
31 

28-8 

8-3 

90 

865 

24-8 

150 
151 

144-2 

41*3 

210 

20Z-9 

57*9 

270 

»5r5 

74*4 

29*8 

8-5 

91 

87-5 

25-1 

H5a 

41-6 

211 

202-8 

58*2 

271 

260*5 

74*7 

32 

30-8 

8-8 

92 

88-4 

»5'4 

152 

146-1 

41*9 

212 

203*8 

58*4 

272 

261*5 

75*0 

33 

31*7 

9*1 

93 

89*4 

25*6 

153 

147-1 

42-2 

213 

204-7 

58-7 

273 

262-4 

75*» 

84 

32*7 

9'4 

94 

904    15-9 

154 

148*0 

42-4 

214 

205-7 

590 

274 

263*4 

75*5 

35 

33*6 

9-6 

95 

91-3    26-2 

155 

149-0 

42-7 

215 

206-7 

59*3 

275 

264*3 

75-8 

38 

34-6 

9*9 

96 

9**  3 

26*5 

156 

150-0 

43 -o 

216 

207-6 

59*5 

276 

265*3 

76-1 

37 

35*6 

IO'2 

97 

93'a 

26*7 

157 

150-9 

43*3 

217 

208 '6 

59*8 

277 

266*3 

76*4 

38 

36' 5 

10-5 

98 

94-2 

27*0 

158 

151-9 

43*6 

218 

209*6 

60*1 

278 

267*2 

76-6 

39 

37*5 

io*7 

99 

952 

27*3 

159 

152*8 

43*8 

219 

210*5 

60*4 

279 

268*2 

76*9 

40 

38-5 

IX'O 

100 

96' 1 

27*6 

160 

153-8 

44-1 

220 

211-5 

60-6 

280 

269*2 

77*2 

41 

394 

"•3 

101 

97-1 

27*8 

161 

154-8 

44*4 

221 

212*4 

6o*9 

281 

270*1 

77*5 

42 

40-4 

11-6 

102 

98*0 

28*1 

162 

'55*7 

44*7 

222 

213-4 

61*2 

282 

271*1 

77*7 

43 

41-3 

11*9 

103 

990 

28*4 

163 

156-7 

44*9 

223 

214-4 

61*5 

283 

272*0 

78*0 

44 

42-3 

I2'l 

104 

lOO'O 

»8*7 

164 

157*6 

45* 

2-24 

2x5-3 

61-7 

284 

273*0 

78-3 

45 

43*3 

12*4 

105 

ioo*9 

28*9 

165 

158*6 

45*5 

-225 

216*3 

62*0 

285 

274*0 

78-6 

46 

44*1 

12*7 

106 

ioi*9 

29-2 

166 

159*6 

45*8 

226 

217*3 

62*3 

286 

274*9 

78*8 

47 

45*2 

13*0 

107 

I02*9 

29*5 

167 

160-5 

46*0 

-2-27 

218*2 

62*6 

-287 

275*9 

79* » 

48 

46-1 

13-2 

108 

103-8 

29*8 

168 

i6x*5 

46- 3 

228 

219-2 

62*8 

•2«8 

276*8 

79*4 

49 

47' I 

U*5 

109 

104' 8 

30*0 

169 

162-5 

466 

2-29 

220'I 

63-1 

289 

277-8 

79*7 

50 

48*1 

13-8 

110 

105-7 

30*3 

170 

163-4 

46-9 

230 

221-X 

63*4 

-2fK) 

2788 

79*9 

51 

49-0 

14- 1 

111 

io6'7 

30*6 

171 

164-4 

47*1 

231 

222*1 

63*7 

291 

279*7 

80*2 

52 

50-0 

H'3 

112 

rc7-7 

30*9 

172 

165-3 

47*4 

232 

223*0 

63*9 

292 

280*7 

80-5 

53 

50*9 

14*6 

113 

108 '6 

31*1 

173 

i66*3 

47-7 

2:i3 

224*0 

64-2 

293 

281-6 

80*8 

54 

5''9 

14-9 

114 

109*6 

31-4 

174 

167-3 

48*0 

234 

2249 

645 

294 

282-6 

8ro 

55 

52-9 

15-2 

115 

no*  5 

31*7 

175 

i68-2 

48*2 

235 

2259 

648 

295 

283*6 

!'l 

56 

53-8 

i5'4 

116 

Ill's 

32*0 

176 

169-2 

48-5 

236 

226*9 

65*1 

296 

284-5 

8r6 

57 

54' 8 

'5*7 

117 

112*5 

32-2 

177 

170*1 

48-8 

237 

227-8 

65*3 

297 

285-5 

81-9 

58 

55-8 

i6*o 

118 

113*4 

3**  5 

178 

171-1 

49*  I 

238 

228*8 

65*6 

-298 

286-5 

82*1 

59 

56- 7 

i6-3 

119 

1144 

32-8 

17!» 

I72'I 

49*3 

239 

229*7 

65*9 

299 

287*4 

8**4 

60 

57-7 
Dep. 

,6-5 

120 

115*4 

33'' 

180 

173-0 

496 

240 

230*7 

66-2 

300 

288-4 

82-7 

D.Lat 

Uisi. 

Dep. 

U.LhT 

Dist. 

Dt-p. 

D.Lat. 

Dist. 

Dep. 

D.Lat. 

l)i.^t. 

Dep. 

D  U 

740 

4'' 

.nfi"' 
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1                                         TRAVERSE  TABLE  TO  DEGREES                                            1 

- 

170 

Ihgm      1 

Dist 

D.Ut 

Dep. 

Dist  D.  Lat. 

Dep. 

Dist. 

D.  Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

1 

I'O 

0-3 

61 

58-3 

17*8 

121 

"57 

35*4 

181 

173*1 

52-9 

241 

230*5 

70*5 

2 

1*9 

o'6 

62 

59'3 

i8-i 

122 

116-7 

357 

182 

174*0 

53*2 

242 

231-4 

70-8 

3 

»*9 

o*9 

63 

60*2 

18*4 

123 

117-6 

36-0 

183 

175-0 

53*5 

243 

232-4 

71-0 

4 

3-« 

1-2 

64 

6l*2 

18*7 

124 

ii8-6 

36*3 

184 

176-0 

53*8 

244 

*33*3 

71*3 

6 

4-8 

'•5 

65 

62'2 

19-0 

125 

119-5 

36-5 

185 

176-9 

54*1 

245 

»34*3 

71*6 

6 

5-7 

1-8 

66 

63*1 

»9*3 

126 

IZ0-5 

36-8 

186 

177-9 

54*4 

246 

a35-3 

71*9 

7 

6-7 

2*0 

67 

64*1 

19*6 

127 

121*5 

37*1 

187 

178*8 

547 

247 

236-2 

72*2 

8 

7'7 

*-3 

68 

65*0 

19*9 

128 

122-4 

37*4 

188 

179*8 

55*o 

248 

237'a 

72*5 

9 

8-6 

2-6 

69 

66-0 

20*2 

129 

'»3-4 

37-7 

189 

180*7 

55*3 

249 

238*1 

72-8 

10 
11 

9-6 

»'9 

70 

66*9 

20*5 

130 

124-3 

38*0 

1.00 

i8i*7 

55*6 

250 

239*1 

73*1 

]o*5 

3*2 

71 

679 

20-8 

131 

125-3 

38*3 

191 

182*7 

55-8 

251 

240*0 

73*4 

IS 

11-5 

3*5 

72 

689 

21*1 

132 

126-2 

38-6 

192    183*6  1 

56*1 

252 

241*0 

73*7 

13 

12-4 

3-8 

73 

69-8 

21*3 

133 

127-2 

38-9 

193 

184*6 

56*4 

253 

241*9 

•74c 

U 

13-4 

41 

74 

70-8 

21-6 

134 

128*1 

39*2 

194 

185-5 

56*7 

254 

242*9     74*3  1 

15 

H'3 

4-4 

76 

71-7 

2f9 

135 

129*1 

395 

195 

186-5 

57'o 

255 

243-9 

74*6 

16 

»5-3 

4'7 

76 

72-7 

22*2 

136 

130*1 

39-8 

196 

187*4 

57*3 

256 

244*8 

74*8 

17 

i6*3 

5-0 

77 

73*6 

22*5 

187 

i3i"o 

40-1 

197 

i88*4 

57*6 

257 

245-8 

75*1 

iC 

i7-» 

5*3 

78 

74*6 

22-8 

138 

132*0 

40*3 

198 

189-3 

57*9 

258 

246-7 

75*4 

19 

lS-2 

5-6 

79 

75*5 

23*1 

139 

132*9 

40*6 

199 

190*3 

58*2 

259 

247-7 

75*7 

20 

191 

5-8 

80 

76-5 

23*4 

140 

133*9 

40*9 

200 

191*3 

58*5 

260 

248-6 

76-0 

21 

20'I 

6-1 

81 

77*5 

»3*7 

141 

134*8 

41*2 

201 

192*2 

58*8 

261 

249-6 

76*3 

22 

21'0 

6-4 

82 

78-4 

24«o 

142 

135*8 

41-5 

202 

193*2 

59- » 

262 

250*6 

76-6 

23 

22*0 

6-7 

83 

79'4 

24*3 

143 

136-8 

41-8 

203 

194*1 

59*4 

263 

251-5 

76-9 

24 

23*0 

7*o 

84 

8o'3 

24*6 

144 

1377 

42*1 

204 

195*1 
196*0 

59*6 

264 

252*5 

77*2 

2ft 

23.9 

7*3 

85 

81-3 

24-9 

145 

138*7 

4»*4 

206 

59-9 

265 

»53*4 

77*5 

2S 

249 

7-6 

86 

82*2 

251 

146 

139*6 

4»'7 

206 

197*0 

60-2 

266 

^54*4 

77*8 

27 

25-8 

7-9 

87 

83-2 

a5'4 

147 

140*6 

43*o 

207 

198*0 

60*5 

267 

^55*3 

78*1 

2S 

26*8 

8-2 

88 

842 

»57 

148 

141*5 

43*3 

208 

198*9 

60-8 

268 

256*3 

78-4 

2» 

27-7 

8-5 

89 

851 

26*0 

149 

142*5 

43*6 

209 

199*9 

6i-i 

269 

257*2 

78-6 

30 

z8-7 

8-8 

90 

86*1 

26*3 

150 

H3"4 

43*9 

210 

200*8 

61*4 

270 

258*2 

789 

31 

29*6 

9*> 

91 

J»7-o 

26-6 

151 

144*4 

44.1 

211 

201-8 

61-7 

271 

259*2 

792 

32 

30*6 

9*4 

92 

88-0 

26*9 

152 

145-4 

44*4 

212 

202*7 

62*0 

272 

260*1 

79*5 

33 

31*6 

9-6 

93 

88-9 

27-2 

153 

146-3 

44*7 

213 

203-7 

62*3 

273 

261*1 

79-8 

34 

3*- 5 

99 

94 

89-Q 
908 

»7-5 

154 

147-3 

45*o 

214 

204-6 

626 

274 

262-0 

80*1 

3ft 

33*5 

IO'2 

95 

27-8 

155 

148*2 

45-3 

216 

205-6 

62*9 

275 

263-0 

80-4 

36 

34*4 

io'5 

96 

918 

28*1 

156 

149*2 

45-6 

216 

206*6 

63-2 

276 

263-9 

8o*7 

37 

35'4 

io*8 

97 

92-8 

284 

157 

1 50- 1 

45*9 

217 

207-5 

63*4 

277 

264-9 

81*0 

38 

36-3 

ii'i 

98 

93'7 

28*7 

158 

151*1 

46*2 

218 

2o8*5 

63.7 

278 

265-9 

81-3 

39 

37-3 

11-4 

99 

947 

28-9 

169 

152*1 

46*5 

219 

209-4 

64-0 

279 

2668 

81*6 

40 

38-3 

11-7 

100 

95'6 

29*2 

160 

153-0 

46*8 

220 

210*4 

64*3 

280 

267*8 

81-9 

41 

39'» 

I2'0 

101 

96*6 

29-5 

161 

154*0 

47-1 

221 

211*3 

64-6 

281 

268*7 

82*2 

42 

40-2 

123 

102 

97*5 

29-8 

162 

154-9 

47*4 

222 

212-3 

64*9 

282 

269*7 

82*4 

43 

411 

12*6 

103 

98-5 

30*1 

163 

155-9 

477 

223 

213*3 

65-2 

283 

270*6 

81*7 

44 

42- 1 

12*9 

104 

99*5 

30-4 

164 

156*8 

47*9 

224 

214*2 

65*5 

284 

271*6 

83*0 

45 

43-0 

13-2 

105 

100*4 

30-7 

166 

157-8 

48*2 

225 

215*2 

65*8 

285 

272*5 

83-3 

46 

44.D 

13*4 

106 

ioi'4 

31-0 

166 

158*7 

48-5 

226 

216-1 

66-1 

286 

*73-5 

83*6 

47 

44*9 

13-7 

107 

I02'3 

31*3 

167 

159*7 

48*8 

227 

217*1 

66-4 

287 

»74*5 

83*9 

48 

45"9 

14*0 

108 

103-3 

31*6 

168 

160*7 

49*1 

228 

218-0 

66*7 

288 

»75-4 

84*2 

49 

46-9 

H'3 

109 

104*2 

3«'9 

169 

i6i-6 

49-4 

229 

219*0 

67*0 

289    276*4 

84-5 

ftO 

47-8 

14-6 

no 

105*2 

32*2 

170 

162*6 

49-7 

230 

220*0 

67*2 

290 

277*3 

84*8 

ftl 

488 

14-9 

\u 

106*1 

3»'5 

171 

163*5 

50-0 

231 

220*9 

57*5 

291 

278-3 

85*1 

ft2 

49*7 

15-2 

112 

107*1 

32*7 

172 

164-5 

50-3 

232 

221*9 

67-8 

292 

279*» 

85-4 

ft3 

50'7 

15-5 

113 

io8-i 

33.0 

173 

165*4 

50.6 

233 

222*8 

68*1 

293 

280-2 

85-7 

ft4 

51-6 

158 

114 

109*0 

33*3 

174 

166*4 

509 

234 

223*8 

68-4 

294 

281*2 

86-0 

fto 

52*6 

161 

115 

110*0 

33-6 

175 

167*4 

51*2 

235 

224*7 

68-7 

296 

282*1 

86*2 

56 

53*6 

i6-4 

116 

110*9 

33*9 

176 

168*3 

515 

?36 

225-7 

69-0 

296 

283*1 

86-5 

57 

54-5 

167 

117 

111*9 

34'» 

177 

169-3 

51-7 

237 

226*6 

69.3 

297 

284*0 

86*8 

56 

55*5 

17-0 

118 

112*8 

34*5 

178 

170*2 

52-0 

238 

227*6 

69*6 

298 

285*0 

87*1 

50 

s6-4 

17-2 

119 

113-8 

34*8 

179 

171-2 

52*3 

239 

2z8*6 

699 

299 

2859 

87*4 

60 

57*4 

17-5 

120 

114*8 

35> 

IHO    172-1 

52*6 

240 

229*5 

70*2 

300 

286-9 

877 

DlBl 

4Dep. 

D.Lai 

I)i8t 

Dep. 

D.Ut 

Dist. 

Dap.    D.  Lt 

D'sLj  Dep. 

D.  Lat. 

Dist, 

Dep. 

0.  Li.t 

7:}° 

4h 

52^" 

456 
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TRAVERSE  TABLE  TO  DEGREES 

18°                                                        1»»  12"» 

Dist 

1 

D.Lat 

Dep. 

Dist 

D.Lat. 

Dep. 

Dial. 

D.  Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist 

D.Lat. 

Dep. 

i*o 

0-3 

61 

58-0 

18*9 

121 

115-1 

37*4 

181 

172-1 

55*9 

241 

2*9*2 

74*5 

2 

1-9 

o*6 

62 

59-0 

19-2 

122- 

ii6*o 

37-7 

182 

173*1 

56-2 

242 

230*2 

74*8 

S 

a-9 

o*9 

63 

59*9 

19-5 

123 

117-0 

38*0 

183 

174*0 

56*6 

243 

231*1 

7S'i 

4 

3-8 

1*2 

64 

6o'9 

19-8 

124 

117-9 

38-3 

184 

175-0 

569 

244 

232-1 

75*4 

5 

4-8 

i'5 

65 

6i-8 

20-1 

125 

ii8'9 

38*6 

185 

175*9 

57*2 

245 

233*0 

75*7 

0 

5'7 

1-9 

66 

62-8 

20*4 

126 

119*8 

38*9 

186 

176-9 

57-5 

246 

2340 

76-0 

7 

6-7 

2*2 

67 

63-7 

20-7 

127 

120-8 

39-2 

187 

177-8 

57-8 

247 

234'9 

76*3 

8 

7-6 

2'5 

68 

64-7 

21*0 

128 

121*7 

39.6 

188 

178-8 

581 

248 

a35*9 

76*6 

9 

8-6 

2-8 

69 

65-6 

21*3 

129 

122-7 

39-9 

189 

179-7 

58-4 

249 

236*8 

76*9 

10 

9*5 

3*1 

70 

66-6 

21*6 

130 

123-6 

40*2 

190 

180-7 

58-7 

260 

237*8 

77*3 

11 

io'5 

3'4 

71 

5r5 

21-9 

131 

124-6 

4c*5 

191 

iSi-7 

59*0 

261 

238*7 

77*6 

12 

11-4 

3*7 

72 

68*5 

22-2 

132 

1255 

40*  8 

192 

182*6 

59*3 

262 

»39'7 

77*9 

13 

12-4 

4-0 

73 

694 

22*6 

133 

126-5 

41-1 

193 

183*6 

59-6 

253 

240*6 

782 

14 

i3'3 

4-3 

74 

70-4 

22-9 

134 

127-4 

41-4 

194 

184*5 

59*9 

254 

241*6 

78-5 

15 

i4'3 

4-6 

76 

71-3 

23*2 

135 

128-4 

41*7 

195 

185-5 

6o»3 

255 

242*5 

78-8 

16 

151 

4'9 

76 

72-3 

^rs 

136 

129-3 

42-0 

196 

i86*4 

60*6 

266 

443*5 

79-1 

17 

l6*2 

5-3 

77 

73"a 

23-8 

137 

130-3 

42*3 

197 

187*4 

60*9 

267 

a44*4 

79*4 

18 

17-1 

5.6 

78 

74-2 

24*1 

138 

131*2 

42-6 

198 

188*3 

61-2 

268 

245-4 

79*7 

19 

i8-i 

5*9 

79 

75*1 

24*4 

139 

132-2 

43-0 

199 

1893 

6i-5 

269 

246*3 

80*0 

20 

19*0 

6*2 

80 

76*1 

24-7 

140 

1331 

43*3 

200 

190-2 

618 

260 

247*3 

80-3 

21 

20-0 

6-5 

81 

77-0 

25-0 

141 

134-1 

43*6 

201 

191*2 

62*1 

261 

248-2 

80*7 

22 

20'9 

6-8 

82 

78-0 

»5-3 

142 

135*1 

43*9 

202 

192- 1 

62*4 

262 

249*2 

81-0 

23 

21*9 

7-1 

83 

78-9 

25*6 

143 

136-0 

44*2 

203 

193*1 

62' 7 

263 

250-1 

81*3 

24 

22'8 

7*4 

84 

79*9 

26-0 

144 

137-0 

44*5 

204 

194*0 

63-0 

264 

251-1 

8i*6 

25 

23-8 

7-7 

85 

808 

16-3 

145 

137*9 

44-8 

205 

195*0 

63-3 

265 

252*0 

81-9 

26 

247 

8*o 

86 

8r8 

26*6 

146 

138-9 

45*1 

206 

195*9 

63-7 

266 

253*0 

82-2 

27 

i5-7 

8-3 

87 

82-7 

26*9 

147 

139*8 

45*4 

207 

196-9 

64-0 

267 

*53*9 

82*5 

28 

266 

8-7 

88 

83-7 

27-2 

148 

140-8 

45-7 

208 

197*8 

^4*3 

268 

*54-9 

82*8 

29 

27'6 

9-0 

89 

84-6 

»7-5 

149 

141*7 

46-0 

209 

198-8 

64-6 

269 

255*8 

83*1 

30 
31 

z8-5 

9'3 

90 
91 

85-6 

27*8 

150 

142*7 

46-4 

210 

199*7 

64-9 

270 

256*8 

83-4 

29-5 

9-6 

86*5 

28*1 

151 

143-6 

46-7 

211 

200*7 

65-2 

271 

457-7 

83*7 

32 

30*4 

9'9 

92 

87-5 

28*4 

152 

144-6 

47-0 

212 

201*6 

^5*5 

272 

258*7 

84-1 

33 

31-4 

10'2 

93 

88-4 

28'7 

153 

H5'5 

47*3 

213 

202*6 

65-8 

273 

259-6 

84-4 

34 

32-3 

io'5 

94 

89-4 

29*0 

154 

146  5 

47-6 

214 

203*5 

66*1 

274 

260-6 

84-7 

35 

33-3 

io'8 

95 

90-4 

294 

165 

147-4 

47*9 

215 

204-5 

66*4 

276 

261-5 

85-0 

36 

34*a 

ii'i 

96 

91-3 

*9-7 

156 

148-4 

48*2 

216 

205-4 

66*7 

276 

26i-5 

853 

37 

35-2 

11-4 

97 

9*' 3 

30*0 

157 

'49*3 

48-5 

217 

206-4 

67-1 

277 

263-4 

85*6 

38 

36*1 

11-7 

98 

93.2 

30-3 

158 

150*3 

48*8 

218 

207*3 

67-4 

278 

264-4 

85*9 

39 

37-1 

12*1 

99 

94-2 

30*6 

159 

1512 

49*1 

219 

208-3 

67-7 

279 

265-3 

86*2 

40 

38*0 

12-4 

100 

95-1 

30*9 

160 

152-2 

49*4 

220 

209*2 

68*0 

280 

266*3 

86*5 

41 

39-0 

12*7 

101 

96*1 

31*2 

161 

153*1 

49*8 

221 

2IO'2 

68-3 

281 

267*4 

86*8 

42 

399 

13*0 

102 

97-0 

31*5 

162 

154*1 

50*1 

222 

211*1 

68*6 

282 

268-2 

87-1 

43 

40-9 

13*3 

103 

98-0 

31-8 

163 

155-0 

50*4 

228 

212*1 

68-9 

283 

269*1 

875 

44 

41-8 

13*6 

104 

98-9 

32*1 

164 

156*0 

50-7 

224 

113*0 

69  2 

284 

-270-1  ,  87*8  1 

45 

42-8 

139 

105 

99*9 

3»-4 

165 

156*9 

51*0 

225 

214*0 

695 

286 

271-1 

88-1 

46 

437 

14-2 

106 

ioo*8 

31*8 

166 

157-9 

513 

226 

2149 

69*8 

286 

272*0 

88-4 

47 

44' 7 

H-5 

107 

101*8 

33*1 

167 

158-8 

51-6 

227 

215*9 

70*1 

287 

273*0 

88-7 

48 

45'7 

148 

108 

I02'7 

33*4 

168 

159*8 

5>'9 

228 

2i6-8 

70-5 

288 

273*9 

89-0 

49 

46*6 

15-1 

109 

103-7 

33'7 

169 

i6o*7 

52*2 

229 

217*8 

70*8 

289 

274-9 

89-3 

60 

47-6 

^S'S 

no 

104*6 

34*0 

170 

161-7 

5*-S 

230 

*i8*7 

71*1 

290 

275*8 

89-6 

51 

48-5 

i5'8 

HI 

105*6 

34*3 

171 

162*6 

52-8 

231 

219-7 

71*4 

291 

276-8 

89-9 

52 

49' 5 

i6*i 

112 

ioo'5 

34-6 

172 

163*6 

53-2 

232 

220*6 

71-7 

292 

277-7 

90*2 

53 

5o> 

i6»4 

113 

107-5 

34-9 

173 

164*5 

53-5 

233 

221*6 

72*0 

293 

278-7 

90*5 

54 

51-4 

16-7 

114 

108-4 

352 

174 

165*5 

53-8 

2.34 

222*5 

7**3 

294 

279*6 

90-9 

55 

5a-3 

17-0 

116 

109-4 

35*5 

175 

166*4 

54*  > 

235 

223*5 

72-6 

296 

280-6 

91*2 

66 

53'3 

17*3 

116 

110*3 

35-8 

176 

167*4 

544 

236 

224*4 

729 

296 

281*5 

9»*5 

57 

54-» 

17-6 

117 

111*3 

36-2 

177 

168-3 

54-7 

237 

2254 

73*2 

297 

282*5 

91*8 

58 

55-a 

17-9 

118 

112-2 

36-5 

178 

169*3 

55-0 

238 

226-4 

73*5 

298 

283*4 

92-1 

69 

56'! 

i8-2 

119 

113*2 

368 

179 

170*2 

55'3 

239 

227*3 

73.9 

299 

284-4 

92*4 

60 

57-1 

i8-5 

120 

114*1 

371 

180 

171-2 

55-6 

240 

228-3 

74*2 

306 

285*3 

92*7 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.UtliMst 

Dep. 

D.  Lat 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.  Ut 

72°                                                           4M8'"     1 
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19^ 

P16»    1 

Dist 

DXat 

Dep. 

Dist. 

D.Lat. 

Dep. 

DUt 

D.Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist. 

D.  Lat. 

Dep. 

1 

0-9 

0-3 

61 

57*7 

19-9 

121 

1144 

39*4 

181 

I7X-I 

58*9 

241 

227*9 

78*5 

2 

>*9 

07 

62 

58-6 

20'2 

122 

1x5*4 

397 

182 

X72'X 

59*3 

242 

228*8 

78*8 

3 

a-8 

I'O 

63 

59-6 

20-5 

123 

116-3 

40-0 

183 

X73-0 

59-6 

243 

229*8 

79-1 

4 

3-8 

1-3 

64 

6o'5 

20-8 

124 

117*2 

40-4 

184 

174-0 

59-9 

244 

230-7 

79'4 

6 

47 

r6 

65 

6i«5 

21*2 

125 

118-2 

40-7 

185 

I74'9 

60*2 

246 

231*7 

79-8 

6 

57 

a'o 

66 

62*4 

21-5 

126 

xi9'i 

41*0 

186 

175-9 

6o*6 

246 

232*6 

80-1 

7 

6-6 

2-3 

67 

63-3 

21*8 

127 

120-1 

41-3 

187 

176-8 

60-9 

247 

233*5 

80*4 

8 

7-6 

2-6 

68 

643 

22- X 

128 

121-0 

417 

188 

177-8 

6x-2 

248 

a34-5 

80-7 

9 

8-5 

29 

ao 

6s-2 

22-5 

129 

122-0 

42-0 

189 

178-7 

61*5 

249 

235*4 

8i'i 

10 

9*5 

33 

70 

66-2 

22-8 

130 

122-9 

42-3 

190 

179-6 

6X-9 

250 

236*4 

81*4 

11 

10*4 

3-6 

71 

67*1 

23*1 

131 

123-9 

42-6 

191 

180-6 

62-2 

251 

^37-3 

817 

12 

"•3 

3*9 

72 

68-x 

23-4 

132 

124-8 

43-0 

192 

x8x*5 

62*5 

252 

238*3 

82-0 

13 

12-3 

4-2 

73 

69*0 

23*8 

133 

125-8 

43*3 

193 

X82.5 

62*8 

253 

239*2 

82-4 

14 

I3» 

4-6 

74 

70*0 

24*  1 

134 

126-7 

43-6 

194 

183*4 

63-2 

254 

240*2 

82*7 

15 

14-2 

4'9 

75 

70-9 

24-4 

135 

127'6 

44.0 

195 

184-4 

^3-5 

255 

241*1 

83-0 

16 

iS'i 

5* 

7« 

719 

247 

136 

1286 

44*3 

196 

'!r3 

63-8 

266 

242*1 

83-3 

17 

i6*x 

55 

77 

72*8 

251 

137 

129*5 

44.6 

197 

186-3 

64-1 

257 

243-0 

837 

18 

I7-0 

5*9 

78 

73-8 

a5*4 

138 

130-5 

44'9 

198 

187-2 

64-5 

258 

2439 

84-0 

19 

i8*o 

6-2 

79 

747 

157 

139 

i3i'4 

45*3 

199 

188-2 

64-8 

259 

244-9 

84*3 

20 

18-9 

6.5 

80 

75-6 

26*0 

140 

132-4 

45-6 

200 

189-1 

65*x 

260 

2458 

84-6 

21 

19-9 

6-8 

81 

76*6 

26-4 

141 

133-3 

45*9 

201 

190*0 

65*4 

261 

246*8 

85*0 

22 

20-8 

7-2 

82 

77*5 

26-7 

142 

1 34' 3 

46-2 

202 

191*0 

65-8 

262 

247*7 

85-3 

23 

21*7 

7*5 

83 

78-5 

27-0 

143 

135-2 

46*6 

203 

191.9 

66-1 

263 

248*7 

85*6 

24 

22*7 

7-8 

84 

79*4 

»7-3 

144 

136-2 

46-9 

204 

192-9 

66*4 

264 

249-6 

86-0 

25 

23*6 

81 

85 

8o*4 

27*7 

145 

137-1 

47-2 

206 

193-8 

66-7 

265 

250-6 

86*3 

26 

H-6 

8-5 

86 

8i-3 

28-0 

146 

138-0 

47-5 

206 

194*8 

67*x 

266 

251-5 

86-6 

27 

255 

8-8 

87 

82-3 

28*3 

147 

139-0 

47-9 

207 

195-7 

67-4 

267 

252*5 

86*9 

28 

26'5 

9-1 

88 

83-2 

287 

148 

139.9 

48-2 

208 

X96-7 

677 

268 

»53*4 

87-3 

21) 

27-4 

9*4 

89 

84*2 

29*0 

149 

140-9 

48-5 

209 

197-6 

68*0 

269 

a54-3 

87*6 

30 

28-4 

9-8 

90 

85-1 

29-3 

150 

141-8 

48*8 

210 

X98-6 

68-4 

270 

a55-3 

87-9 

31 

293 

lo-x 

91 

JJ6-0 

29-6 

151 

142-8 

49*2 

211 

1995 

68-7 

271 

256-2 

88-2 

32 

30-3 

io'4 

02 

87-0 

30*0 

152 

1437 

49*5 

212 

200-4 

69*0 

272 

257-2 

88-6 

33 

31-2 

107 

93 

87-9 

3C-3 

153 

'44  7 

49-8 

213 

201-4 

69-3 

273 

258*1 

88*9 

34 

32*1 

ii'i 

94 

88-9 

30-6 

154 

145-6 

50-1 

214 

202*3 

69*7 

274 

259-x 

89*2 

30 

33-1 

11-4. 

95 

89-8 

30-9 

155 

146-6 

50-5 

215 

203*3 

70-0 

276 

260-0 

89-5 

36 

34-0 

11*7 

96 

90-8 

3»'3' 

156 

'47*5 

50-8 

216 

204-2 

70*3 

276 

261*0 

89.9 

37 

350 

12-0 

97 

917 

31*6 

157 

148-4 

511 

217 

205-2 

70*6 

277 

261*9 

90-2 

38 

35'9 

12-4 

98 

927 

31-9 

158 

1494 

51-4 

218 

206*  X 

7X-0 

278 

262*9 

90*5 

39 

369 

12'7 

99 

93'6 

32*2 

159 

150-3 

51-8 

219 

207*1 

7i'3 

279 

263*8 

90*8 

40 

37-8 

13-0 

100 

94-6 

32*6 

160 

151-3 

52*1 

220 

208*0 

71-6 

280 

264.7 

9xn 

41 

388 

133 

101 

95*5 

32*9 

161 

152*2 

5»-4 

221 

209*0 

72-0 

281 

265*7 

9''l 

42 

397 

137 

102 

96-4 

33* 

162 

153-2 

52-7 

222 

209*9 

72-3 

282 

266*6 

91*8 

43 

407 

X4'0 

103 

97*4 

33*5 

163 

154-1 

53*1 

223 

210*9 

72*6 

288 

267*6 

92-1 

44 

41*6 

143 

104 

98-3 

33*9 

164 

155*1 

53*4 

224 

21X.8 

72-9 

284 

268*5 

92*5 

45 

4a-5 

147 

105 

993 

34-2 

165 

156-0 

537 

226 

2x2.7 

73*3 

285 

269*5 

92-8 

4C 

43  5 

15*0 

106 

loo-a 

34*5 

166 

157-0.  54-0 

226 

2x3*7 

73.5 

286 

270*4 

93*1 

47 

H*4 

15*3 

107 

IOI*2 

34-8 

167 

1579     54*4 

227 

2x4*6 

73'9 

287 

271*4 

93*4 

48 

45*4 

15*6 

108 

X02M 

35** 

168 

158*8 

547 

228 

2x5-6 

74-2 

288 

272*3 

93*8 

49 

46-3 

i6*o 

109 

103' 1 

35*5 

169 

159-8 

55.0 

229 

216*5 

74*6 

289 

a73'3 

94*1 

50 
51 

47*3 

i6*3 

no 

104-0 

35-8 

170 

160-7 

55*3 

230 

217*5 

74*9 

290 

274*2 

94*4 

48a 

i6-6 

111 

io5»o 

36*1 

171 

161*7 

557 

231 

2x8*4 

75*2 

291 

275-1 

94*7 

52 

49-1 

x6*9 

112 

105-9 

36-5 

172 

162*6 

56-0 

232 

219*4 

75-5 

292 

276.1 

95» 

63 

50' 1 

17-3 

113 

xo6-8 

36-8 

173 

1636 

56-3 

233 

220'3 

75*9 
76*2 

293 

277*0 

95*4 

54 

Sri 

17-6 

114 

107-8 

37*  > 

174 

164.5 

566 

234 

221*3 

294 

278-0 

957 

55 

5»'o 

17-9 

115 

108-7 

37'4 

176 

t^S'S 

57-0 

236 

222-2 

76*5 

295 

278*9 

96-0 

56 

52-9 

i8-i 

116 

1097 

37*8 

176 

166*4 

57*3 

236 

223*1 

76-8 

296 

*Z9*2 

96*4 

57 

53-9 

i8*6 

117 

110*6 

38*1 

177 

167*4 

57*6 

237 

224*1 

77-2 

297 

280-8 

96*7 

58 

54-8 

x8*9 

118 

iii«6 

38-4 

178 

168-3 

58-0 

238 

225-0 

77*5 

298 

281*8 

97-0 

59 

567 

19*2 

119 

112*5 

387 

179 

169*2 

58-3 

239 

226*0 

77*8 

299 

282-7 

97*3 

60 

19-5 

120 

113-5 

39*1 

180 

170-2 

58-6 

240 

226-9 

78-1 

300 

2837 

97-/ 

Ditt 

.  Dep. 

DXetloist. 

Dep. 

D.Lat 

Dist 

Dep. 

D.Ut 

Dist. 

Dep. 

D.Lst. 

Dist. 

Dep.   D.Lat.l 

7J 

0 

4h  44m     j 
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TABLE  2 


TRAVERSE  TABLE  TO  DEGREES 

20° 

l"* 

20" 

Dist. 

D.Ut 

Dep. 

Dist. 

D.  Lat. 

Dap. 

Dist 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

1 

0-9 

o'3 

61 

57*3 

20*9 

121 

"3'7 

41-4 

181 

170*1 

6i*9 

241 

226*5 

82-4 

2 

1*9 

o*7 

62 

58-3 

21*2 

122 

.14-6 

41-7 

182 

171*0 

6a-2 

242 

227*4 

82-8 

S 

2-8 

i*o 

63 

59*2 

21*5 

123 

115*6 

42-1 

183 

172*0 

62-6 

243 

228*3 

83-1 

4 

3-8 

14 

64 

6o*i 

21*9 

124 

116-5 

42-4 

184 

172*Q 

62-9 

244 

229-3 

83-5 

5 

4*7 

1-7 

65 

6ri 

22*2 

126 

117-5 

42*8 

185 

173-8 

633 

245 

230-2 

83-8 

6 

5-6 

2-1 

m 

62*0 

22*6 

126 

118-4 

43-1 

186 

I74'8 

63*6 

246 

231-2 

84-1 

7 

6-6 

2*4 

67 

63-0 

22-9 

127 

1 19*3 

43-4 

187 

175*7 

64-0 

247 

232*1 

84-5 

8 

rs 

2*7 

68 

639 

5^3*3 

128 

120*3 

43-8 

188 

176*7 

64-3 

248 

233*0 

84-8 

9 

8-5 

3-1 

69 

64*8 

23*6 

129 

121*2 

44-1 

189 

177-6 

64-6 

249 

234*0 

852 

10 
U 

9'4 

3*4 

70 

65-8 

a3"9 

130 

122*2 

44-5 

190 

178-5 

65*0 

250 

234-9 

85-5 

I0'2 

3-8 

71 

66-7 

24-3 

131 

123-1 

44-8 

191 

179-5 

65-3 

251 

»35*9 

85-8 

12 

11-3 

41 

72 

67-7 

24*6 

132 

124*0 

45* « 

192 

180*4 

65-7 

252 

236*8 

86*2 

13 

12  2 

4*4 

73 

68-6 

25-0 

133 

125*0 

45-5 

193 

1S1-4 

66-0 

253 

237-7 

86-5 

14 

13-2 

4-8 

74 

69-5 

aS'3 

134 

125*9 

45-8 

194 

182*3 

66-4 

254 

238-7 

86*9 

15 

14' I 

5-> 

75 

.70-5 

25*7 

135 

i26'9 

46-2 

195 

183*2 

66*7 

255 

239-6 

87-2 

16 

150 

5'S 

76 

71*4 

26-0 

136 

127-8 

46-5 

196 

184*2 

67-0 

256 

240*6 

876 

17 

i6'o 

5-8 

77 

72-4 

26*3 

137 

128-7 

469 

197 

185-2 

67-4 

267 

241-5 

87-9 

la 

i6'9 

6*2 

78 

73*3 

26*7 

138 

129*7 

47-2 

198 

186*1 

67-7 

268 

242-4 

88*2 

19 

17-9 

6-5 

79 

74'» 

27*0 

139 

130*6 

47-5 

199 

187-0 

68*1 

259 

5143-4 

88*6 

20 

iS*8 

6-8 

80 

75-2 

27*4 

140 

131-6 

47*9 

200 

187-9 

68*4 

260 

244-3 

88*9 

21 

'9;7 

7-2 

81 

76-1 

27-7 

141 

132-5 

48-2 

201 

188*9 

68-7 

261 

145-3 

89-3 

22     20*7 

7*5 

82 

77-1 

28*0 

142 

1334 

48*6 

202 

189*8 

69-1 

262 

246*2 

89*6 

23  '  21-6 

7*9 

83 

78-0 

28*4 

143 

134-4 

48*9 

203 

190*8 

69-4 

263 

247*1 

90*0 

24 

22*6 

8-2 

84 

789 

28*7 

144 

ns's 

49*3 

204 

191*7 

69-8 

264 

248-1 

90*3 

25 

23-5 

8-6 

85 

79*9 

29*1 

145 

136-3 

49-6 

205 

192*6 

70-1 

265 

249-0 

90*6 

26 

24-4 

8-9 

86 

80-8 

29*4 

146 

137-2 

49*9 

206 

193*6 

70-5 

266 

250*0 

91*0 

27 

»S*4 

9-2 

87 

8r8 

29*8 

147 

138-1 

50-3 
50-6 

207 

»94-5 

70*8 

267 

250*9 

91-3 

28 

26' 3 

9'6 

88 

.   82-7 

30-1 

148 

139-1 

208 

195-5 

71-1 

268 

251*8 

91*7 

29 

27*3 

9*9 

89 

83-6 

30-A 

30*8 

149 

140*0 

51-0 

209 

196*4 

71-5 

269 

252*8 

92-0 

30 

28-2 

10-3 

90 

84-6 

150 

141*0 

51-3 

210 

»97-3 

71*8 

270 

a53-7 

923 

31 

29*1 

10-6 

91 

85*5 

31-1 

161 

141*9 

51*6 

211 

198*3 

72-2 

271 

*54'7 

9»-7 

32 

30*1 

io'9 

92 

86- 5 

31*5 

152 

142*8 

52-0 

212 

199*2 

7a' 5 

272 

255*6 

93-0 

33 

31*0 

11-3 

93 

87-4 

31-8 

153 

143-8 

52-3 

213 

200' 2 

72-9 

273 

2565 

93-4 

94 

31-9 

ir6 

94 

88-3 

32*1 

154 

144-7 

52-7 

214 

201'I 

73*2 

274 

»57*5 

93-7 

3d 

3a*9 

12-0 

95 

893 

3*-5 

155 

145-7 

53-0 

216 

202'0 

73-5 

276 

258-4 

941 

36 

33-« 

12-3 

96 

90*2 

32*8 

156 

1466 

53-4 

216 

203*0 

73-9 

276 

*59*4 

94-4 

37 

34-8 

22-7 

97 

91*2 

33*2 

157 

147-5 

53-7 

217 

203*9 

74-2 

277 

260*3 

94*7 

38 

357 

»3o 

98 

92*1 

33'5 

158 

148*5 

54-0 

218 

204-9 

74-6 

278 

261*2 

95-1 

39 

36'6 

13*3 

99 

93-0 

33*9 

159 

H9-4 

54*4 

219 

205-8 

74*9 

279 

262*2 

95-4 

40 

37-6 

.13-7 

100 

94-0 

34-2 

160 

150-4 

54-7 

220 

206*7 

75*a 

280 
281 

263-1 

95*8 

41 

38-5 

14-0 

101 

94*9 

345 

161 

151*3 

55-1 

221 

207-7 

75*6 

264*1 

96*1 

42 

39' 5 

14-4 

102 

95-8 

34*9 

162 

152*2 

554 

222 

208*6 

75-9 
76-3 

282 

265-0 

964 

43 

40'4 

H-7 

103 

968 

35-2 

163 

1532 

55-7 

2-23 

209*6 

283 

265-9 

96*8 

44 

41-3 

15-0 

104 

97*7 

35*6 

164 

154*1 

56*1 

224 

210-5 

76-6 

284 

266-9 

97- J 

45 

42- 3 

154 

105 

98-7 

35*9 

165 

155-0 

56*4 

225 

211*4 

77-0 

285 

267-8 

97-5 

46 

43*2 

I5'7 

106 

996 

36-3 

166 

156*0 

56*8 

226 

212*4 

77-3 

286 

268*8 

97*8 

47 

44*2 

i6-i 

107 

ioo*5 

36-6 

167 

1569 

57-1 

227 

213*3 

77.6 

287 

269-7 

98*2 

48 

451 

i6-4 

108 

101*5 

369 

168 

157-9 

57-5 

228 

214-2 

78-0 

288 

270*6 

98*5 

49 

46'o 

i6*8 

109 

102*4 

37*3 

169 

158-8 

57-8 

229 

2152 
216*1 

78*3 

289 

271*6 

98-8 

50 

47*o 

17*1 

110 

103-4 

37-6 

170 

159*7 

58*1 

230 

78*7 

290 

272*5 

99-2 

61 

47*9 

17*4 

111 

104-3 

38*0 

171 

160-7 

58-5 

231 

217-1 

79-0 

291 

273-5 

99*5 

i52 

48*9 

17-8 

112 

105*2 

38-3 

172 

i6r6 

58*8 

232 

218-0 

79*3 

292 

a74-4 

999 

53 

49*8 

i8'i 

118 

I06*2 

38*6 

173 

1626 

59'* 

233 

2i8'9 

79*7 

293 

275-3 

I0O'2 

54 

SP-7 

i8'5 

114 

107*1 

39*o 

174 

,63-5 

59*5 

234 

219-9 

8o-o 

294 

276- 3 

100-6 

55 

5»'7 

x8'8 

115 

I08I 

39*3 

175 

164-4 

59*9 

235 

220-8 

80-4 

295 

277-2 

ico'9 

56 

52'6 

19-2 

m 

i09»o 

39'7 

176 

165-4 

60-2 

236 

221-8 

8o*7 

296 

278*1 

101*2 

57 

53-6 

»9*5 

117 

109*9 

40*0 

177 

166-3 

60*5 

237 

222-7 

8i*i 

297 

279-1 

ior6 

58 

54*5 

i9-i< 

118 

no*9 

40*4 

178 

167*3 

60-9 

238 

223*6 

8,-4 

298 

280*0 

101*9 

59 

55'4 

20*  ? 

119 

111*8 

40*7 

179 

i68'2 

6|*2 

239 

224-6 

81*7 

299 

281*0 

102*3 

6*0 

564 

20*  5 

120 

112S 

410 

180 

169*1 

61-6 

240 

225-5 

82-1 

300 

281-9 

I02*6 

Dist.  Dep. 

D.Lat 

Dist. 

1 

Dep.  D.Lut 

Dist, 

Dt»p. 

n.  ut. 

Dist 

Dep. 

D.Lat. 

Dist. 

1 

Dep. 

D.Lat 

70° 

4*» 

40™ 
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210 

P 

24m 

DistJD.Ut 

Dep. 

Diau 

D.Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist. 

D.  Lat. 

Dep. 

Dist. 

D.  Lat. 

Dep. 

1 

0-9 

0-4 

61 

569 

21*9 

121 

1130 

434 

181 

169*0 

64*9 

241 

225-0 

86-4 

2 

1*9 

0-7 

62 

579 

22*2 

122 

113-9 

43*7 

182 

169-9 

65*2 

242 

2259 

86*7 

3 

1-8 

I'l 

63 

58-8 

22-6 

123 

114-8 

44-1 

183 

1708 

65-6 

243 

226-9 

87-1 

4 

3*7 

1*4 

64 

59*7 

22*9 

124 

115-8 

44*4 

184 

171-8 

65*9 

244 

227*8 

87*4 

5 

4-7 

1-8 

65 

6o*7 

»3*3 

125 

ii6'7 

44-8 

185 

172*7 

66-3 

245 

228*7 

87-8 

6 

s-^ 

2-2 

66 

6i-6 

23-7 

126 

117*6 

45-a 

186 

173-6 

66*7 

246 

229*7 

88*2 

7 

6-5 

2*5 

67 

62-5 

24*0 

127 

ii8-6 

45-5 

187 

174-6 

67-0 

247 

230-6 

88*5 

8 

rs 

2-9 

68 

635 

»4*4 

128 

119*5 

459 

188 

»75-5 

67*4 

248 

231-5 

88-9 

9 

8-4 

3-2 

69 

644 

»4-7 

129 

120*4 

46*2 

189 

176-4 

67-7 

249 

232-5 

89*2 

10 

9*3 

r^ 

70 

65-4 

251 

130 

121*4 

46-6 

190 

177-4 

68-1 

250 

a33-4 

89*6 

11 

io'3 

39 

71 

663 

*5-4 

131 

122-3 

469 

191 

178-3 

68-4 

251 

234*3 

90-0 

12 

1 1*1 

43 

72 

67*2 

258 

132 

123*2 

47*3 

192 

179*2 

68*8 

252 

a35-3 

90-3 

13 

12*1 

47 

73 

68-2 

26*2 

133 

124*2 

47*7 

193 

x8o'2 

69*2 

253 

236*2 

90*7 

14 

13-1 

50 

74 

69*1 

26-5 

134 

125*1 

48-0 

194 

i8x*i 

69-5 

254 

237-1 

91-0 

U 

14*0 

5'4 

75 

70*0 

26-9 

135 

126-0 

48-4 

195 

182*0 

699 

255 

238-1 

9»-4 

16 

H'9 

5*7 

76 

7i'o 

27-2 

136 

127*0 

4«-7 

196 

183*0 

70-2 

256 

239*0 

91-7 

17 

15-9 

6-1 

77 

71-9 

27*6 

137 

127*9 

49*1 

197 

183*9 

70*6 

257 

239-9 

92*1 

18 

i6-8 

6-5 

78 

72'8 

28*0 

138 

128*8 

49*5 

198 

184*8 

71*0 

268 

240-9 

92-5 

19 

17-7 

6-8 

79 

73*8 

28*3 

139 

X29-8 

49-8 

lUL* 

»85*8 

71-3 

259 

241-8 

92*8 

20 

21 

i8-7 

7-2 

80 

74*7 

28-7 

140 

1307 

50-2 

200 

186-7 

71-7 

260 

242*7 

93 -a 

19*6 

rs 

81 

75-6 

29-0 

141 

131*6 

50-5 

201 

187*6 

72*0 

261 

H3-7 

93-5 

22 

20-5 

7*9 

82 

76*6 

29-4 

142 

132-6 

50-9 

202 

i88*6 

72*4 

262 

244*6 

939 

23 

ai'S 

8-2 

83 

77*5 

29-7 

143 

«33*5 

51*2 

203 

189*5 

72*7 

263 

H5-5 

94*3 

24 

22-4 

8-6 

84 

7«-4 

30*1 

144 

134-4 

51*6 

204 

190*5 

73*1 

264 

246*5 

94-6 

25 

iJ-J 

9-0 

85 

79*4 

30-5 

145 

»35'4 

52*0 

205 

191*4 

73*5 

265 

247*4 

95-0 

26 

»4'3 

9*3 

86 

8o'3 

30*8 

146 

136-3 

52*3 

206 

192-3 

73-8 

266 

248*3 

95-3 

27 

20' X 

9*7 

87 

81*2 

31*2 

147 

137-2 

5»*7 

207 

'93'3 

74-2 

267 

249*3 

95-7 

28 

lO'O 

88 

82-2 

31-5 

148;  138-2 

53-0 

208 

194-2 

74*5 

268 

250*2 

96*0 

29 

27-1 

10-4 

89 

831 

31-9 

149    I39'i 

53*4 

209 

195-1 

74*9 

269 

251-1 

9fi 

30 

28*0 

10-8 

90 

84-0 

32-3 

150i  140-0 

53-8 

210 

196*1 

75*3 

270 

252-1 

96*8 

31 

28-9 

11*1 

91 

850 

32*6 

151 

141-0 

54*1 

211 

197-0 

75-6 

271 

253*0 

971 

32 

299 

11-5 

92 

859 

33*0 

152 

141*9 

54*5 

212 

197-9 

76*0 

272 

253-9 

97*5 

33 

30-8 

11-8 

93 

86-8 

333 

153 

142-8 

54-8 

213 

198-9 

76*3 

273 

a54-9 

97-8 

34 

31-7 

12*2 

94 

87-8 

33*7 

164 

143*8 

55*a 

2U 

199-8 

76*7 

274 

255-8 

98-2 

35 

32-7 

12*5 

95 

88-7 

34-0 

155 

144-7 

555 

215 

200-7 

77-0 

275 

256*7 

98*6 

36 

33-6 

12-9 

96 

896 

34*4 

156 

145*6 

559 

216 

201*7 

77'4 

276 

^S7'7 

98*9 

37 

34*5 

13-3 

97 

90*6 

34-« 

157 

146*6 

56-3 

217 

202*6 

77-8 

277 

258-6 

99.3 

38 

35*5 

13*6 

98 

9>'5 

35'i 

158 

H7-5 

56-6 

218 

»03-5 

78*1 

278 

>59*5 

99*6 

89 

364 

14*0 

99 

92-4 

35*5 

159 

148*4 

57-0 

219 

>04-5 

785 

279 

260-5 

lOO'O 

40 

37*3 

'V3 

100 

93*4 

35-« 

160 

149*4 

57*3 

220 

205*4 

78-8 

280 

261*4 

100*3 

41 

3«-3 

14-7 

101 

94*3 

36-2 

161 

1503 

57*7 

221 

206*3 

79*2 

281 

262*3 

ioo*7 

42 

39-2 

15-1 

102 

952 

36-6 

162 

151-2 

58*1 

222 

207-3 

79-6 

282 

263*3 

loi-i 

43 

40-1 

>5'4 

103 

96*2 

369 

163 

152*2 

584 

•223 

208*2 

79'9 

283 

264*2 

101*4 

44 

41-1 

158 

104 

97*1 

37'3 

164 

153*1 

58-8 

224 

209*1 

80-3 

284 

265*1 

101-8 

45 

42*0 

i6*i 

105 

98-0 

37'6 

165 

154-0 

59-1 

225 

2  10-1 

80-6 

985 

266-1 

102*1 

id 

42-9 

i6*5 

106 

990 

380 

166 

1550 

595 

226 

'211*0 

81-0 

286 

267-0 

102' 5 

47 

43  9 

i6-8 

W 

99*9 

383 

167 

1559 

59-8 

227 

2I1'9 

8i*3 

287 

267-9 

102-9 

48 

44-8 

17-2 

108 

100*8 

38-7 

168 

1568 

60-2 

228 

212*9 

81*7 

288 

268*9 

103*2 

49    45-7 

i7»6 

109 

ioi'8 

39-1 

169 

1578 

6c-6 

229 

213-8 

82*1 

289 

269*8 

103-6 

W  1  46-7 

17-9 

110 

102 '7 

394 

170 

158-7 

6o'9 

230 

214*7 

82*4 

290 

270*7 

103*9 

61     47-6 

i8-3 

111 

103-6 

398 

171 

159-6 

613 

231 

215-7 

828 

291 

271-7 

104-3 

63    4«-s 

i8-6 

112 

^04- 6 

40*1 

172 

i6o'6 

61-6 

232 

216-6 

83*1 

292 

272-6 

104-6 

W    49*5 

19*0 

113 

105-5 

40-5 

173 

161-5 

62-0 

233 

217*5 

83-5 

293 

473-5 

105*0 

61     50*4 

19-4 

114 

106 '4 

40-9 

174 

162-4 

6x-4 

234 

218-5 

83*9 

294 

274*5 

105-4 

55     51-3 

19-7 

115 

107-4 

41*2 

175 

1634 

62*7 

235 

219*4 

84*2 

295 

275-4 

105-7 

56     52*3 

20-I 

116 

108-3 

41*6 

176 

164-3 

63*1 

236 

220*3 

84-6 

296 

276-3 

ic6'i 

57     53-2 

204 

117 

109-2 

41-9 

177 

165-2 

63*4 

237 

221-3 

84*9 

297 

a77-3 

ic6-4 

58     5V1 

20-8 

118 

IIO'Z 

42-3 

178 

ifi6-2 

638 

238 

222-2 

85-3 

298 

278-2 

ic6-8 

50     5  VI 

211 

119 

iii*i 

42-6 

17!) 

167-1 

64*1 

239 

223*1 

856 

299 

279*1 

107  2 

60    560 

21-5 

120 

1I2*0 

430 

180 

168-0 

64*5 

240 

224*1 

86*0 

300 

280-1 

107-5 

UiiU  Dei). 

D.Ut 

Dist 

Dep. 

D.L.. 

Ditt 

Dep. 

D.  Lat. 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.  Lat 

86" 

69° 

4^ 
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22° 

!»»! 

28- 

I 

D.Lat 

Dep. 

Dist  D.  Lat.  Dep. 

Diat. 

D.  Lat. 

Dep. 

Diat. 

D.Lat. 

Dep. 

Dist  D.Lat. 

Dep. 

o*9 

o*4 

61 

566 

22*9 

121 

112*2 

45*3 

181 

167-8 

67*8 

241 

223-5 

903 

2 

1-9 

0-7 

62 

57*5 

23*2 

122 

113*1 

45*7 

182 

i63*7 

68*2 

242 

224*4 

907 

3 

2-8 

1*1 

63 

58-4 

23-6 

123 

114*0 

46*1 

183 

169*7 

68*6 

243 

225*3 

91-0 

4 

3*7 

»-s 

64 

59*3 

24*0 

124 

115*0 

46-5 

184 

170*6 

68*9 

244 

226*2 

91-4 

0 

4-6 

1-9 

63 

6o'3 

24*3 

125 

"5*9 

46-8 

185 

171*5 

69*3 

245 

227*2 

91*8 

6 

S-6 

2*2 

66 

6l'2 

a4-7 

126 

1168 

47-2 

186* 

172-5 

69*7 

246 

228*1 

921 

7 

6-5 

2-6 

67 

62-1 

25*1 

127 

117-8 

47*6 

187 

173*4 

70*1 

247 

229*0 

92-5 

8 

7-4 

30 

68 

63*0 

aS'S 

128 

118*7 

47*9 

188 

174*3 

70*4 

248 

2299 

9Z-y 

f) 

8-3 

3*4 

69 

64*0 

25-8 

129 

119*6 

483 

189 

175*2 

70-8 

249 

230*9 

93*5 

10 

9*3 

IO*2 

3'7 

70 

64-9 

26-2 

130 

120*5 

487 

190 
191 

176*2 

71*2 

250 

231*8 

9V7 

U 

41 

71 

658 

26*6 

131 

121*5 

49-1 

177-1 

7'*5 

251 

2327 

94  c 

12 

II'I 

4' 5 

72 

66-8 

27-0 

132 

122*4 

49*4 

192 

178*0 

71*9 

252 

233-7 

94*4 

13 

12' 1 

4' 9 

73 

67-7 

27*3 

133 

"3'3 

49*8 

193 

1789 

72-3 

253 

234*6 

94-8 

14 

13-0 

5*a 

74 

68-6 

27-7 

134 

124*2 

50*2 

194 

179*9 

72*7 

254 

»35*5 

95*2 

15 

13-9 

5-6 

75 

69-5 

28*1 

135 

125*2 

50*6 

195 

180-8 

73'o 

255 

236*4 

95*5 

16 

14-8 

6'o 

76 

70-5 

28*5 

136 

126*1 

50*9 

196 

181*7 

73*4 

256 

237*4 

95*9 

17 

15*8 

6-4 

77 

71*4 

288 

137 

127*0 

51*3 

197 

182-7 

73*8 

257 

2383 

96-3 

18 

i6*7 

6-7 

78 

7»*3 

29*2 

138 

128*0 

51-7 

198 

183*6 

74*2 

258 

239*2 

96*6 

19 

17-6 

7-1 

79 

73-2 

29*6 

139 

128*9 

52*1 

199 

184*5 

74*5 

259 

240*1 

97-0 

20 

i8-5 

7'5 

80 

74*  a 

30*0 

140 

129-8 

52*4 

200 

185*4 

74*9 

260 

241*1 

97*4 

21 

»9"5 

7*9 

81 

751 

30-3 

141 

130*7 

52*8 

201 

x86*4 

75*3 

261 

242*0 

97*8 

22 

20*4 

8-2 

82 

76-0 

30-7 

142 

131*7 

53*2 

202 

187-3 

75*7 

262 

242*9 

98*1 

23 

21-3 

8-6 

a3 

77-0 

311 

143 

132*6 

53-6 

203 

188*2 

76*0 

263 

243-8 

98-5 

24 

22-3 

9-0 

84 

77-9 

31-5 

144 

1335 

53*9 

204 

189- 1 

76*4 

264 

244*8 

98-9 

25 

23-2 

94 

a5 

78-8 

31-8 

145 

»34'4 

54*3 

206 

190*1 

768 

265 

245-7 

99*3 

2(1 

241 

9*7 

86 

797 

32*2 

146 

135-4 

54*7 

206 

191*0 

77*2 

266 

246*6 

99*6 

27 

25*0 

10*  I 

87 

80-7 

32'6 

147 

136*3 

55-1 

207 

1919 

77-5 

267 

247*6 

ico-o 

2S 

26*0 

10' 5 

88 

8r6 

33*0 

148 

137*2 

55*4 

208 

192*9 

77*9 

268 

248*5 

ico*4 

2'J 

26-9 

xo*9 

89 

82-5 

33*3 

149 

138*2 

55*8 

209 

193*8 

78*3 

269 

249*4 

ICO*? 

3^ 

27-8 

11*2 

90 

83-4 

33*7 

150 

139*1 

56*2 

210 

»94*7 

78*7 

270 

250*3 

TOI    I 

31 

28-7 

II-6 

91 

84-4 

34*1 

151 

140*0 

566 

211 

195*6 

79-0 

271 

251*3 

xoi*  5 

32 

29-7 

12-0 

92 

ir^ 

34*5 

152 

1409 

56*9 

212 

196*6 

79*4 

272 

252*2 

IOI-9 

33 

30*6 

12-4 

93 

86*2 

34*8 

153 

141*9 

57*3 

213 

»97-5 

79*8 

273 

253*1 

IC2*3 

34 

31-5 

12-7 

94 

87*2 

35'a 

154 

142-8 

57*7 

214 

198*4 

80*2 

274 

254*0 

IC2-6 

35 

3*- 5 

131 

95 

88-1 

35*6 

155 

H3*7 

58*1 

215 

199*3 

80*5 

275 

255-0 

103*0 

36 

33*4 

>3*5 

96 

89-0 

36*0 

166 

144*6 

58*4 

216 

200*3 

8o*9 

276 

»55*9 

103-4 

37 

34'3 

13-9 

97 

89-9 

36-3 

157 

145*6 

58*8 

217 

201*2 

81*3 

277 

256*8 

IC3*8 

38 

35'» 

14-2 

98 

909 

36-7 

158 

146*5 

59*2 

218 

202*1 

8i*7 

278 

257-8 

iC4*i 

39 

36*2 

14-6 

99 

91*8 

37*1 

159 

U7-4 

59*6 

219 

203*1 

82*0 

279 

258-7 

104-5 

40 

37*1 

15-0 

100 

92-7 

37'5 

160 
161 

148*3 

5r9 

220 

204*0 

82*4 

280 

259-6 

104-9 

41 

380 

15-4 

101 

93-6 

37-8 

H9'3 

60*3 

221 

204*9 

82*8 

281 

260-5 

less 

42 

38-9 

15*7 

102 

94-6 

38*2 

162 

150*2 

60*7 

222 

205*8 

83*2 

282 

261*5 

105*6 

43 

39-9 

i6-i 

103 

955 

38*6 

163 

1511 

611 

223 

206*8 

83*5 

283 

262*4 

ic6-o 

44 

40-8 

16.5 

104 

964 

39*o 

164 

1521 

61*4 

224 

207*7 

839 

284 

263*3 

106-4 

45 

41-7 

i6'9 

105 

97*4 

39'3 

166 

153*0 

6r8 

225 

208*6 

84*3 

285 

264*2 

xc6-8 

46 

42-7 

17*2 

106 

98-3 

39*7 

166 

153*9 

62*2 

226 

209*5 

847 

286 

265*2 

107*1 

47 

43-6 

17*6 

107 

99*2 

40*1 

167 

154-8 

62*6 

227 

210*5 

85-0 

287 

266*1 

107*5 

48 

44*5 

i8-o 

108 

lOO'l 

40*5 

168 

155-8 

62-9 

228 

211*4 

85*4 

288 

267*0 

107*9 

49 

45*4 

184 

109 

lOI'I 

40-8 

169 

156*7 

63*3 

229 

212*3 

85*8 

289 

268*0 

108*3 

50 
61 

46-4 

47*3 

i8-7 

110 

X02*0 

41-2 

170 

157*6 

63*7 

230 

213*3 

86*2 

290 

268*9 

X08-6 

19*  1 

HI 

I02'9 

41*6 

171 

158*5 

64*1 

231 

214*2 

86*5 

291 

269*8 

109*0 

62 

48-2 

195 

112 

103*8 

42*0 

172 

159*5 

64*4 

232 

215*1 

86*9 

292 

270*7 

109-4 

53 

49-1 

19-9 

113 

104*8 

4**  3 

173 

160*4 

64*8 

233 

216*0 

87-3 

293 

271*7 

xo9*8 

64 

50*1 

20'2 

114 

105*7 

42-7 

174 

161*3 

65*2 

234 

217*0 

87*7 

294 

272*6 

xxo*i 

65 

5i'o 

20'6 

115 

106*6 

43*1 

176 

162*3 

65*6 

235 

217*9 

88-0 

295 

*73-5 

110*5 

56 

51-9 

21'0 

116 

107*6 

43' 5 

176 

163*2 

65*9 

236 

2x8*8 

88-4 

296 

*74*4 

xio'9 

67 

528 

214 

117 

io8*5 

43*8 

177 

164*1 

66*3 

237 

219*7 

88*8 

297  1  275-4 

xxi*3 

58 

53-8 

21-7 

118 

109*4 

44*2 

178 

165*0 

66*7 

238 

220*7 

89*2 

298    276*3 

1X1*6 

59 

54*7 

22-1 

119 

no- 3 

44.6 

179 

166*0 

67*1 

239 

221*6 

89*5 

299 

277*2 

XX  2*0 

60 

Oist 

55-6 

225 

120 

111*3 

450 

180 

x66*9 

67-4 

240 

222*5 

89-9 

300 

278-2 

1X2*4 

Dep. 

D.Lat 

• 

Diat. 

Dep. 

D.Ut 

Diat. 

Dep. 

D.Lat 

Diat, 

Dep. 

D.Lat 

Diat 

Dep. 

D.Lat 

68^ 

4^ 

82- 

TABLE  2 


461 


TRAVERSE  TABLE  TO  DEGREES 

1 

23°                                                 lb82»    1 

Disr. 

D.Lat 

Dep. 

Dist 

D.  Lat 

Dep. 

Dist 

D.  Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist. 

D.Lat. 

Dep. 

1 

0-9 

0-4 

61 

56*2 

238 

121 

111*4 

47*3 

181 

166*6 

70*7 

241 

221-8 

94-2 

2 

r8 

08 

62 

57-x 

24*2 

122 

112*3 

47*7 

182 

167*5 

71*1 

242 

222-8 

94*6 

3 

a-8 

1-2 

63 

58*0 

24-6 

123 

113*2 

48*1 

183 

168*5 

71-5 

243 

223*7 

94*9 

4 

3-7 

1*6 

64 

58-9 

25*0 

124 

114*1 

48*5 

184 

169*4 

71*9 

244 

224*6 

95-3 

5 

4-6 

%'0 

65 

59-8 
6o-8 

254 

125 

115-1 

48*8 

185 

170*3 

72*3 

245 

225*5 

95-7 

6 

5*5 

2-3 

66 

25-8 

126 

ii6*o 

49*2 

186 

171*2 

72*7 

l46 

2z6*4 

96*1 

7 

6-4 

2-7 

67 

6i*7 

26*2 

127 

ii6»9 

49*6 

1«7 

172*1 

731 

247 

227-4 

96*5 

8 

7*4 

3-1 

68 

62*6 

26*6 

128 

117*8 

50*0 

188 

1731 

73*5 

248 

228*3 

96-9 

9 

8-3 

3*5 

69 

63-5 

27*0 

129 

ii8*7 

5c*4 

\m 

174*0 

73*8 

249 

229*2 

97*3 

10 

9» 

3.9 

70 

64-4 

a7*4 

130 

119*7 

5C-8 

190 

174*9 

74*2 

250 

230-1 

97'7 

11 

io*i 

4'3 

71 

65-4 

27-7 

131 

120*6 

51*2 

191 

1758 

74*6 

261 

231-0 

98-1 

12 

ll'O 

4*7 

72 

66-3 

28*1 

132 

121*5 

51*6 

192 

176*7 

75*0 

262 

232*0 

98*5 

13 

I2-0 

5'» 

73 

67*2 

28-5 

133 

122*4 

52-0 

193 

177-7 

75*4 

253 

232*9 

98*9 

U 

12-9 

5*5 

74 

68*  I 

28-9 

134 

123*3 

52*4 

194 

1786 

75-8 

254 

^33-8 

99*2 

13 

13-8 

59 

76 

69*0 

29-3 

135 

124*3 

52*7 

196 

179*5 

76-2 

255 

»34-7 

996 

\n 

H'7 

6-3 

76 

70*0 

29-7 

136 

125*2 

53*1 

196 

180*4 

76*6 

256 

2356 

ico*o 

17 

15-6 

6-6 

77 

70-9 

30*1 

137 

126*1 

53*5 

197 

181-3 

77*0 

267 

236*6 

100*4 

18 

x6-6 

yo 

78 

71-8 

30-5 

138 

J27*0 

53*9 

198 

182-3 

77-4 

258 

237*5 

ico-8 

19 

17*5 

7-4 

79 

7»'7 

30*9 

139 

128*0 

54*3 

199 

183-2 

77*8 

259 

238-4 

101*2 

SO 

18-4 

7-8 

80 

73-6 

3i'3 

140 

128*9 

54*7 

200 

184*1 

78*1 

260 

239-3 

ioi*6 

21 

19-3 

8*2 

81 

74-6 

31*6 

141 

129*8 

55*1 

201 

185*0 

78*5 

261 

2403 

102-0 

22 

20*3 

8-6 

82 

75*5 

32*0 

142 

130*7 

55*5 

202 

185*9 

78*9 

262 

241*2 

102*4 

23 

ai*a 

9*o 

83 

76-4 

3*'4 

143 

131*6 

55*9 

203 

i86*9 

79*3 

263 

242-1 

102-8 

24 

22*1 

94 

84 

77'3 

32*8 

144 

132-6 

56-3 

204 

187-8 

79*7 

264 

243*0 

103-2 

25 

a3*o 

9-8 

85 

78-2 

33*2 

145 

»33*5 

56*7 

205 

i88*7 

8o*i 

265 

243*9 

103*5 

26 

23'9 

10'2 

86 

79.2 

33*6 

146 

134*4 

57*0 

206 

1896 

80-5 

266 

2449 

103*9 

27 

^49 

10*5 

87 

8o*i 

34*0 

147 

135-3 

57*4 

207 

190*5 

80-9 

267 

245-8 

104*3 

28 

35-8 

10*9 

88 

81*0 

34-4 

148 

136*2 

57-8 

208 

191*5 

81*3 

268 

246*7 

104*7 

29 

26*7 

11-3 

89 

8i'9 

34-8 

149 

137*2 

582 

209 

192*4 

81*8 

269 

247-6 

105-1 

30 

27-6 

11-7 

90 

82*8 

35'» 

150 

138*1 

58*6 

210 

193*3 

82-1 

270 

248*5 

105*5 

31 

z8-5 

12- 1 

91 

83-8 

35*6 

151 

139-0 

590 

211 

194*2 

824 

271 

249*5 

105*9 

32 

29-5 

12- 5 

92 

84-7 

35-9 

152 

139*9 

59*4 

212 

195*1 

82*8 

272 

2504 

106*3 

33 

30-4 

12*9 

93 

85-6 

36*3 

153 

140-8 

59-8 

213 

196*1 

83*2 

273 

25»*3 

106-7 

34 

3»-3 

13*3 

94 

86*5 

36-7 

154 

141*8 

60*2 

214 

197-0 

83*6 

274 

252*2 

107-1 

35 

32-2 

13*7 

95 

87-4 

37-1 

155 

142*7 

6o*6 

215 

197*9 

84*0 

275 

253*1 

107*5 

36 

33'i 

141 

96 

88-4 

37*5 

156 

143*6 

6i'o 

216 

198*8 

844 

270 

254*1 

107*8 

37 

34-1 

H'S 

97 

89-3 

37-9 

157 

144*5 

6i*3 

217 

1997 

84-8 

277 

255*0 

1C8*2 

38 

35-0 

14-8 

98 

90*2 

38-3 

168 

HS-4 

61*7 

218 

200 '7 

85-2 

278 

255-9 

1086 

3i) 

35-9 

I5'2 

99 

91*1 

38-7 

159 

146*4 

62-1 

219 

2oi'6 

85*6 

279 

256-8 

109*0 

40 

36-8 

15-6 

100 

92' I 

39*  I 

160 

147*3 

62*5 

220 

202*5 

86-0 

280 

257-7 

109-4 

41 

37'7 

16*0 

101 

93.0 

39*5 

161 

148*2 

62*9 

221 

203*4 

86*4 

281 

258*7 

109*8 

42 

38-7 

16 -4 

102 

93*9 

39'9 

162 

149*1 

63-3 

222 

204-4 

86*7 

282 

2596 

110*2 

43 

396 

i6*8 

103 

94-8 

40*2 

163 

150-0 

63-7 

223 

205*3 

87*1 

283 

260-5 

110*6 

44 

40-5 

17-2 

104 

95*7 

40-6 

164 

151-0 

64*1 

224 

206*2 

87*5 

284 

261-4 

111*0 

46 

41-4 

17*6 

106 

96-7 

41*0 

165 

151*9 

64*5 

225 

207*1 

87*9 

285 

262*3 

111*4 

46 

42-3 

i8'o 

106 

97-6 

41-4 

166 

152*8 

64*9 

226 

208 -o 

883 

286 

263*3 

111*7 

47 

43*3 

i8-4 

107 

98-5 

41*8 

167 

'53*7 

65-3 

227 

209-0 

88*7 

287 

264-2 

112*1 

48 

44* 

18-8 

108 

99*4 

42-2 

168 

1546 

656 

228 

209*9 

89*1 

288 

165*1 

112*5 

49 

45*1 

19-1 

109 

ioo»3 

42*6 

169 

155*6 

660 

229 

210*8 

89*5 

289 

266-0 

112*9 

60 

46-0 

19- 5 

110 

ioi'3 

43-0 

170 

^S^'S 

66*4 

230 

211-7 

89*9 

290 

266-9 

113-3 

61 

46-9 

19-9 

111 

X02*2 

43*4 

171 

157*4 

66-8 

231 

212*6 

90*3 

291 

267-9 

113*7 

62 

47*9 

20'3 

112 

103*1 

43-8 

172 

158-3 

67-2 

232 

213*6 

90*6 

292 

268*8 

114-1 

63 

48*8 

20'7 

113 

104*0 

44*2 

173 

159-2 

67*6 

2.33 

214-5 

91*0 

293 

269*7 

114*5 

54 

49*7 

2I'I 

114 

104-9 

44*5 

174 

160*2 

68*0 

234 

*i5'4 

91*4 

294 

270*6 

114-9 

65 

50-6 

21-5 

115 

105-9 

44*9 

175 

i6i*i 

68*4 

235 

2i6'.3 

91-8 

295 

271-5 

115*3 

66 

51-5 

21-9 

116 

106*8 

45*3 

176 

162*0 

68*8 

236 

217-2 

92*2 

296 

272*5 

115-7 

57 

5»-5 

22-3 

117 

107*7 

45-7 

177 

162*9 

69*2 

237 

2l8*2 

92-6 

297 

273-4 

116*0 

68 

»53-4 

22*7 

118 

io8*6 

46*1 

178 

163*8 

69*6 

238 

219*1 

93'o 

298 

274*3 

116*4 

69 

54-3 

23*1 

119 

109-5 

46-5 

170 

164-g 

69*9 

239 

220*0 

93*4 

299 

275*2 

ii6'8 

60 
Dist 

55'* 

23-4 

120 

110*5 

46*9 

180 

165*7     70-3 

240 

220-9 

93-8 

300 

276-2 

117*2 

.  Dep. 

DXatloist 

Dep. 

D.Lai 

Dist. 

Dep. 

D.Lai. 

Dist. 

Dep.  Id.  lar. 

Dist. 

Dep. 

D.  IjiU 

67'^                                                            4'^ 
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24°                                                 l»»86»    1 

Dist. 

D.Lat 

Dep. 

Dist, 

D.Lat. 

Dep. 

Dist. 

D.  Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.  Ut. 

Dep. 

1 

0-9 

04 

61 

557 

24-8 

121 

110-5 

49-2 

181 

165-4 

73*6 

241 

220*2 

98-0 

2 

iS 

08 

62 

56-6 

25*2 

122 

1II-5 

49*6 

162 

166*3 

74*0 

242 

221*1 

98-4 

3 

2-7 

1*2 

63 

57-6 

25-6 

123 

112*4 

50-0 

183 

167*2 

74'4 

243 

222*0 

98-8 

4 

3-7 

1-6 

64 

58-5 

26-0 

124 

113-3 

50-4 

184 

168-1 

74*  S 

244 

222-9 

99-2 

5 

4-6 

2-0 

65 

59*4 

26-4 

125 

114-2 

50-8 

18.5 

169-0 

75*2 

245 

223*8 

997 

ft 

5'5 

2-4 

66 

6o*3 

26-8 

126 

1151 

51-2 

186 

169-9 

757 

246 

224*7 

loo-i 

7 

6-4 

2-8 

67 

6i-2 

27-3 

127 

ii6-o 

517 

187 

170*8 

76*1 

247 

225-6 

100-5 

8 

7'3 

3*3 

68 

62*  I 

27-7 

128 

116-9 

52*1 

188 

1717 

76-5 

248 

226*6 

100*9 

9 

«-2 

3'7 

69 

63-0 

28-1 

129 

1178 

S^'S 

189 

1727 

76-9 

249 

227-5 

101-3 

10 

9' 

4' I 

70 

63-9 

28-5 
28-9 

130 
131 

ii8-8 

5**9 

190 

173*6 

77*3 

250 

228-4 

101-7 

11 

lo-o 

45 

71 

64-9 

"97 

53*3 

191 

»74-5 

777 

251 

*a9'3 

102-1 

12 

ii*o 

49 

72 

658 

29-3 

132 

I20'6 

537 

192 

175*4 

781 

252 

230-2 

102-5 

!» 

II-9 

5-3 

73 

66-7 

297 

133 

121-5 

541 

193 

176-3 

78-5 

253 

231-1 

102-9 

14 

12-8 

57 

74 

67-6 

30*1 

134 

122-4 

54*5 

194 

177-2 

78-9 

254 

232-0 

103-3 

\6 

13-7 

6-1 

76 

68-5 

30-5 

135 

123-3 

54*9 

195 

178-1 

79*3 

255 

233-0 

103-7 

16 

14*6 

6-5 

76 

69-4 

30-9 

136 

124-2 

55*3 

196 

179-1 

797 

256 

233-9 

104-1 

17 

'5*5 

6*9 

77 

70-3 

31-3 

137 

125-2 

557 

197 

180-0 

80-1 

257 

234-8 

104-5 

18 

i6'4 

7*3 

78 

71-3 

3x7 

138 

126*1 

56-1 

198 

i8o'9 

80-5 

258 

235-7 

1049 

19 

17-4 

77 

79 

72*2 

32-1 

139 

127-0 

56-5 

199 

i8i*8 

80-9 

259 

236-6 

105-3 

20 
21 

183 

8-1 

80 

73-1 

32-5 

140 

127-9 

56-9 

200 

182*7 

81-3 

260 
261 

237-5 

105*8 

19*2 

8-5 

81 

74-0 

32-9 

141 

128-8- 

57-3 

201 

183-6 

8i*8 

2384 

io6-2 

22 

20'I 

8-9 

82 

74*9 

33*4 

142 

129-7 

57-8 

202 

184-5 

82*2 

262 

»39-3 

io6-6 

23 

21*0 

9'4 

83 

75-8 

33-8 

143 

130*6 

58-2 

203 

185*4 

82*6 

263 

240-3 

107-0 

24 

2X'9 

9-8 

84 

767 

34-a 

144 

131-6 

58-6 

204 

186-4 

83*0 

264 

241-2 

107-4 

25 

22*8 

10*2 

85 

777 

34-6 

145 

132*5 

590 

205 

187-3 

83-4 

265 

242-1 

107-8 

26 

238 

io'6 

86 

78-6 

35-0 

146 

1334 

594 

206 

i88-2 

83-8 

266 

243*0 

io8-2 

27 

24-7 

II'O 

87 

79-5 

35*4 

147 

«34'3 

59-8 

207 

189-1 

84*2 

267 

2439 

108*6 

28 

25-6 

11-4 

88 

80-4 

35-8 

148 

1352 

6o-2 

208 

190*0 

84*6 

268 

244-8 

IC9-0 

29 

26-5 

11-8 

89 

8i-3 

36-2 

149 

136-1 

60-6 

209 

190-9 

85*0 

269 

H57 

109*4 

30 

a7-4 

12*2 

90 

82-2 

36-6 

150 

137-0 

6i-o 

210 

191*8 

85-4 

270 

2467 

109*8 

31 

28'3 

12-6 

91 

83-1 

37.0 

161 

137-9 

61-4 

211 

192-8 

8t;-8 

271 

247*6 

110-2 

33 

29'> 

I3'0 

99 

84-0 

37-g 

152 

^8*9 

61-8 

219 

1937 

86-2 

272 

2485 

iio'6 

33 

3P'i 

134 

fi3 

?S-o 

159 

139'8 

6>*2 

213 

194-6 

86-6 

273 

249-4 

ZIl'O 

34 

3'? 

IV« 

84 

85-9 

38-2 

154 

140*7 

62-6 

214 

»95'5 

87-0 

274 

250-3    111*4 1 

M 

3*'o 

14-2 

96 

86>8 

38-6 

155 

141*6 

63-0 

215 

196-4 

87-4 

275 

251-2 

111-9 

^ 

32-9 

14-6 

9(1 

877 

39to 

166 

142-5 

63-5 

216 

>97-3 

87-9 

276 

252-1 

112-3 

^7 

33:8 

15-0 

^I 

88-6 

39-5 

167 

'43-4 

63-9 

217 

198-2 

88-3 

277 

253-1 

112-7 

3a 

34*7 

»5'5 

98 

89-5 

39.9 

158 

i44'3 

643 

218 

1992 

88-7 

278 

2540 

113-1 

^9 

356 

15-9 

99 

90-4 

40-3 

159 

H5-3 

64-7 

219 

200-1 

89-1 

279 

a54'9 

113-5 

40 

^^'5 

16., 

100 

91-4 

40-7 

160 

146*2 

65-1 

220 

201-0 

89*5 

280 

255-8 

113-9 

37'5 

i6-7 

101 

92.3 

41-1 

161 

147- X 

655 

221 

201'9 

899 

281 

256-7 

114-3 

43 

38-4 

17-1 

102 

932 

41-5 

162 

148-0 

659 

222 

202 -8 

903 

282 

257-6 

114-7 

43 

39-3 

»7-5 

103 

94- 1 

41-9 

163 

J489 

66-3 

223 

203-7 

90*7 

283 

2585 

115*1 

44 

40*2 

17-9 

104 

950 

4a-3 

164 

149-8 

66-7 

224 

204*6 

91-1 

284 

»59*4 
260-4 

115-5 

4a 

41M 

18-3 

105 

959 

42-7 

165 

150*7 

67-1 

225 

205-5 

91*5 

285 

115-9 

46 

42*0 

187 

106 

968 

43-1 

166 

1516 

6*»*5 

226 

206-5 

919 

286 

261-3 

ii6*3 

47 

42-9 

191 

107 

977 

435 

167 

152-6 

67-9 

227 

207-4 

92-3 

287 

262-2 

ii6*7 

48 

43*9 

19-5 

108 

987 

43*9 

168 

»53-5 

68-3 

228 

208-3 

92-7 

288 

263-1 

117-1 

49 

44*8 

199 

109 

99-6 

44*3 

169 

J54'4 

68-7 

229 

209-2 

93*1 

289 

264-0 

117*5 

60 

457 
46-6 

20'3 

110 

ioo*5 

447 

170 

«55'3 

69-1 

230 

210*1 

93*5 

2.90 

264*9 

II8-C 

51 

20'7 

111 

101-4 

45-1 

171 

156-2 

696 

231 

21I-0 

94-0 

291 

265-8 

118*4 

52 

47*5 

21'2 

112 

102 '3 

45-6 

172 

157*1 

70-0 

232 

211*9 

94*4 

292 

266-8 

118-8 

53 

484 

21*6 

113 

105-2 

46-0 

173 

158-0 

70-4 

233 

212-9 

94*8 

293 

267-7 

119*2 

54 

49'3 

22'0 

114 

104- 1 

46-4 

174 

159-0 

70*8 

234 

213-8 

95*2 

294 

2686 

H9-6 

55 

50*2 

22*4 

115 

105-1 

46-8 

175 

'59*9 

71*2 

235 

214*7 

95*6 

295 

2695 

120-0 

56 

SI-2 

22-8 

116 

106-0 

47-2 

176 

160-8 

71*6 

236 

215*6 

96*0 

296 

270-4 

120-4 

57 

521 

23*2 

117 

io6»9 

47-6 

177 

161-7 

72-0 

237 

216-5 

964 

297 

2713 

120-8 

58 

530 

23-6 

118 

107-8 

48*0 

178 

162-6 

72-4 

238 

217*4 

96*8 

298 

272-2 

121-2 

59     53-9 

24*0 

119 

108-7 

48-4 

179 

163-5 

72-8 

•23!) 

218*3 

97* 

299 

273-2 

121*6 

60     54*8 

a4'4 

120 

109-6 

48*8 

180 

164-4 

73-2 

240 

219-3 

97*6 

300 

274' 1 

I22'0 

Dist 

Dep. 

D.I.ut 

Dist. 

Dep. 

D.Lai 

Dist 

D(.p. 

D.  Lui 

Diht. 

Dep. 

D.  L»r 

Di^r. 

Dep. 

D.  Ut 
1                1 

()6°                                                      4*' 

t>r    1 

TABLE  2 

4f)3 

TRAVERSE  TAULE  TO  DEGREES                                             1 

25° 

P  4()"»     1 

Diit'0.Ut 

1 

D«p. 

DUt. 

D.  Ltt. 

Dep.  DiatJD.  Lat 

1 

Dep. 

Dist 

.  D.  Lat 

Dep. 

Oist  D.  Lat.|  Dnp.  { 

I 

0-9 

04 

61 

55-3 

258    121 

•1 
1097 

51*1 

181 

164*0 

76-5 

241 

218-4 

iox*9 

2 

I'i 

0-8 

62 

S6*a 

26*2 

122 

1 10-6 

51*6 

182 

164-9 

769 

242 

219-3 

X02-3 

3 

2-7 

«-3 

63 

57-1 

26-6 

123 

111-5 

52*0 

183 

J65-9 

77-3 

243 

220*2 

X02*7 

4 

3-6 

1-7 

64 

58*0 

27*0 

124 

112'4 

52*4 

184 

166-8 

77-8 

244 

221-1 

103-1 

5 

4*5 

2-1 

65 

58-9 

27*5 

125 

113-3 

51-8 

185    167-7 

78-2 

245 

222-0 

103-5 

6 

5*4 

»S 

66 

59-8 
oo'7 

27-9 

126 

1 14-2 

53*2 

186    x68-6 

78-6 

246 

223-0 

104-0 

7 

6-3 

3-0 

67 

28-3 

127 

J15-I 

53*7 

187'  1695 

79*0 

247 

223*9 

104-4 

8 

r3 

34 

68 

6i-6 

28-7 

128 

116-0 

54-1 

188 

170*4 

79*5 

248 

224-8 

104-8 

i 

9 

8-2 

3-8 

69 

62-5 

29-2 

129 

116-9 

54-5 

189 

«7«-3 

79*9 

249 

225-7 

105-2 

10 

91 

4-2 

70 

63-4 

29*6 

130 

1x7-8 

54*9 

190 

X72*2 

80-3 

250 

226-6 

1057 

11 

lo-o 

4-6 

71 

64-3 

30-0 

131 

XI8-7 

55-4 

191 

X73*x 

80-7 

251 

227-5 

106*1 

12 

io'9 

5> 

72 

65-3 

30*4 

132 

1x9-6 

55-8 

192 

X74*o 

811 

252 

228-4 

106*5 

13 

iiS 

5*5 

73 

66*2 

30-9 

133 

X20-5 

56*2 

193 

174-9 

8i*6 

253 

2293 

io6'9 

14 

11-7 

5*9 

74 

67*1 

31*3 

134 

X21'4 

566 

194 

175-8 

82*0 

254 

230-2 

107*3 

15 

136 

63 

75 

68-0 

31-7 

135 

122-4 

57-1 

195 

176*7 

82*4 

256 

23X-X 

107*8 

16 

H'S 

6-8 

76 

68*9 

32*1 

136 

123-3 

57-5 

196 

177*6 

82-8 

256 

232-0 

xo8-2 

17 

>5*4 

7-2 

77 

698 

3»*5 

137 

124-2 

57-9 

197 

178*5 

83-3 

257 

232*9 

X08-6 

18 

i6'3 

7-6 

78 

707 

33-0 

138 

X25-I 

58-3 

198 

179*4 

837 

258 

233-8 

xo9*o 

19 

17-2 

8*o 

79 

7i'6 

33*4 

139 

X26-0 

58*7 

199 

i8o*4 

84.- 1 

259 

»34-7 

109*5 

M 

i«i 

«-5 

80 

72-5 

33-8 

140 

126-9 

59-2 

200 

181*3 

84-5 

260 

235*6 

109*9 

21 

19-0 

8-9 

81 

73-4 

34-» 

141 

127-8 

59*6 

201 

182*2 

84-9 

261 

236*5 

110-3 

22 

19-9 

9*3 

82 

74-3 

34*7 

142 

128-7 

6o*o 

202 

x83*i 

85*4 

262 

^37-5 

110-7 

23 

20*8 

9*7 

83 

75'» 

35*1 

143 

X29'6 

6o'4 

203 

184*0 

85-8 

263 

238*4 

Ill'X 

24 

21-8 

lO-I 

84 

76' I 

355 

144 

130-5 

60*9 

204 

184*9 

86-2 

264 

239*3 

xix-6 

24 

227 

io'6 

86 

77-0 

35-9 

145 

131-4 

613 

205 

185-8 

86-6 

265 

240*2 

XX2-0 

26 

23-6 

II'O 

86 

77.9 

36-3 

146 

132*3 

61*7 

206 

186*7 

87-1 

266 

24X-I 

112*4. 

27 

HS 

1 1-4 

87 

78-8 

36-8 

147 

133-2 

62*1 

207 

187*6 

87-5 

267 

242-0 

112-8 

28 

^5*4 

II-8 

88 

79*8 

37-2 

148 

X34X 

62*5 

208 

188-5 

87-9 

268 

242-9 

113-3 

29 

26-3  1  12-3  1 

89 

807 

37.6 

149 

X3S-0 

63-0 

909 

189-4 

88-3 

269 

243-8 

113-7 

30 
31 

27*2 

11*7 

90 

8i-6 

38*0 

150 

135-9 

634 

210 

190*3 

88-7 

270 
271 

2447 

114*1 

281 

131 

91 

82.5 

385 

151 

136-9 

63-8 

211 

191*2 

89-2 

245-6 

114*5 

3f 

29-0 

13*5 

92 

83-4 

38*9 

152 

137-8 

64*2 

212 

192*1 

89-6 

272 

246  5 

1150 

33 
34 

29-9 

n-9 

93 

84-3 

393 

153 

138-7 

64*7 

213 

1930 

90-0 

273 

247-4 

1x5*4 

30-8 

«4-4 

94 

85*2 

39*7 

154 

139*6 

65*1 

214 

193-9 

90*4 

274 

248-3 

115-8 

35 

3»-7 

148 

95 

86*1 

40*1 

155 

140-5 

65-5 

215 

194-9 

90*9 

276 

249-2 

116*2 

36 

32*6 

152 

96 

87*0 

40*6 

156 

141*4 

65-9 

216 

195-8 

913 

276 

250*  X 

1166 

37    33-51 

156 

97 

87-9 

41-0 

157 

X42-3 

66*4 

217 

196-7 

917 

277 

251*0 

xi7'l 

38 

34*4 

161 

98 

88-8 

414 

158 

143*2 

66-8 

218 

X97»6 

92-1 

278 

»5>*.o 

117-5 

39 

35*3 

i6'5 

99 

897 

41-8 

159 

144-1 

67-2 

919 

198*1 

92*6 

279 

2529 

1179 

40 

36-3 

y.€-^ 

100 

90*6 

42-3 

160 

145-0 

67-6 

220 

i99»4 

93-0 

280 

2538 

118-3 

41 

37-2 

17-3 

101 

91-5 

4»-7 

i«r 

1459 

68*0 

221 

290-3 

93-4 

28] 

a  54' 7 

118-8 

42 

3«i 

177 

102 

92-4 

43« 

162 

146-8 

68*5 

222 

20 1-2 

93-8 

282 

255-6 

ng-a 

43 

390 

X8*2 

103 

93*3 

435 

163 

147-7 

68*9 

223 

202  •  I 

94-2 

283 

2565 

119-6 

44 

39-9 

i8-6 

104 

94*3 

440 

164 

148-6 

693 

224 

203-0 

947 

284 

257*-^ 

12O-J0 

4.5 

40*8 

X9*o 

105 

95» 
96*1 

444 

165 

'495 

69-7 

225 

203-9 

951 

286 

258-1 

120-4 

4f 

41-7 

19*4 

106 

44-8 

166 

i50«4 

70-2 

226 

204*8 

95-5 

286 

259-2 

I20*9 

47 

42-6 

19-9 

107 

97'o 

45a 

167 

151-4 

70*6 

227 

205-7 

959 

287 

260-1 

121-3 

48 

43*5 

20*3 

108 

97.9 

45*6 

168 

152*3 

71*0 

228 

206*6 

$i 

288 

261-0 

121-7 

49 

44-4 

20*7 

109 

98-8 

46X 

169 

153-2 

71-8 

929 

207-5 

289 

261-9 

122*  X 

50 
51 

45-3 

21*1 

110 

997 

46-5 

170 

154-1 

230 

208*5 

97-2 

200 

2628 

122*6 

46*2 

21-6 

111 

ioo*6 

46-9 

171 

155-0     72-3  1 

231 

209-4 

97-6 

291 

263-7 

123-0 

52 

47-1 

2a*o 

112 

ioi'5 

47*3 

172 

>55'9 

72*7 

232 

210*3 

98-0 

292 

264*6 

"3*4 

53 

48*0 

22*4 

113 

X02*4 

47*8 

173 

156-8 

73-1 

233 

211-2 

985 

293 

265-5 

123-8 

54 

48-9 

22*8 

lU 

103-3 

48-2 

174 

157-7 

73-5 

234 

212-1 

98-9 

294 

266-5 

124*2 

55 

498 

232 

115 

104*2 

486 

176 

158-6 

74-0 

235 

213*0 

99-3 

295 

267-4 

124-7 

56 

50-8 

»3-7 

116 

lOfl 

49-0 

176 

159-5 

744 

236 

213-9 

99-7 

296 

268-3 

125*1 

57 

51*7 

24*  I 

117 

xo6*o 

49'4 

177 

160*4 

74-8 

237 

214-8 

100-2 

297 

269*2 

125-5 

68 

52-6 

»4-5 

118 

io6*9 

49*9 

178 

161-3 

752 

238 

2x5-7 

ico-6 

298 

270-1 

125-9 

59 

53*5 

24-9 

119 

107-9 

50-3 

179 

162*2 

75-6 

239 

216-6 

loi-o 

299 

271*0    126-4 

60 

54*4 

*5-4 

120 

108*8 

50-7 

180 

163*1 

76-x 

240 

217-5 

101-4 

300 
Hist. 

271-9    126-8 

-iir. 

Dep. 

D.Ut 

Oi«t. 

Dep.    D.Lat 

Dist 

Dep. 

D.  Lat. 

Hist. 

Dep. 

Dep.  D.Ut 

ec 

►° 

411  20'"     1 

461 

TABLE  2 

TRAVERSE  TABLE  TO  DKCiREKS 

26° 

id 

44X 

Dist.  D.Lat 

Dep. 

Dist. 

D.  Lat. 

Dep. 

Dist 

D.  r^t. 

Dep. 

Diet. 

D.  Lit 

D^p. 

Dist  D.  Lat. 

Dep. 

1 

0-9 

0-4 

61 

54-8 

26-7 

121 

108-8 

53-0 

181 

162-7 

79*3 

241 

2i6»6 

105-6 

2 

1-8 

09 

62 

55*7 

27*2 

122 

109-7 

53*5 

182 

163*6 

79*8 

242 

217-5 

io6-i 

3 

2-7 

1*3 

63 

56-6 

27*6 

123 

iio'6 

53*9 

183 

164-5 

80-2 

243 

2i8'4 

ic6*5 

4 

3-6 

1-8 

64 

57'5 

28*1 

124 

111-5 

54*4 

184 

165-4 

80-7 

244 

219-3 

107-0 

6 

4-5 

2*2 

65 

58-4 

28-5 

125 

112'3 

54-8 

1&) 

166-3 

81X 

245 

220*2 

107-4 

6 

/  6-3 

2'6' 

66 

59*3 

28-9 

126 

113*2 

55** 

186 

167-2 

81-5 

246 

221- 1 

107*8 

7 

3i 

67 

60' 2 

29-4 

127 

114-1 

55*7 

187 

168-1 

82-0 

247 

222-0 

io8*3 

8 

7-2 

35 

68 

611 

29*8 

128 

115-0 

561 

188 

169-0 

82-4 

248 

222-9 

io8*7 

9 

8-1 

3*9 

69 

62*0 

30-2 

129 

"5*9 

56*5 

189 

169-9 

82-9 

249 

223-8 

109-2 

10 

9'o 

4'4 

70 

62*9 

30-7 

130 

ii6-8 

57-0 

190 

170-8 

83*3 

250 

224-7 

109-6 

11 

9.9 

4-8 

71 

63-8 

31-1 

131 

1x7-7 

57*4 

191 

171-7 

83*7 

251 

225-6 

110*0 

12 

IO-8 

5'3 

72 

64-7 

31-6 

132 

118-6 

57*9 

192 

172-6 

84*2 

252 

226-5 

1 10-5 

18 

11-7 

5*7 

73 

65-6 

32*0 

133 

"9*5 

58-3 

193 

»73*5 

84*6 

253 

227-4 

110*9 

14 

12'6 

6-1 

74 

66-5 

32-4 

131 

120-4 

58*7 

194 

174*4 

85-0 

254 

228-3 

111*3 

L5 

n'S 

6-6 

75 

67-4 

32-9 

135 

121-3 

59-2 

195 

175*3 

85*5 

255 

229-2 

1 1 1-8 

10 

14-4 

7*o 

76 

68-3 

33*3 

136 

122-2 

59-6 

196 

176-2 

85-9 

256 

230-1 

112-2 

17 

15*3 

7'5 

77 

69*2 

33-« 

137 

123' 1 

6o"i 

197 

177*1 

86-4 

257 

231-0 

112*7 

18 

16*2 

7*9 

78 

70*1 

34*1 

138 

124-0 

60-5 

198 

178-0 

86-8 

258 

231-9 

II3-1 

19 

I7'i 

8-3 

79 

JVO 

34-6 

139 

124-9 

60*9 

199 

178-9 

87-2 

259 

232-8 

113-5 

2U 

i8'0 

8-8 

80 

71-9 

35'» 

140 

125-8 

61-4 

200 

179*8 

87-7 

260 

a33*7 

114-0 

21 

i8'9 

92 

81 

728 

35*5 

141 

126-7 

6r8 

2U1 

180-7 

88-1 

261 

2346 

114*4 

22 

19*8 

9-6 

82 

73*7 

35*9 

142 

127-6 

62*2 

202 

181-6 

88-6 

262 

«35*5 

114-9 

23 

20*7 

10*  I 

83 

74-6 

36-4 

143 

128-5 

62-7 

203 

182-5 

89-0 

263 

236*4 

115-3 

24 

21*6 

io*5 

84 

75*5 

36-8 

144 

129-4 

63-1 

204 

183*4 

894 

264 

237*3 

115-7 

25 

22-5 

ii*o 

•85 

76-4 

37*3 

145 

130-3 

63-6 

205 

184*3 

89*9 

265 

238*2 

116*2 

26 

23-4 

11-4 

86 

77*3 

37*7 

146 

131-2 

64-0 

206 

185*2 

90*3 

266 

239*  1 

1166 

27 

14-3 

11*8 

87 

7«-» 

38-1 

U7 

132*1 

64-4 

207 

X86-I 

90*7 

267 

240*0 

117-0 

28 

25*2 

I2'3 

88 

79*1 

38-6 

148 

133-0 

64-9 

208 

186-9 

91-2 

268 

240-9 

117-5 

29     26- 1 

I2'7 

89 

8o-o 

39-0 

U9 

133*9 

65:3 

209 

187-8 

91-6 

269 

241-8 

117-9 

3(1     27 -o 

13-2 

90 

80-9 

39*5 

150 

134*8 

65-8 

210 

188-7 

92-1 

270 

241-7 

118*4 

31 

27-9 

X3'6 

91 

8r8 

39*9 

151 

135*7 

66*2 

211 

189-6 

92-5 

271 

2436 

1x8-8 

32 

288 

14*0 

92 

82-7 

40-3 

152 

136*6 

66-6 

212 

190*5 

929 

272 

a44*5 

119*2 

33 

29-7 

14-5 

93 

83-6 

40-8 

153 

137-5 

67-1 

213 

191-4 

93*4 

273 

»45*4 

119*7 

34 

30*6 

149 

94 

84-5 

41-2 

154 

138-4 

67-5 

214 

192-3 

93*8 

274 

246-3 

120-X 

35 

3>-5 

«S'3 

95 

854 

41-6 

155 

139-3 

67-9 

215 

193-2 

94'2 

275 

247-2 

X20*6 

36 

32-4 

15-8 

96 

86-3 

42-1 

156 

I40'2 

68-4 

216 

194*1 

94*7 

276 

248-1 

121*0 

37 

33*3 

l6-2 

97 

87-2 

42-5 

157 

141-1 

68-8 

217 

195*0 

95*1 

277 

249*0 

121*4 

38 

34-2 

i6'7 

98 

88-1 

43*o 

158 

142-0 

69-3 

218 

195*9 

95-6 

278 

249-9 

121*9 

39 

35-J 

i7'i 

99 

89-0 

43*4 

159 

142-9 

69*7 

219 

196-8 

96*0 

279 

250*8 

122-3 

40 
41 

36*0 
36-9 

X7'5 

100 

89-9 

43J. 

160 

143-8 

70-1 

220 

197-7 

96-4 

280 

251-7 

122*7 

i8-o 

101 

90- 8 

44*3 

L61 

»44'7 

70*6 

-221 

198-6 

96*9 

281 

252*6 

123-2 

42 

37*7 

18-4 

102 

91*7 

44' 7 

162 

145-6 

71*0 

222 

199*5 

97*3 

282 

153*5 

X23-6 

43 

38-6 

x8-8 

103 

92*6 

45-» 

163 

146-5 

7»*5 

223 

200-4 

97*8 

283 

454*4 

1241 

44 

39*  S 

I9"3 

104 

93*5 

45-6 

164 

H7*4 

71-9 

224 

201-3 

98*2 

284 

a55*3 

124'5 

45 

40-4 

19-7 

105 

94-4 

46'o 

165 

148-3 

72-3 

225 

2Q2-2 
203-1 

98-6 

285 

256-2 

124-9 

46 

4J-3 

20-2 

106 

95*3 

46- 5 

166 

X49-2 

72-8 

226 

99*1 

286 

a57'i 

125-4 

47 

42*2 

20*6 

107 

96*2 

46-9 

167 

150-1 

73-2 

227 

204-0 

99*5 

287 

258-0 

125*8 

48 

43*  X 

21'0 

198 

97-1 

47"3 

168 

151-0 

73*6 

228 

204-9 

99*9 

288 

258*9 

126*3 

49 

44-0 

21-5 

109 

98-0 

47-8 

169 

151-9 

74*1 

229 

205-8 

ico*4 

289 

259*8 

126-7 

50 
61 

44'9 

21*9 

110 

98-9 

482 

170 

152-8 

74*5 

2»0 

206-7 

100-8 

290 

z6o*7 

127-1 

45-8 

22'4 

111 

998 

48-7 

171 

153*7 

75-0 

231 

207-6 

101-3 

291 

261-5 

X27*6 

52 

46-7 

22-8 

112 

ioo*7 

49*' 

172 

154-6 

75'4 

232 

208-5 

101-7 

292 

262-4 

128-0 

1 

53 

47-6 

23-2 

113 

xoi'6 

49*5 

173 

155*5 

75*8 

233 

209*4 

102*1 

293 

263-3 

128*4 

5A 

48-5 

23-7 

114 

102-5 

50*0 

174 

156-4 

76-3 

234 

210-3 

102-6 

294 

2642 

128*9 

55 

49*4 

24-1 

115 

103-4 

50-4 

m 

M7-3 

76-7 

235 

211-2 

103-0 

295 

265-1 

129*3 

56 

503 

H-5 

116 

104-3 

50-9 

176 

1582 

77.2 

236 

2I2-I 

103-5 

296 

266*0 

129-8 

57 

51-2 

25-0 

117 

105-2 

S»*3 

177 

159-1 

77-6 

237 

213-0 

103-9 

297 

266*9 

130-2 

58 

52-1 

*5*4 

118 

io6-i 

51*7 

178 

x6o-o 

78-0 

238 

213-9 

104-3 

298 

267*8 

130-6 

59 

53-0 

25-9 

119 

107-0 

52-2 

179 

160-9 

78-5 

239 

214-8 

104-8 

299 

268*7 

1311 

60 

53*9 

26*3 

120 

107-9 

52-6 

180 

i6r8 

78-9 

240 

215-7 

105-2 

300 

269*6 

131*5 

Oist. 

D«  '.  O.Ux 

• 

Dist. 

Dfp. 

1 

D.Liit 

Dist 

D»»p. 

D.  Ut. 

Dist 

Dep. 

D.Lai. 

Dist 

Dep. 

D  La 

64^ 

_ 

4h 
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270 

P  4f^™ 

Dist.  D.LatI  De;-. 

1 

Dist. 

D.  but. 

Dep. 

Ul5t, 

D.Ijit 

Dep. 

Diat 

.D.Lat. 

Dep. 

Dist 

D.  LMt 

Dep. 

I 

0-9 

0-5 

61 

54*4 

^-ri 

121 

107-8 

54-9 

181 

161-3 

82*2 

241 

214-7 

109*4 

S 

v% 

09 

62 

55*a 

28- 1 

122 

io8»7 

55'4 

182 

162*2 

82*6 

242 

215*6 

109*9 

9 

2-7 

1-4 

63 

56- 1 

28-6 

123 

109*6 

55-8 

183 

163*1 

83*1 

243 

216*5 

no*  3 

4 

3*6 

1-8 

64 

sro 

29*1 

124 

no*  5 

56*3 

184 

163*9 

83*5 

244 

217*4 

I10-8 

S 

4'5 

2*3 

65 

579 

29*5 

125 

111*4 

56*7 

185 

164*8 

84-0 

245 

218*3 

111*2 

6 

53 

2*7 

66 

588 

30*0 

126 

112*3 

57*2 

186 

165-7 

84*4 

246 

219*2 

111-7 

7 

6-2 

3* 

67 

59*7 

30*4 

127 

1x3*2 

57*7 

187 

1666 

84*9 

247 

220*'l 

112*1 

8 

7-1 

3-6 

68 

60*6 

30*9 

128 

114*0 

58*1 

188 

167*5 

85*4 

248 

221*0 

112*6 

9 

8o 

4*1 

69 

6,-5 

31*3 

129 

114-9 

58*6 

]8f» 

168*4 

85-8 

249 

221*9 

113*0 

10 

8«9 

4-5 
5*o 

70 

62*4 

31-8 

130 

115*8 

59*0 

100 

169-3 

86*3 

250 

222*8 

113-5 

U 

9-8 

71 

63*3 

32*2 

131 

ii6*7 

59*5 

191 

170*2 

86*7 

251 

223-6 

114-0 

12 

io*7 

5*4 

72 

64*2 

3a- 7 

132 

117*6 

59*9 

192 

171-1 

87-2 

232 

in*  5 

114-4 

13 

ir6 

l\ 

73 

65*0 

33-1 

133 

118*5 

6o*4 

103 

172-0 

87*6 

253 

2254 

114-9 

14 

12*5 

74 

65-9 

33*6 

134 

119*4 

60*8 

104 

172-9 

S81 

254 

226-3 

115*3 

15 

'3*4 

6-8 

75 

66*8 

34*0 

135 

120*3 

61*3 

195 

173*7 

88-5 

255 

227*2 

1158 

16 

>4'3 

7*3 

76 

67-7 

34*5 

136 

121*2 

6i*7 

196 

1746 

89*0 

256 

228*1 

116-2 

17 

I5-I 

7-7 

77 

68*6 

35*o 

137 

122- 1 

62*2 

107 

>75*5 

89*4 

257 

229-0  '  ii6*7  1 

18 

i6'o 

8-2 

78 

69*5 

35'4 

138 

123-0 

62*7 

198 

176-4 

89*9 

258 

229*9 

117*1 

19 

i6*9 

8*6 

79 

70*4 

359 

139 

123*8 

63*1 

109 

177-3 

90*3 

250 

230*8 

117*6 

SO 

ir« 

9» 

80 

71*3 

36*3 

140 

124*7 

63*6 

200 

178*2 

90-8 

260 

231*7 

118*0 

SI 

x3*7 

95 

81 

72*2 

368 

141 

125*6 
126*5 

64-0 

201 

179*1 

91*3 

261 

232*6 

ii8*5 

ss 

19*6 

10-0 

82 

73' » 

37** 

142 

64-5 

202 

iSo'o 

91*7 

262 

a33*4 

118*9 

S3 

20*5 

10*4 

83 

74*o 

37*7 

143 

127*4 

64-9 

203 

180-9 

92*2 

263 

234*3 

119*4 

«4 

*i'4 

10*9 

84 

74-8 

3«i 

144 

128*3 

6c*4 

204 

181*8 

92*6 

264 

235*2 

119*9 

» 

22*3 

1 1-3 

85 

75-7 

38'6 

145 

129*2 

658 

205 

182-7 

93*  1 

266 

236*1 

120*3 

l» 

23*2 

11-8 

86 

76*6 

390 

146 

130*1 

663 

206 

183*5 

93*5 

266 

237-0 

120*8 

87 

24*1 

12*3 

87 

77' 5 

39*5 

147 

131*0 

66*7 

207 

184*4 

940 

267 

237*9 

121*2 

98 

H-9 

12*7 

vz 

78-4 

40*0 

148 

131*9 

67*2 

208 

185*3 

94*4 

268 

238*8 

121*7 

29 

258 

13*2 

89 

79*3 

40*4 

149 

13»'8 

67*6 

209 

186-2 

94*9 

269 

239*7 

122*1 

30 

26*7 

13*6 

90 

8o*2 

40-9 

150 

i33'7 

68*1 

210 

187*1 

95*3 

270 

240-6 

122-6 

3! 

27-6 

14*1 

91 

8i*i 

41-3 

151 

»34-5 

68*6 

211 

188-0 

95-8 

271 

241*5 

123*0 

38 

2«*S 

>4-5 

92 

82*0 

41-8 

152 

1354 

69*0 

212 

188-9 

96*2 

272 

242*4 

123-5 

33 

29*4 

15*0 

93 

82*9 

42*2 

153 

136*3 

69*5 

213 

189-8 

96*7 

273 

243*2 

123-9 

34 

30-3 

»5'4 

94 

838 

42*7 

154 

I3ra 

69*9 

214 

190-7 

97-2 

274 

244-1 

124-4 

35 

31*2 

15*9 

95 

84-6 

43- « 

155 

138*1 

70*4 

215 

191*6 

97*6 

275 

245-0 

124*8 

38 

32*1 

i6*3 

96 

85-5 

43*6 

156 

1390 

70*8 

216 

192-5 

98*1 

276 

a45'9 

I25.-3 

37 

33-0 

t6-8 

97 

86*4 

44*o 

lfi7 

139-9 

71*3 

217 

193*3 

98*5 

277 

246*8 

125*8 

38 

33*9 

17*3 

96 

87-3 

44' 5 

158 

140*8 

71*7 

218 

194-2 

99-0 

278 

247*7 

126*2 

39 

34*7 

17*7 

99 

88*2 

44*9 

159 

141*7 

72*2 

210 

195-1 

99*4 

279 

248*6 

126*7 

40 

35-6 

l8*2 

too 

89*1 

45*4 

160 

142*6 

72*6 

220 

196-0 

99.9 

280 

»49"5 

127*1 

41 

36-5 

18*6 

101 

90*0 

45*9 

161 

J43'5 

73-1 

221 

196*9 

ioo*3 

281 

250*4 

J27*6 

42 

37-4 

19*  1 

102 

90*9 

46-3 

162 

144*3 

73'S 

222    1978 

ioo*8 

282 

251-3 

128*0 

43 

^8-3 

»9*5 

103 

91-8 

46*8 

163 

145*2 

74-0 

223    198*7 

101*2 

283 

252-2 

128-5 

44 

392 

20*0 

104 

92*7 

^r^ 

•164 

146*1 

74*5 

224 

199-6 

101*7 

284 

253*0 

128*9 

45 

40*1 

ao*4 

105 

93*6 

47*7 

165 

147*0 

74*9 

225 

200*5 

102*1 

285 

*53*9 

129-4 

4» 

41*0 

20*9 

106 

94-4 

48-1 

166 

147*9 

75*4 

226 

201*4 

102*6 

286 

254*8 

129*8 

47 

41-9 

21*3 

107 

95*3 

48*6 

167 

148*8 

75*8 

227 

202*3 

103*1 

287 

»55-7 

130-3 

48 

4»-8 

21-8 

106 

96*2 

49*o 

168 

H9'7 

76*3 

228 

203*1 

103*5 

288 

256-6 

130*7 

49 

43-7 

22*2 

109 

97-1 

49' 5 

160 

150*6 

76*7 

229 

204*0 

104*0 

289 

^srs 

131*2 

M 

44-6 

22*7 

no 

98*0 

49*9 

170 

151-5 

77'a 

230 

204-9 

104*4 

290 

• 

258*4 

131*7 

61 

45'4 
4ft'3 

23*2 

111 

98*0 
99-8 

50*4 

171 

152*4 

77.6 

231 

205*8 

104*9 

291 

259-3 

132*1 

59 

236 

112 

50*8 

172 

>53'3 

78-1 

232 

206-7 

105*3 

282 

260*2 

132*6 

63 

47-a 

24*1 

lis 

ioo"7 

51*3 

173 

1541 

78*5 

233 

207-6 

105-8 

293 

261-1 

133*0 

64 

481 

24-5 

114 

tO]*6 

51-8 

174 

155*0 

79*0 

234 

208*5 

106*2 

294 

262-0 

133*5 

66 

49-0 

25*0 

115 

102*  5 

52*2 

175 

J55-9 

79*4 

235 

209*4 

io6*7 

296 

262*8 

133*9 

Nl 

499 
50-8 

a5-4 

116 

1034 

52-7 

176 

156*8 

79*9 

236 

2IO*3 

107-1 

296 

263*7 

134-4 

67 

»5'9 

117 

104*2 

53*1 

177 

157*7 

80-4 

237 

211*2 

107'6 

297 

264*6 

134-8 

66 

51*7 

26*3 

116 

10  5' 1 

53-6 

178 

158*6 

80*8 

238 

212*1 

108*0 

298 

265*5 

135*3 

60    52-6 

26*8 

119 

to6*o 

54*o 

170 

»59*5 

81*3 

239 

213-0 

108*5 

209 

266*4 

U5-7 

60  srs 

27»2 

120 

io6*9 

54*5 

186 

160*4 

81-7 

240 

V3*8 

109*0 

800 

267- 3 

136*2 

iDiMJDap. 

d.lJ 

Dist 

Dep. 

D.Lai  DUr. 

Dtp. 

D.Ut. 

Dist. 

Da|). 

D.Lat. 

Dist. 

Dep. 

D.Ur 

63^ 

4^  12«     1 

a  M 
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28° 

P 

52« 

Dist. 

DX«L  Dep. 

Dist. 

D.Lat. 

Dep. 

Dist 

D.  Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist  D.  Let. 

Dep. 

1 

O'Q 

0-5 

61 

53*9 

28*6 

121 

io6-8 

568 

181 

159-8 

85*0 

241 

212-8 

113-1 

2 

1-8 

o»9 

62 

54*7 

29-1 

122 

107-7 

57'3 

162 

160-7 

85*4 

242 

213*7 

113*6 

3 

1*6 

»*4 

63 

5S-6 

29*6 

123 

io8*6 

577 

183h 

161-6 

85-9 

243 

214-6 

114-1 

4 

3-5 

«-9 

64 

56-5 

30*0 

1-24 

109-5 

582 

184 

162-5 

86-4 

244 

215-4 

114*6 

6 

4*4 

a-3 

66 

57-4 

30-5 

126 

1 10-4 

587 

186 

163-3 

869 

246 

2i6*3 

115-0 

ff 

5'3 

2-8 

66 

58-3 

31-0 

126 

111-3 

592 

186 

164*2 

873 

246 

217*2 

ii$*5 

7 

6-2 

3*3 

67 

59-2 

31*5 

127 

112*1 

596 

187 

165-1 

87-8 

247 

218-1 

ii6-o 

8 

71 

3-8 

68 

6o'o 

31-9 

128 

1130 

60*1 

188 

166-0 

8S-3 

248 

219-0 

116*4 

9 

79 

4-2 

60 

60*9 

32-4 

129 

"3'9 

60-6 

l»9 

166-9 

88-7 

249 

2199 

116*9 

10 

8-8 

47 

70 

61-8 

329 
333 

130 
131 

114-8 

6 10 

190 

167-8 

89-2 

250 

220-7 

117-4 

U 

9*7 

5'* 

71 

62-7 

115-7 

6i-5» 

191 

168-6 

897 

251 

221*6 

117*8 

12 

io'6 

5-6 

72 

636 

33-8 

132 

116-5 

62-0 

192 

169-5 

90-1 

252 

222'5 

118-3 

13 

II-5 

6-1 

73 

645 

34*3 

133 

1 17-4 

62-4 

193 

170-4 

90-6 

253 

223-4 

118-.S 

14 

I2'4 

6-6 

74 

65-3 

34*7 

134 

II8-3 

62*9 

194 

171-3 

91-1 

254 

2243 

119-2 

16 

13a 

7-0 

76 

66-2 

35-2 

135 

119-2 

634 

196 

172-2 

91-5 

256 

225*2 

119-7 

16 

141 

7*5 

76 

67*1 

357 

136 

120- 1 

638 

196 

173-1 

92-0 

266 

226-0 

I20-2 

17 

15*0 

8-0. 

77 

680 

36-1 

137 

I21'0 

64-3 

197 

173-9 

92- 5 

257 

226-9 

120-7 

18 

«5"9 

8-5 

78 

68-9 

366 

188 

I2I-8 

64-8 

198 

174-8 

930 

268 

227*8 

121-1 

19 

168 

8-9 

79 

698 

37-1 

139 

122-7 

65-3 

199 

1757 

93*4 

269 

228-7 

121*6 

20 

17-7 

9*4 

80 

70'6 

37-6 

140 

1236 

657 

200 

176-6 

93*9 

260 

229-6 

122*1 

21 

185 

9*9 

81 

ji'S 

38-0 

141 

124-5 

66-2 

201 

177-5 

94'4 

261 

2304 

122*5 

22 

19*4 

io*3 

82 

724 

38-5 

142 

125-4 

66-7 

202 

178-4 

94-8 

262 

231-3 

123*0 

23 

20*3 

10*8 

83 

73*3 

39-0 

143 

126-3 

67-1 

203 

179-2 

95*3 

263 

232*2 

123*5 

24 

2I»2 

11-3 

84 

74*» 

39*4 

144 

1271 

67-6 

204 

180*1 

95-8 

264 

233-1 

123*9 

25 

22*1 

ii*7 

86 

75-1 

39'9 

145 

128-0 

68-1 

206 

181-0 

96-2 

265 

234-0 

124-4 

26 

%yO 

12*2 

86 

75*9 

40-4 

!46 

128-9 

68-5 

206 

i8i'9 

96-7 

266 

2349 

124-9 

27 

23*8 

12*7 

87 

76-8 

40-8 

147 

129-8 

69*0 

207 

182-8 

97*2 

267 

235*7 

125*3 

28 

247 

13-1 

88 

77*7 

41-3 

148 

130-7 

695 

208 

183-7 

977 

268 

.236-6 

125-8 

29 

25*6 

13.6 

89 

78-6 

41-8 

149 

131-6 

70-0 

209 

184-5 

98*1 

269 

237*5 

126-3 

30 
31 

265 

14-1 

90 

79' 5 

4^-3 

160 

132-4 

70-4 

210 

185-4 

98-6 

270 

238*4 

126*8 

27-4 

14*6 

91 

80-3 

42-7 

161 

»33'3 

709 

211 

186-3 

99*1 

271 

239-3 

127*2 

32 

283 

15*0 

92 

8l*2 

43» 

162 

134-2 

71-4 

212 

187-2 

99*5 

272 

240-2 

127-7 

33 

29*2 

»5'5 

93 

821 

437 

163 

135*1 

718 

213 

1881 

100-0 

273 

241-0 

128*2 

34 

30*0 

16*0 

94 

83-0 

44*' 

164 

136-0 

7a-3 

214 

189-0 

100-5 

274    241-9 

128-6 

3A 

30-9 

i6-4 

96 

839 

44.6 

156 

136-9 

72-8 

216 

189-8 

ioo'9 

276 

242-8 

129-1 

36 

31-8 

i6»9 

96 

84-8 

45*  I 

166 

«377 

73.2 

216 

190-7 

101-4 

276 

1437 

129-6 

87 

327 

17-4 

97 

85-6 

45-5 

167 

138-6 

737 

217 

191*6 

10 1 '9 

277 

2446 

130-0 

38 

33-6 

178 

98 

86-5 

46-0 

168 

n9-5 

74-2 

218 

192-5 

102-3 

278 

a45*S 

130*5 

39 

34-4 

183 

99 

87-4 

465 

159 

140-4 

74-6 

219 

193*4 

102 '8 

279 

246*3 

1310 

40 

35*3 

i8-8 

100 

88*3 

46-9 

160 

141-3 

75-1 

220 

194-2 

103-3 

280 

247*2 

131-5 

41 

36*2 

19*2 

101 

89*2 

47*4 

161 

142-2 

75-6 

221 

195-1 

103-8 

281 

248*1 

131*9 

42 

37*1 

19-7 

102 

90*  I 

47*9 

162 

143-0 

76-1 

222 

196*0 

104*2 

282 

249-0 

132-4 

43 

380 

20*2 

103 

909 

484 

163 

143-9 

765 

223 

1969 

104-7 

283 

2499 

132-9 

44 

38-8 

20*7 

104 

91*8 

488 

1^4 

1448 

77-0 

2-24 

197-8 

105-2 

284 

250*8 

»33-3 

48 

39*7 

2ri 

106 

92-7 

49*3 

165 

H57 

77*5 

225 

198-7 

105-6 

285 

251*6 

1338 

46 

40*6 

21*6 

106 

93-6 

49*8 

166 

146-6 

77.9 

226 

*99*5 

106-1 

286 

2525 

«34-3 

47 

4'-5 

22*1 

197 

94*5 

50-2 

167 

H7-5 

78-4 

227 

200-4 

106*6 

287 

»53-4 

1347 

48 

42-4 

22-5 

108 

95*4 

50-7 

168 

148-3 

78-9 

228 

ioi'3 

107-0 

288 

a54-3 

135-2 

49 

^3-3 

23-0 

109 

96-2 

512 

169 

1492 

79*3 

229 

202-2 

107-5 

289 

255*2 

1357 

60 

44-« 

235 

110 

97-1 

5X-6 

170 

i^o-i 

79*8 

230 
231 

203-1 

108*0 

290 

256-1 

136*1 

61 

45-0 

23-9 

111 

98  0 

52-1 

171 

151  0 

80-3 

204*0 

xo8*4 

201 

256*9 

136-6 

62 

^n 

»4-4 

112 

98-9 

52-6 

172 

151-9 

80-7 

232 

204-8 

108-9 

292 

257-8 

137*1 

63 

468 

24-9 

113 

99-8 

53-1 

173 

152-7 

81-2 

2:i3 

205*7 

109*4 

2<I3 

258-7 

137-6 

64 

47-7 

*5*4 

114 

1C07 

53'5 

174 

153-6 

81-7 

234 

2o6'6 

109-9 

294 

259-6 

138*0 

66 

48*6 

2J-8 

116 

101-5 

54-0 

175 

>54-5 

82-2 

236 

207-5 

110-3 

296 

260-5 

138-5 

66 

49*4 

26*3 

116 

t02'4 

54-5 

176 

155-4 

82-6 

236 

208*4 

1 10-8 

296 

261*3 

139*0 

67 

50-3 

26*8 

117 

103-3 

54*9 

177 

156-3 

83-1 

237 

209-3 

111*3 

207 

262-2 

>39*4 

68 

512 

27*2 

118 

104*2 

55-4 

178 

157-2 

836 

238 

210-1 

111-7 

29» 

263-1 

139*9 

59 

52-1 

27-7 

119 

105-1 

559 

179 

1580 

84-0 

239 

211*0 

112-2 

299 

264-0 

140*4 

60 

sro 

28*2 

120 

rc6*o 

56-3 

180 

i5«-9 

84-5 

240 

211-9 

1I2'7 

30<» 

2649 

140-8 

Diat. 

Dep. 

D.Ut 

Disu 

Drp. 

U.Ut 

Dist 

Dep. 

D.Lst 

Dist. 

Dep. 

D.Ut 

Dist 

De|i» 

D.Lat. 

'•                         » 
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TRAVERSE  TABLE  TO  DEGREES 

1 

29« 

i"»5e)*»n 

l>ltt 

O.Ui 

Dtip. 

Dist 

D.  Lat J  Dep. 

DUt  D.  Lat. 

D6|i. 

Diat 

D.  Lat. 

Dep. 

Dist 

.D.Lat 

Dep. 

) 

0-9 

0-5 

61 

53*4 

29*6 

121 

105-8 

58-7 

181 

158-3 

87*8 

241 

2XO'8 

1x6*8 

9 

1-7 

I'O 

62 

54*» 

30*  I 

122 

106-7 

59*1 

182 

IJ9*2 

160- 1 

88-2 

242 

2X1*7 

117-3 

s 

2-6 

1*5 

63 

56-0 

30-5 

123 

107-6 

59-6 

183 

88-7 

243 

212*5 

117*8 

4 

3*5 

1-9 

64 

3  I'O 

124 

108  5 

60*  X 

184 

160*9 

89*2 

244 

213*4 

1x8*3 

5 

4*4 

a-4 

65 

56-9 

31-5 

125 

109*3 

6o*6 

185 

161-8 

89*7 

245 

214-3 

ii8*8 

ff 

r* 

2'9 

66 

57-7 

32-0 

126 

110*2 

61-1 

186 

162-7 

90-2 

246 

21J*2 
216*0 

119*3 

7 

6i 

3*4 

67 

58-6 

3»*5 

127 

IlfX 

61-6 

187 

163-6 

90*7 

247 

1x9*7 

8      7*0 

3*9 

68 

595 

330 

128 

1X2-0 

62*1 

188 

164*4 

911 

248 

216-9 

X20*2 

9      7*9 

4-4 

60 

60-3 

33'5 

129 

II2-8 

62*5 

189 

165-3 

91*6 

249 

217*8 

X20*7 

10      8-7 

4-8 

70 

61*2 

339 

ISO 

113-7 

63*0 

100 

166*2 

92*1 

250 

2i8*7 

121-2 

n 

96 

5'3 

71 

62*1 

344 

\:n 

II4-6 

63-5 

191 

167*1 

92-6 

251 

219-5 

121*7 

12 

io"5 

5-8 

72 

63*0 

34'9 

182 

115*4 

64*0 

192 

167-9 

93*1 

252 

220'4 

122*2 

13 

II-4 

6-3 

73 

63-8 

35*4 

133 

110*3 

64*5 

103 

168-8 

93*6 

253 

221*3 

122-7 

U 

12-2 

6-8 

74 

64-7 

35"9 

134 

117*2 

65*0 

194 

169-7 

94*1 

254 

222*2 

I23-I 

15 

131 

7*3 

75 

65-6 

364 

135 

1181 

65-4 

195 

170*6 

94*5 

255 

223*0 

123*6 

16 

i4'o 

7-8 

70 

66-5 

36-8 

136 

ii8'9 

65*9 

196 

171-4 

95-0 

256 

223*9 

124*1 

17 

14-9 

8-2 

77 

67-3 

37*3 

137 

1x9-8 

66-4 

197 

172*3 

95*5 
96-0 

257 

224*8 

124*6 

18 

«5-7 

8-7 

78 

68-2 

37-8 

138 

120-7 

66-9 

198 

173-2 

258 

225*7 

125'X 

19     i6-6 

9-2 

79 

69-1 

38-3 

189 

121*6 

67*4 

199 

1740 

96-5 

269 

226*5 

125*6 

20 

«7-S 

9*7 

80 

70*0 

388 

140 

122*4 

679 

200 

174*9 

97.0 

260 

227-4 

126*1 

21 

18*4 

IO'2 

61 

70*8 

39-3 

141 

123-3 

68-4 

201 

175-8 

97-4 

261 

22S-3 

126-5 

22 

19-2 

io*7 

82 

71-7 

398 

142 

X24-2 

68-8 

202 

176-7 

979 

262 

229*2 

127*0 

23 

20-1 

II'2 

83 

72-6 

40-2 

143 

125-1 

69*3 

203 

177*5 

98*4 

263 

230*0 

127-5 

24 

2ro 

II  6 

84 

73*5 

40-7 

144 

125-9 

69*8 

204 

1784 

98*9 

264 

230*9 

128*0 

25 

21*9 

12-1 

85 

74-3 

41-2 

14A 

1268 

70*3 

205 

179-3 

99*4 

265 

231*8 

128*5 

29 

22-7 

12*6 

86 

75-2 

41-7 

146 

127-7 

70*8 

206 

180-2 

99-9 

266 

232*6 

129*0 

27 

23*6 

131 

87 

76*1 

42-2 

147 

128-6 

71-3 

207 

181*0 

100*4 

267 

»33-5 

129*4 

28 

HS 

.3-6 

88 

77-0 

427 

148 

129-4 

71-8 

208 

181-9 

100*8 

268 

*34-4 

129*9 

2!^ 

•25-4 

14-1 

89 

77-8 

43*1 

149 

130-3 

72-2 

209 

182-8 

101*3 

269 

»35-3 

130*4 

30 

31 

26-2 

14- 5 

90 

78-7 

43-6 

150 

131-2 

72*7 

216 

183-7 

10I-8 

270 

236-1 

130-9 

27-1 

15-0 

91 

79.6 

44*  I 

151 

132-1 

73*2 

211 

184-5 

102 '3 

271 

237*0 

131-4 

32 

28*0 

155 

92 

8o'5 

44-6 

152 

132-9 

73*7 

212 

185-4 

102*8 

272 

237-9 

131*9 

33 

28*9 

i6*o 

93 

8J-3 

45- « 

153 

1338 

74*2 

213 

186-3 

103-3 

273 

238-8 

132*4 

34 

29-7 

i6*5 

94 

82-2 

45-6 

154 

»34-7 

74-7 

214 

187*2 

103*7 

274 

239-6 

132*8 

So 

30'6 

17-0 

95 

831 

46-1 

155 

1356 

75*1 

216 

188-0 

104*2 

275 

240*5 

133-3 

96 

3''5 

"7-5 

96 

84-0 

465 

156 

136-4 

75-6 

216 

1889 

104*7 

276 

24X-4 

133-^ 

37 

3»-4 

17-9 

97 

848 

470 

157 

'37-3 

76-1 

217 

189*8 

105-2 

277 

242*3 

134-3 

88 

33-* 

i8-4 

98 

85-7 

475 

158 

138-2 

766 

218 

190-7 

105*7 

278 

»43i 

134*8 

89 

34- 1 

i8*9 

99 

86-6 

48*0 

159 

1 39- 1 

77*1 

219 

191*5 

106*2 

279 

244-0 

1353 

4fl 

35-0 

19-4 

100 

87-5 

48-5 

160 

139-9 

77*6 

220 

192*4 

106*7 

280 

244-9 

135*7 

41 

35*9 

199 

101 

88*3 

490 

161 

140-8 

78*1 

221 

193*3 

107*1 

281 

245*8 

136-2 

42 

36-7 

20*4 

102 

89*2 

495 

162 

141-7 

78- S 

222 

194*2 

107-6 

282 

246-6 

136-7 

43 

37-6 

20-8 

103 

90*2 

499 

163 

142-6 

79*0 

223 

1950 

108*1 

283 

247-5 

137*2 

44 

38-5 

21-3 

104 

91*0 

50-4 

164 

143-4 

79*5 

224 

'95*9 

io8*6 

284 

248*4 

137-7 

45 

39*4 

21-8 

105 

92-8 

509 

165 

144-3 

80-0 

225 

1968 

109-1 

285 

a49*3 

138-2 

46 

40-2 

22-3 

106 

927 

5»-4 

166 

145-2 

8o*5 

226 

197*7 

109*6 

286 

250-1 

138-7 

47 

41-1 

22-8 

107 

936 

51*9 

167 

146- 1 

81*0 

227 

198-5 

110*1 

287 

251-0 

139*1 

48 

42-0 

•3-3 

108 

94*5 

5»-4 

168 

1469 

8i-4 

228 

199*4 

110*5 

288 

251*9 

139-6 

49 

4»*9 

23*8 

109 

95*3 

52-8 

169 

147-8 

81-9 

229 

200-3 

1x1*0 

289 

252*8 

140*1 

10 

43  7 

24*2 

110 

96*2 

53'3 

170 

148-7 

82*4 

230 

201*2 

1x1-5 

290 

253-6 

140*6 

51 

44-6 

24-7 

HI 

97*1 

53-8 

171 

149-6 

82*9 

231 

202-0 

112-0 

291 

*54-5 

141*1 

52 

45"5 

252 

112 

98-0 

54"  3 

172 

150*4 

834 

232 

202*9 

X12-5 

292 

»55-4 

141*6 

53 

464 

25-7 

113 

98*8 

54-8 

173 

151-3 

839 

233 

203*8 

113*0 

293 

256*3 

142*0 

54 

47-* 

26*2 

114 

99*7 

55*3 

174 

152-2 

84-4 

234 

204-7 

xi3*4 

294 

257-1 

142*5 

55 

481 

26-7 

115 

ioo'6 

55-8 

175 

153*1 

84*8 

235 

205*5 

113*9 

295 

258-0 

143*0 

56 

490 

27-1 

116 

101*5 

56*2 

176 

1539 

853 

236 

206-4 

114-4 

296 

2589 

143-5 

57 

49*9 

27*6 

117 

102*3 

56-7 

177 

154-8 

85*8 

237 

207-3 

114-9 

297 

259*8 

144*0 

58 

50-7 

281 

118 

I03'2 

57-2 

178 

155-7 

86*3 

238 

208-2 

1X5*4 

298 

260*6 

144-5 

59 

51-6 

286 

U9 

xo4*x 

57-7 

179 

1566 

86*8 

239 

209-0 

115*9 

299 

261*5 

145*0 

60 

5»-5 

29- 1 

120 

i05'o 

58-2 

180 

157-4 

87-3 

240 

209*9 

1x6*4 

300 

262*4 

145-4 

fc 

D«p.  D.Lai 

Dist 

Dep. 

DXat 

Diit 

Dep. 

D.Lat. 

Dtaf. 

Dep. 

D,UU 

Dist. 

Dep. 

D^Lat 

t 
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TRAVERSE  TABLE  TO  DEGREES                                            1 

30° 

2*0-     1 

Dist. 

U.U: 

Dep. 

Dist. 

D.  Ut. 

Dep. 

Dial 

D.Ut. 

Dep. 

Dist 

D.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

I 

0-9 

o'S 

61 

52-8 

30*5 

121 

104*8 

6o»5 

181 

156-8 

90*5 

241 

208*7 

120-5 

2 

1-7 

I'O 

0*2 

53*7 

3I-0 

122 

105*7 

61*0 

182 

157-6 

91-0 

242 

209-6 

121*0 

S 

2-6 

»*5 

63 

54-6 

3'-5 

123 

io6*5 

6rj 

183 

158*5 

915 

243 

210*4 

121*5 

4 

3*5 

2*0 

64 

55*4 

32*0 

124 

107-4 

62*0 

184 

159-3 

92*0 

244 

211*3 

122-0 

5 

4' 3 

a- 5 

66 

563 

32-5 

126 

108*3 

6i-5 

185 

160*2 

9a*5 

245 

212*2 

122*5 

6 

5* 

30 

66 

57.-1 

33*o 

126 

109*1 

6yo 

186 

161*1 

93-0 

246 

213*0 

123*0 

7 

6-1 

3*5 

67 

58*0 

335 

127 

110*0 

635 

187 

161-9 

93'5 

247 

213*9 

123-5 

8 

6-9 

4'o 

68 

58.9 

340 

128 

iio'9 

64*0 

188 

162-8 

94*o 

248 

214*8 

124*0 

9 

7-8 

4*5 

69 

598 

34*5 

129 

111*7 

64-5 

189 

163*7 

94-5 

249 

215*6 

124*5 

10 

8-7 

S'o 

70 

6o-6 

35*0 

130 

112*6 

65*0 

190 

164*5 

95*0 

250 

216*5 

125-0 

11 

95 

55 

71 

6i*5 

355 

131 

"3-4 

655 

191 

165*4 

95'5 

251 

217*4 

125-5 

12 

10*4 

©•o 

72 

62*4 

36*0 

132 

"4*  3 

660 

192 

166-3 

96-0 

252 

218-2 

126*0 

IS 

ix-3 

6-5 

73 

63-2 

36*5 

133 

1X5"2 

66*5 

193 

167-1 

96*5 

263 

219*1 

126*5 

U 

12- 1 

7-0 

74 

64-1 

37-0 

134 

ii6*o 

67*0 

194 

i68'o 

97-0 

254 

220*0 

127*0 

15 

i3'o 

7-5 

75 

65*0 

37*5 

136 

116*9 

67*5 

195 

168*9 

97*5 

255 

220*8 

127*5 

16 

I3'9 

8-0 

76 

65'« 

38*0 

136 

117*8 

68*0 

196 

169*7 

98*0 

256 

221*7 

128-0 

17 

14-7 

8-5 

77 

667 

38-i 

137 

118*6 

68*5 

197 

170*6 

98-5 

257 

222-6 

128*5 

la 

,5-6 

9-0 

78 

67-5 

39c 

138 

119*5 

69*0 

198 

171-5 

99*o 

258 

223-4 

129*0 

19 

i6-s 

9*5 

79 

68*4 

39*5 

139 

120*4 

69*5 

199 

172-3 

99-5 

269 

2243 

129*5 

20 
21 

»7*3 

lO'O 

80 

69-3 

40*0 

140 

121*2 

70*0 

200 

173*2 

loo-o 

260 

225*2 

130*0 

iXz 

ID'S 

81 

70*1 

40*5 

141 

122*1 

70*5 

2or 

174*1 

100-5 

261 

226*0 

130*5 

22 

19*1 

ii-o 

82 

7I-0 

41*0 

142 

123*0 

71*0 

202 

174*9 

10 1 -0 

262 

226*9 

131*0 

23 

199 

11-5 

83 

71-9 

41-5 

143 

123-8 

71*5 

203 

175-8 

101*5 

263 

227-8 

131*5 

24 

20-8 

12*0 

84 

72-7 

42*0 

144 

124*7 

72*0 

204 

176*7 

1C2-0 

264 

228-6  ,  132-0  1 

26 

21*7 

12-5 

86 

73.15 

41-5 

145 

125*6 

72-5 

206 

177*5 

IC2*5 

265 

2295 

132*5 

2(i 
27 

225 

13*0 

86 

74- 5 

43*o 

146 

126*4 

73*o 

206 

178*4 

103-0 

266 

230*4 

i33*c 

»3-4 

»3-5 

87      75*3 

43*5 

147 

127-3 

73*5 

207 

'79*3 

103-5 

267 

231*2 

>33-5 

28 

24-2 

14*0 

88 

76-2 

44*o 

148 

128*2 

74-0 

208 

180*1 

104*0 

268 

232-1 

134-0 

29 

25*1 

H'S 

89 

77-1 

445 

149 

129*0 

74- 5 

209 

181*0 

1045 

269 

*33*o 

n4-5 

30 
31 

20'0 

15-0 

90 

77.9 

45*0 

150 

1299 

75*0 

210 

181-9 

105*0 

270 

233*8 

1350 

268 

»S*5 

91 

78-8 

45' 5 

151 

130*8 

75'5 

211 

182*7 

105-5 

271 

»34'7 

n5'5 

32 

277 

]6-o 

92 

79*7 

46*0 

152 

131*6 

76*0 

212 

183*6 

106-0 

272 

235-6 

136-0 

33  ,  28-6 

i6-5 

93 

80-5 

46-5 

153 

132*5 

76*5 

213 

1845 

106*5 

•273 

236*4 

136-5 

34  ii9-4 

17*0 

94 

81*4 

47*o 

154 

133*4 

77-0 

214 

185-3 

107-0 

274 

237-3 

137-0 

36  1  30-3 

n's 

95 

82*3 

47*5 

156 

134** 

77- 5 

215 

186*2 

107-5 

275 

238-2 

>37-5 

36     31*2 

18-0 

96 

83-1 

48-0 

166 

1351 

78*0 

216 

187-1 

io8*o 

276 

239-0 

138-0 

37 

32*0 

185 

97 

84-0 

485 

157 

136-0 

78-5 

217 

187*9 

io8*5 

277 

2399 

138-5 

S8 

3»-9 

19*0 

98 

849 

490 

158 

136*8 

79*0 

218 

188*8 

109*0 

278 

240-8 

1390 

39 

33-8 

«9*S 

99 

85-7    49*5 

159 

137*7 

79-5 

219 

189-7 

IC95 

279 

241-6 

>39*5 

40 

34-6 

20*0 

100 
101 

86*6    so'o 

160 

138*6 

8o-o 

220 
221 

190-5 

IIO'O 

280 

242-5 

140-0 

41 

35*5 

20*5 

87-5 

50*5 

161 

'39*4 

80*5 

191-4 

110-5 

-281 

^43*4 

140-5 

42 

364 

21'0 

102 

88-3 

510 

162 

>40-3 

81*0 

222 

192-3 

1 11-0 

282 

244*2 

141*0 

43 

37'* 

ii'S 

103 

89*2 

51*5 

163 

141*2 

81*5 

223 

>93*« 

111-5 

283 

245*  1 

141-5 

44 

381 

22-0 

104 

90*  I 

52-0 

164 

142*0 

82*0 

224 

194*0 

112*0 

284 

246*0 

142*0 

45 

390 

22-5 

105 

909 

5»-5 

166 

142*9 

82-5 

225 

»94*9 

112*5 

285 

246*8  1 14*- 5  1 

46 

39'8 

23*0 

1116 

91-8 

53*o 

166 

1438 

83*0 

226 

>95*7 

113*0 

28G 

247-7 

i43'o 

47 

40*7 

23-5 

107 

92-7 

53-5 

167 

144*6 

83-5 

227 

196*6 

113*5 

287 

248-5 

H3-5 

48 

41*6 

24*0 

108 

93*5 

54'o 

168 

145-5 

84*0 

228 

197*5 

114*0 

288 

»49-4 

144-0 

49 

42-4 

*4'5 

109 

94'4 

54*5 

IfiO 

146*4 

845 

229 

198*3 

114-5 

289 

250*3 

144-5 

60 

433 

25-0 

HO 
111 

9S-3 

55*o 

170 
171 

147-2 

85*0 

2:w 

199*2 

115*0 

290 

251-1 

145-0 

61 

44-2 

*5'5 

96-1 

55'5 

148' I 

85-5 

231 

2CO*l 

115*5 

•291 

252-0 

>45*5 

62 

450 

26*0 

112 

97-0 

56*0 

172 

1490 

86-0 

232 

2CC*9 

116-0 

292 

2529 

146*0 

53 

4S-9 
468 

26*5 

113 

97*9 

565 

173 

149-8 

86*5 

*>33 

201*8 

116-5 

293 

2537 

146*5 

64 

27-0 

lU 

987 

57-0 

174 

150-7 

87-0 

234 

202*6 

117*0 

294 

2546 

147*0 

66 

47-6 

27-5 

116 

99-6 

57-5 

175 

151*6 

87-5 

235 

203-5 

117*5 

295 

»55-5 

147*5 

66 

48-5 

28*0 

116 

ioo*5 

58*0 

176 

152*4 

88*0 

236 

204-4 

118*0 

296 

256-3 

148*0 

67 

49*4 

28'5 

117 

ioi*3 

58-5 

177 

153-3 

88*5 

237 

205-2 

118*5 

297- 

257*2 

148*5 

58 

50*2 

29*0 

IIH 

IC2'2 

59*0 

178 

154*2 

89*0 

238 

206*1 

119-0 

298 

258-1 

149-0 

69 

511 

29-5 

119 

103*1 

59*5 

179 

155*0 

895 

239 

207*0 

119*5 

299 

258*9 

«49'5 

00 

Dist 
-  •    1 

52*0 
Dep. 

30*0 
D.Ui 

120 

l>i8t. 

.103*9 

6o-o 

180 

X55*9 

900 

240 

207*8 

120*0 

301) 

2598 

150*0 

De|>. 

D.Uf 

i)itt. 

D«fp. 

D.  Lot. 

Dist. 

D.-p. 

D.Ut 

Di\l 

Dep. 

D.Uf 

60® 

4^ 

0» 
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8 10 

2h4m     j 

Oiir. 

D.Ut 

Dep. 

Ditt 

D.  Ut. 

Dep. 

Dist 

D.Ut. 

Dep. 

Diti. 

D.Ut. 

Dep. 

Disr. 

D.  Ut. 

Dep. 

1 

o'$ 

0-5 

61 

5a-3 

3«-4 

121 

103-7 

62-3 

181 

155-1 

93-2 

241 

2c6-6 

124*  1 

3 

1-7 

i*o 

62 

53-I 

5»-9 

t>2 

104*6 

62-8 

182 

156*0 

93-7 

24'i 

207-4 

124*6 

S 

2-6 

1-5 

63 

54-0 

3»*4 

123 

105*4 

63-3 

188 

156-9 

94-3 

243 

208 '3 

125-2 

4 

3*4 

a'l 

64 

54-9 

330 

1-24 

ic6'3 

63-9 

184 

>57-7 

94*8 

244 

209*1 

12C-7 

126*2 

f 

4*3 

2-6 

65 

55-7 

33-5 

125 

107*1 

644 

185 

158*6 

95'3 

245 

210*0 

$ 

r* 

3-1 

66 

56*6 

34-0 

126 

108-0 

64-9 

1K6 

»59*4 

95*8 

46 

210*9 

126*7 

7 

6o 

3-6 

•7 

57'4 

34*5 

127 

IC8-9 

65-4 

l«7 

160-3 

963 

247 

211*7 

127-2 

8 

6-9 

41 

68 

58-3 

35'o 

128 

109-7 

65-9 

188 

i6]*i 

968 

248 

212*6 

127-7 

9 

n 

4-6 

69 

59*1 

35*5 

129 

1IO-6 

66-4 

189 

162*0 

97-3 

249 

213*4 

128-2 

to 

8-6 

5» 

70 

6o»o 

361 

ISO    IT  1-4 

67*0 

190 

162-9 

97-9 

250 

214-3 

128-8 

U 

9*4 

5-7 

71 

6o"9 

366 

131 

112*3 

67-5 

191 

163*7 

98-4 

251 

215-] 

129-3 

IS :  10-3 

6-2 

72 

6i-7 

37-1 

132 

II3-I 

68-0 

192 

164*6 

98-9 

252 

216*0 

129-8 

13  .  in 

6-7 

73 

626 

37-6 

133 

1 14-0 

68*5 

193 

165-4 

994 

253 

216-9 

130-3 

14 

X2T} 

7-2 

74 

634 

381 

134 

114  9 

69-0 

194 

x66*3 

99.9 

254 

217*7 

130*8 

15 

12-9 

7-7 

75 

64-3 

38-6 

135 

115-7 

69-5 

195 

167-1 

100*4 

255 

218*6 

131*3 

m 

137 

8-2 

76 

65-1 

39*  > 

136 

ii6*6 

70-0 

196 

168-0 

100*9 

256 

2194 

131-8 

17 

14-6 

8-8 

77 

66-0 

39-7 

137 

ii7'4 

70*6 

197 

168-9 

101-5 

257 

220*3 

132-4 

18 

»5-4 

9*3 

78 

66-9 

40-2 

138 

.18-3 

71*1 

198 

169*7 

102  0 

258 

221*1 

1329 

19 

16-3 

9-8 

79 

67-7 

40-7 

139 

119- 1 

71*6 

199 

170*6 

102 '5 

259 

222*0 

"33-4 

80 

17-1 

io*3 

80 

68-6 

41-2 

140 

120-0 

72*1 

200 

171-4 

103*0 

260 

222'9 

»33-9 

21 

i«-o 

10-8 

81 

694 

4«'7 

141 

120-9 

72*6 

201 

172*3 

103-5 

261 

223-7 

'34*4 

22 

13-9 

II-3 

82 

70-3 

42-2 

142 

121-7 

73*1 

202 

173-1 

104-0 

262 

224*6 

134-9 

23 

197 

II-8 

83 

71-1 

42-7 

143 

122- 6 

73*7 

203 

174-0 

104-6 

263 

225-4 

>3S'5 

24 

20*6 

12-4 

84 

72-0 

43*3 

144 

123-4 

74*2 

204 

174-9 

105*1 

264 

226-3 

136-0 

25 

21-4 

i.-9 

85 

72-9 

43-8 

145 

124*3 

74*7 

205 

1757 

105-6 

265 

227*1 

136*5 

26 

22' 3 

«3-4 

86 

73'7 

44*3 

146 

125*1 

75-2 

206 

176-6 

106*1 

266 

228*0 

137*0 

V 

23*1 

«3'9 

87 

74-6 

44-8 

147 

126*0 

75*7 

207 

177-4 

io6*6 

267 

228*9 

'37-5 

28 

24-0 

"4*4 

88 

75*4 

45*3 

148 

126-9 

76-2 

208 

178-3 

107*1 

268 

229*7 

138*0 

29 

H'9 

14-9 

89 

763 

45-8 

149 

127-7 

76-7 

209 

179T 

107*6 

•269 

230-6 

138*5 

10 

25-7 

«5*5 

90 

77-1 

46-4 

(50 

128-6 

77'3 

210 

180*0 

io8*2 

270 

231*4 

1391 

31 

26*6 

i6-o 

91 

78-0 

469 

151 

1*9*4 

77« 

211 

180 '9 

io8*7 

271 

2323 

139-6 

32 

»7*4 

i«S 

92 

78-9 

47*4 

152 

130-3 

78*3 

212 

i8i*7 

109*2 

272 

233*1 

140- 1 

33 

283 

17*0 

93 

79*7 

47'9 

153 

131-1 

788 

213 

182-6 

109-7 

273 

234*0 

140-6 

34 

29*1 

17-5 

94 

8o-6 

48-4 

154 

132*0 

79*3 

214 

183-4 

110-2 

274 

234*9 

14X-1 

35 

30*0 

18-0 

95 

8i-4 

489 

155 

131*9 

79-8 

215 

184-3 

iio*7 

'275 

235*7 

141-6 

38 

10-9 

i8-5 

96 

82-3 

49*4 

156 

'33-7 

80-3 

216 

185-1 

111*2 

276 

236-6 

142-2 

37 

31*7 

19- 1 

97 

83-, 

50-0 

167 

134-6 

80*9 

217 

i860 

111*8 

277 

237*4 

142*7 

38 

32*6 

19*6 

98 

84-0 

50-5 

158 

135-4 

81*4 

218 

1869 

112-3 

278 

238-3 

143-2 

39 

33*4 

20>I 

99 

84-9 

Sro 

159 

.36*3 

8i*9 

219 

187-7 

1X2*8 

279 

239*1 

H3*7 

40 

343 

20'6 
21*1 

100 
101 

»5-7 

515 

160 

137*1 

82-4 

220 

188*6 

113-3 

280 

240-0 

144-2 

41 

35-1 

86-6 

52*0 

161 

138-0 

82-9 

221 

189-4 

113-8 

281 

24C-9 

144*7 

42 

36-0 

21-6 

102 

87-4 

5*-5 

162 

138*9 

83*4 

222 

190-3 

114*3 

282 

241-7 

145*2 

43 

36-9 

22-1 

103 

88-3 

S3-0 

163 

139-7 

84*0 

223 

191'x 

114-9 

283 

242-6 

145*8 

44 

37-7 

22*7 

104 

89-1 

53-6 

ir;4 

140*6 

84-5 

224 

192*0 

II 5-4 

264 

243-4 

146*3 

45 

38-6 

23*2 

105 

90-0 

54' > 

165 

141-4 

85*0 

225 

192*9 

115*9 

285 

144-3 

146*8 

48 

394 

23-7 

106 

909 

54-6 

166 

142*3 

85-5 

226 

193*7 

1,6*4 

286 

24  5*1 

147-3 

47 

40-3 

242 

107 

91-7 

55-» 

167 

1431 

86-0 

227 

194-6 

ii6*9 

287 

246*0 

147-8 

48 

411 

a4-7 

108 

92-6 

55-6 

168 

X440 

86*5 

228 

>95-4 

117-4 

288 

046-9 

148-3 

49 

42*0 

25*2 

109 

93*4 

56-1 

169 

'44-9 

87*0 

229 

196-3 

117-9 

289 

147-7 

148-8 

50 

51 

4*9 

258 

110 
111 

94*3 

56*7 

170 

>45*7 

87*6 

280 

197*1 

118-5 

290 

248-6 
249-4 

149-4 

43'7 

26*3 

95-1 

57-a 

171 

146-6 

88-1 

231 

198*0 

119*0 

291 

,49-9 

52 

44-6 

26-8 

112 

96-0 

57-7 

172 

147-4 

8S*6 

232 

198-9 

119*5 

292 

250-3 

150*4 

53 

45*4 

27-3 

113 

969 

58-2 

17s 

148*3 

89-1 

233 

199*7 

120-0 

293 

251-1 

150-9 

54 

46-3 

27-8 

114 

97-7 

58-7 

174 

149*  1 

89-6 

234 

2CO*6 

120-5 

294 

252-0 

151-4 

55 

47-1 

28-3 

115 

98*6 

59*2 

175 

150-0 

90*1 

235 

201*4 

X2I-0 

295 

^52*9 

151-9 

58 

48*0 

28-8 

116 

99*4 

59-7 

176 

150-9 

90*6 

236 

202 '3 

121-5 

296 

453*7 

152-5 

87 

48-9 

294 

117 

100-3 

6q'3 

177 

151*7 

91*2 

237 

203*1 

I22*f 

297 

254-6 

i53*c 

58 

49*7 

29-9 

ll» 

loi-i 

6c-8 

178 

,51-6 

91*7 

238 

204-0 

122*6 

298 

»55-4 

1535 

59 

50*6 

3C-4 

119 

102 'O 

6i'3 

170 

153-4 

92*2 

239 

204*9 

123-1 

299 

256*3 

154-0 

60 

5»-4 

30-9 

120 

1 

I02*9 

6i-8 

180 

»54*3 

92-7 

240 

205-7 

123-6 

300 

257-1 

154-5 

Dirt, 

Dep. 

D.Lat 

Dep. 

D.Ut 

Dist. 

Dfp. 

D  Ut. 

Dist. 

Dep, 

D.  Ut. 

Dist 

Dep. 

D.  Ut. 

• 

L 

fit 

r 

3»» 

se*" 
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82^ 

^hgn 

Dist. 

D.Ut 

D«»p. 

Dist 

D.Lat 

Dep. 

Dist. 

D.Lat 

Dep. 

Dist  D.Lat 

Dep. 

Dist 

D.Lat 

Dep. 

I 

0-8 

0-5 

61 

5'-7 

31-3 

121 

I02'6 

64-1 

181 

153-5 

95*9 

241 

»04-4 

127-7 

2 

1*7 

I'l 

62 

52'6 

329 

122 

103-5 

64-7 

182 

154*3 

96-4 

242 

205-2 

128-2 

3 

a*5 

1*6 

63 

53 '4 

33-4 

123 

104-3 

65-2 

183 

155-2 

97-0 

243 

2o6-i 

128-8 

4 

3*4 

2'I 

64 

54*3 

33*9 

124 

105-2 

65-7 

184 

156*0 

97*5 

244 

206-9 

1*9*3 

6 

4-» 

2-6 

65 

55-1 

34*4 

125 

io6'o 

66-2 

185 

156-9 

98-0 

245 

^07-8 

129*8 

6 

5*1 

3-» 

66 

56*0 

35-0 

126 

io6"9 

66-8 

186 

157-7 

986 

246 

208-6 

130'4 

7 

5*9 

3*7 

67 

56-8 

35-5 

127 

107-7 

67-3 

187 

158-6 

99-1 

247 

209-5 

130-9 

8 

6-8 

4-2 

68 

57-7 

36*0 

128 

io8'6 

67-8 

188 

i59*4 

996 

248 

210-3 

131-4 

9 

7-6 

4-8 

69 

58-5 

366 

129 

109-4 

68-4 

189 

160-3 

100-2 

249 

211-2 

131*9 

10 

8-5 

5*3 

70 

59*4 

37-1 

130 

IIO-2 

68-9 

190 

i6i'i 

ioo*7 

250 

212*0 

132-5 

11 

9'3 

5-8 

71 

6o*2 

37*6 

131 

lll'l 

69-4 

191 

162-0 

IOX-2 

261 

212*9 

133-0 

12 

I0*2 

6-4 

72 

6i'i 

38-2 

132 

111*9 

699 

192 

162-8 

IOI-7 

252 

213-7 

>33*5 

13 

II'O 

6-9 

73 

6i'9 

38-7 

133 

112-8 

70-5 

193 

163-7 

102-3 

263 

214-6 

134- 1 

14 

ii'9 

7*4 

74 

62-8 

392 

134 

113-6 

71-0 

194 

,64-5 

102-8 

254 

2i?-4 

1346 

15 

ia-7 

7.9 

75 

636 

397 

135 

114-5 

71*5 

195 

165-4 

103-3 

255 

2x6*3 

135-1 

16 

I3'6 

8-5 

76 

64-5 

40-3 

136 

115-3 

72- 1 

196 

i66-2 

103-9 

266 

217-1 

1357 

17 

14-4 

9-0 

77 

65-3 

40-8 

137 

Il6'2 

72-6 

197 

167-1 

104-4 

257 

217-9 

136-2 

18 

'5*3 

9*5 

78 

66-1 

4«-3 

138 

117*0 

73-1 

198 

167-9 

104-9 

258 

218-8 

136-7 

19 

i6*i 

lO'I 

79 

67*0 

41*9 

139 

117-9 

73*7 

199 

i68-8 

105-5 

259 

219*6 

137*1 

20 

i7'o 

io»7 

80 

67-8 

42-4 

140 

118-7 

74'a 

200 

169-6 

106 -« 

260 

220'5 

137-8 

21 

17-8 

II'X 

81 

68*7    42-9 

141 

119*6 

74*7 

201 

170-5 

106-5 

261 

221-3 

138-3 

22 

i8-7 

11-7 

82 

69*5    43*5 

142 

120-4 

75-2 

202 

171-3 

107-0 

262 

222*2 

138-8 

23 

'9*5 

12*2 

83 

70-4 

44"o 

143 

121-3 

75*8 

203 

172-2 

IC7-6 

263 

223*0 

1394 

24 

20'4 

12-7 

84 

71'2 

44*5 

144 

122- I 

76-3 

204 

173-0 

108-1 

264 

223*9 

139*9 

25 

21*2 

13-2 

85 

72*1 

45-0 

145 

123-0 

768 

205 

173*8 

108-6 

265 

224*7 

140-4 

2ft 

22*0 

13-8 

86 

71*9  :  45'6  1 

146 

123*8 

77*4 

206 

174*7 

109-2 

266 

225-6 

141*0 

27 

22*9 

143 

87 

73-8 

46*1 

147 

124-7 

77'9 

207 

175*5 

109*7 

267 

226*4 

141-5 

28 

23-7 

14*8 

88 

74-6 

46*6 

148 

125-5 

78-4 

208 

176-4 

110*2 

268 

227-3 

142*0 

29 

24-6 

15-4 

89 

75*5 

47'2 

149 

126-4 

79-0 

209 

177-2 

110-8 

269 

2»8-i 

142*5 

30 

»S*4 

X5-9 

90 

76-3 

47*7 

150 
151 

127'2 

79*5 

210 

178-1 

1X1*3 

270 

229*0 

143*1 

31 

26-3 

16-4 

91 

77-2 

48-2 

128- 1 

800 

211 

178-9 

111-8 

271 

2»9*8 

143-6 

32 

27-1 

17-0 

92 

78*0 

48-8 

152 

128-9 

80-5 

212 

179*8 

112-3 

272 

»30-7 

1441 

33 

280 

17*5 

93 

78-9 

49*3 

153 

129-8 

^  8i-i 

213 

i8o-6 

112-9 

273 

231-5 

144-7 

34 

28-8 

i8'o 

94 

79*7 

49-8 

164 

130' 6 

81-6 

214 

i8i-5 

113*4 

274 

2324 

145*2 

35 

29-7 

18-5 

95 

8o*6 

50-3 

155 

i3»*4 

82-1 

215 

182-3 

113-9 

275 

233-2 

145*7 

36 

30-5 

191 

96 

81-4 

50*9 

156 

132-J 

82-7 

216 

1832 

1145 

276 

234*1 

146-3 

37 

31-4 

19*6 

97 

82*3 

5»-4 

157 

133-1 

83-2 

217 

184-0 

115*0 

277 

a34*9 

146*8 

38 

32'2 

20*1 

98 

83*1 

51-9 

158 

134-0 

83-7 

218 

'84*9' 

115-5 

278 

235-8 

147'3 

39 

33-1 

zo*7 

99 

84*0 

S^'S 

150 

134-8 

84-3 

219 

1857 

ii6-i 

279 

236-6 

147*8 

40 

33*9 

21*2 

100 

84-8 

53-0 

160 

135*7 

84-8 

220 

186-6 

116*6 

280 
281 

ar-5 

148-4 

41 

34-8 

21-7 

101 

85-7 

53*5 

161 

136-5 

853 

221 

187-4 

117-1 

238*3 

148*9 

42 

35-6 

22*3 

102 

86-5 

54*1 

162 

137*4 

85-8 

222 

188-3 

117-6 

282 

239*  I 

149'4 

43 

36-5 

22*8 

103 

87-3 

54-6 

163 

138-2 

86*4 

223 

189- 1 

118-2 

283 

240-0 

150*0 

44 

37'3 

a3-3 

104 

88-2 

55*1 

164 

1391 

86-9 

224 

190*0 

118-7 

284 

240*8 

150*5 

45 

38-2 

23-8 

105 

89*0 

55-6 

165 

1399 

87-4 

225 

190*8 

119  2 

285 

241-7 

151*0 

46 

39.0 

14-4 

106 

89-9 

56-2 

166 

140-8 

88-0 

226 

191-7 

X19-8 

286 

242*5 

151*6 

47 

39*9 

24-9 

107 

90*7 

56-7 

167 

141*6 

88-5 

227 

192-5 

I20*3 

287 

243-4 

152-1 

48 

40-7 

»5'4 

108 

91*6 

57-2 

168 

142-5 

890 

228 

193*4 

120-8 

288 

24t*a 

152*6 

49 

41*6 

26*0 

109 

92-4 

57-8 

169 

143*3 

89-6 

229 

194-2 

121-4 

289 

245*1 

153*1 

50 

42-4 

265 

110 

93'3 

58-3 

170 

144-2 

90-1 

230 

195-1 

121-9 

290 

a45*9 

«53*7 

51 

43*3 

27*0 

111 

941 

S8-8 

171 

1450 

90-6 

231 

195-9 

122-4 

291 

2468 

154*2 

52 

44' I 

27'6 

112 

95-0 

59*4 

172 

X45*9 

9x1 

232 

196-7 

122-9 

292 

247-6 

154-7 

53 

44'9 

28-1 

113 

95-8 

59*9 

173 

146-7 

91-7 

233 

197-6 

123-5 

293 

2485 

155-3 

54 

45-8 

28*6 

114 

96-7 

DO' 4 

174 

J47'6 

92*2 

234 

198-4 

124*0 

294 

249*3 

i5r8 

55 

466 

29*1 

115 

97-5 

6o*9 

176 

148-4 

92*7 

235 

199*3 

124-5 

295 

2JO-2 

156-3 

66 

47*5 

29-7 

116 

98-4 

6i-s 

176 

H9*3 

93*3 

236 

200-1 

125-1 

296 

251*0 

156-9 

*7 

48-3 

30*2 

117 

99.1 

62*0 

177 

150-1 

93-8 

237 

20X-0 

125-6 

297 

251*9 

157*4 

58 

49-2 

30-7 

118 

XOO*I 

62-5 

178 

1 51*0 

94*3 

238 

2or8 

126-1 

298 

252-7 

157-9 

59 

50'o 

3«-3 

119 

ioo*9 

63*1 

179 

151-8 

94.9 

239 

202-7 

126-7 

299 

253-6 

158-4 

60 

50-9 

31-8 

120 

IQI'8 

636 

180 

152-6 

95*4 

240 

203-5 

127-a 

300 

»54-4 

159*0 

DUt 

Dep. 

D«Lat 

Dist 

Dep. 

D.Ul 

Dist. 

Dap. 

D.  Lat. 

Dist 

Dep. 

D.Lat. 

Dist 

Dep. 

D.Lat 

^8° 

S^ 

52"^ 
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38° 

jjb   l2n»      1 

D»t 

D.Ut 

Dei». 

UislH 

D.Ut. 

Dep. 

Dim. 

D.Ut 

Dep. 

Dist. 

D.Ut. 

Dep. 

Dist. 

D.  Ut. 

Dep. 

1 

0-8 

0-5 

61 

5X-2 

33'a 

121 

101-5 

65-9 

181 

151*8 

98-6 

241 

202*1 

131*3 

2 

x'7 

I'l 

62 

52*0 

33*8 

122 

102"  3 

66*4 

182 

152*6 

99*1 

242 

203*0 

131*8 

9 

**S 

1-6 

63 

52-8 

34' 3 

123 

103*2 

67*0 

183 

153-5 

99-7 

243 

203*8  *  132-3  1 

4 

3*4 

2-2 

64 

53*7 

34*9 

124 

104-0 

67-5 

1B4 

154-3 

100*2 

244 

204-6 

132-9 

6 

4«i 

a'7 

65 

54*5 

35'4 

125 

104-8 

68*1 

185 

155*2 

100-8 

245 

205-5 

133-4 

6 

5'o 

3*3 

66 

55*4 

35*9 

126 

105*7 

68-6 

186 

156*0 

101*3 

246 

206*3 

134*0 

7 

5"9 

3-8 

67 

56-2 

36-5 

127 

xo6-5 

69*2 

187 

156-8 

ioi'8 

247 

207-2 

134-5 

8 

67 

4*4 

68 

57*o 

37-0 

128 

107-3 

69*7 

188 

157-7 

102*4 

248 

208-0 

135*1 

9 

7*5 

4*9 

69 

57'9 

37'6 

129 

io8»2 

70*3 

189 

158*5 

102-9 

249 

2o8-8 

135-6 

10 

«-4 

54 

70 

58-7 

38- 1 

ISO 

109*0 

7C-8 

190 

159*3 

103*5 

250 

209*7 

136*2 

11 

9-a 

6-0 

71 

59' 5 

38-7 

131 

109-9 

71*3 

191 

x6o*2 

104-0 

251 

210-5 

136-7 

12 

lO'I 

6-5 

72 

6o'4 

39* 

132 

110*7 

71*9 

192 

161-0 

104-6 

252 

211*3 

«3r» 

13 

io*9 

7*1 

73 

6l-2 

39-8 

133 

111-5 

7^-4 

193 

161-9 

105-1 

253 

212-2 

137-8 

14 

II-7 

7-6 

74 

62' J 

40*3 

184 

112*4 

73-0 

194 

162*7 

105-7 

254 

213-0 

138-3 

15 

12*6 

8-2 

75 

62-9 

40-8 

IS5 

113*2 

73'5 

195 

163-5 

106-2 

255 

213-9 

138-9 

IC 

>3'4 

«-7 

76 

63*7 

41*4 

186 

1141 

74-1 

196 

164-4 

106-7 

256 

214-7 

139-4 

17 

143 

93 

77 

64*6 

41-9 

137 

114-9 

74*6 

197 

165*2 

107*3 

257 

215*5 

140*0 

18 

15-1 

9-8 

78 

65-4 

4*' 5 

138 

115-7 

75-1 

198 

i66*i 

107*8 

258 

216*4 

140-5 

19 

«5'9 
i6-8 

io'3 

79 

66-3 

43-0 

139 

ii6-6 

75-7 

199 

166-9 

108-4 

259 

217*2 

141-1 

20 

io*9 

80 

67*  1 

43-6 

140 
141 

"7'4 

76*2 

200 

167-7 

ioS*9 

260 

218-1 

141*6 

21 

17-6 

11-4 

81 

67-9 

44"! 

118-3 

76*8 

201 

168-6 

109*5 

261 

218-9 

142-2 

22 

i«'S 

12*0 

82 

68*8 

44'7 

142 

119-1 

77-3 

202 

169-4 

iio-o 

262 

219*7 

142-7 

28     19-3 

12-5 

83 

69*6 

45-» 

143 

1199 

77*9 

203 

«7o-3 

110-6 

263 

220*6 

i43*a 

24  )  10*1 

I3'i 

84 

70-4 

45*7 

144 

120*8 

78-4 

204 

171-1 

III-I 

264 

221*4 

143-8 

25 

21-0 

I3'6 

85 

7i'3 

46- 3 

145 

121-6 

79.0 

205 

171*9 

II1-7 

265 

222*2 

144-3 

26 

21*8 

14*2 

86 

72*1 

468 

146 

122*4 

79*5 

206 

172*8 

112*2 

266 

223*1 

144*9 

27 

22*6 

14-7 

87 

73 'o 

47'4 

147 

123-3 

8o*i 

207 

173-6 

112-7 

2«7 

223*9 

145-4 

28 

»3S 

15-2 

88 

73-8 

47*9 

148 

124- 1 

8o-6 

208 

174-4 

113-3 

268 

224*8 

146-0 

29 

24'1 

16-3 

89 

74-6 

48-5 

149 

125-0 

81*2 

209 

175-3 

113-8 

269 

225-6 

146*5 

30     *5» 

90 

75*5 

49-0 

150 

125-8 

81-7 

210 

176-1 

114-4 

270 

226*4 

147*1 

31 

26*0 

i6'9 

91 

76-3 

49-6 

151 

126-6 

82*2 

211 

177-0 

114-9 

271 

227-3 

147-6 

32 

26-8 

i7'4 

9-2 

77*2 

50-1 

152 

127*5 

82*8 

212 

177-8 

115-5 

272 

228-1 

148*1 

33 

*7'7 

i8-o 

93 

78-0 

50-7 

153 

128*3 

83-3 

213 

178-6 

116*0 

273 

229*0 

148-7 

34 

28-5 

18-5 

94 

78-8 

51-2 

154 

129-2 

83*9 

214 

179-5 

116-6 

274 

229*8 

149-a 

35 

29*4 

19*1 

95 

79' 7 

5i'7 

155 

130*0 

84-4 

215 

180-3 

117-1 

275 

230-6 

149-8 

36 

30*2 

19-6 

96 

80-5 

5»'3 

156 

130*8 

85*0 

216 

l8l*2 

117-6 

276 

231-5 

150*3 

37 

31*0 

20«2 

97 

8i-4 

52-8 

157 

131-7 

85-5 

217 

182*0 

118*2 

277 

232-3 

150-9 

Z8 

3»*9 

2C-7 

98 

82*2 

53*4 

158 

132-5 

86-1 

218 

182-8 

118*7 

278 

233-2 

151-4 

39 

3»*7 

21*2 

99 

83*0 

53*9 

159 

i33*3 

86*6 

219 

183-7 

119-3 

279 

234-0 

152*0 

40 

33*5 

21-8 

100 

83-9 

54*5 

160 

134-2 

87-1 

220 

184-5 

119-8 

280 

234-8 

152-5 

41 

34*4 

a2-3 

101 

84-7 

55*o 

161 

135*0 

87-7 

221 

185-3 

120*4 

281 

135-7 

153-0 

42 

3S'a 

22*9 

102 

85-5 

55-6 

1G2 

»35-9 

88*2 

222 

186-2 

120*9 

282 

236*5 

153-6 

43 

36-1 

23-4 

103 

86*4 

56-1 

163 

136-7 

88-8 

223 

187-0 

121*5 

283 

237*3 

154-1 

44 

36*9 

24*0 

104 

87*2 

56-6 

164 

137-5 

89*3 

224 

187*9 

122-0 

284 

238-2 

'54*7 

45 

37*7 

M-5 

105 

88-1 

5r» 

165 

138-4 

899 

225 

188*7 

122-5 

285 

239*0 

155*2 

46 

38-6 

25-1 

106 

88*9 

S7'7 

166 

139*2 

90*4 

2*26 

189*5 

123-1 

286 

239-9 

155*8 

47 

39'4 

25-6 

107 

89-7 

58-3 

167 

140*1 

91*0 

227 

190*4 

123*6 

287 

240-7 

156-3 

48 

40«3 

^6^1 

108 

90*6 

5«'8 

l»8 

140-9 

91*5 

228 

191-2 

124-2 

288 

2415 

156*9 

49 

41-1 

26*7 

109 

914 

59*4 

169 

141-7 

92*0 

229 

192*1 

124*7 

289 

242-4 

157-4 

50 

41-9 

27*2 

110 

9*' 3 

59*9 

170 

142*6 

92*6 

230 

192-9 

125*3 

290 

243  •» 

IS7*9 

51 

42*8 

27-8 

111 

93- 1 

6o*5 

171 

J43"4 

9J-I 

231 

^93-7 

125-8 

291 

244*1 

158-5 

52 

43-6 

28' 3 

112 

93*9 

6i'o 

172 

"44*3 

93*7 

232 

194-6 

126-4 

292 

244-9 

159*0 

53 

44*4 

28-9 

113 

94-8 

615 

173 

145-1 

94*2 

233 

195-4 

126-9 

293 

245-7 

159*6 

54 

45*3 

29-4 

114 

95-6 

62-1 

174 

145-9 

94-8 

234 

196*2 

127*4 

294 

246-6 

160*1 

55 

46-1 

30'o 

115 

96-4 

626 

175 

146-8 

95*3 

235 

197-1 

128*0 

295 

»47-4 

160*7 

56 

47*0 

30' 5 

116 

97*3 

63-2 

176 

147-6 

95*9 

236 

197*9 

128*5 

296 

248*2 

161*2 

67 

47-8 

3i'o 

117 

98*  I 

63-7 

177 

148-4 

96*4 

237 

198-8 

129*1 

297 

249-1 

i6i'8 

58 

486 

3i»6 

118 

99«o 

64-3 

178 

149-3 

96-9 

238 

199-6 

129*6 

298 

249-9 

162-3 

59    49*5 

32- 1 

119 

99*8 

648 

179 

150*1 

97*5 

239 

200*4 

130*2 

299 

250-8 

162*8 

60     50- 3 

32*7 

120 

TOO*  6 

65-4 

180 

151*0 

98-0 
D.Ut. 

240 

201-3 

130*7 

800 

251-6 

163*4 

Di&L  Dep. 

D.LatlDitt 

Dep. 

D.Ut 

Dist. 

Dep. 

Dist. 

De\K 

D.Ut. 

Dist. 

Dep. 

D.Lst. 

67' 
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840                                                      g**  16" 

Dist. 

D.Lat 

Dep. 

Dist 

D.Lst 

Depw 

Dist 

D.  Let 

Dep. 

Okt 

D.Lat 

Dep. 

Dist  D.  Lat. 

D^. 

1 

0-8 

06 

61 

50*6 

341 

121 

ioo*3 

67-7 

181 

150*1 

101*2 

241 

199*8 

134-8 

2 

1-7 

1*1 

62 

51-4 

34*7 

1*22 

lOl'l 

68*2 

182 

150*9 

ioi*8 

242 

200*6 

'35*3 

3 

»-5 

1-7 

63 

52*2 

35*2 

123 

102-0 

68*8 

irus 

15x7 

1C2*3 

243 

201*  5 

'35*9 

4 

33 

2-2 

64 

53> 

3S« 

124 

102*8 

69*3 

184 

152*5 

102*9 

244 

202 '3 

136^4 

6 

41 

2*8 

66 

53*9 

36-3 

126 

X03-5 

699 

186 

»53-4 

103*5 

246 

203  •! 

137-0 

A 

50 

3*4 

66 

54*7 

36*9 

126 

104*5 

7«S 

186 

154*2 

104*0 

246 

2039 

137*6 

7 

5-8 

3  9 

67 

55*5 

37-5 

127 

105*3 

71-0 

187 

155*0 

104*6 

247 

2048 

138-1 

8 

6*6 

4*5 

68 

564 

38*0 

128 

106' I 

71*6 

188 

»559 

105*1 

248 

205*6 

138*7 

9 

7-5 

S'o 

69 

57-2 

38*6 

129 

]o6*9 

72*1 

189 

156*7 

105*7 

249 

206*4 

139** 

10 

8-3 

5-6 

70 

58*0 

39*1 

39*7 

130 

107*8 

72*7 

190 

157*5 

106*2 

250 

207*3 

139-8 

11 

9*» 

6-2 

71 

58*9 

181 

108 '6 

73*3 

191 

158*3 

106-8 

261 

208*1 

140*4 

12 

9*9 

6-7 

72 

59-7 

40-3 

132 

109*4 

73-8 

ir2 

»59*2 

107*4 

262 

208-9 

140*9 

IS 

10-8 

7-3 

73 

60*5 

40*8 

133 

T10-3 

74  4 

193 

160*0 

i©7*9 

253 

2C9*7 

141*5 

U 

11-6 

7-8 

74 

6i'3 

4**4 

134 

IXI'I 

74*9 

194 

i6o-8 

108*5 

254 

2lO'6 

142*0 

15 

124 

8-4 

75 

62*2 

41-9 

136 

1x1*9 

75'5 

196 

x6x*7 

109*0 

266 

211*4 

142*6 

16 

'3*3 

«-9 

76 

63*0 

4a*  5 

136 

112"7 

761 

196 

162*5 

109*6 

266 

212*2 

143*2 

17 

141 

9*5 

77 

638 

43* « 

137 

113*6 

76*6 

197 

163*3 

110-2 

257 

213*1 

'43*7 

18 

14-9 

10*1 

78 

64*7 

43*6 

138 

114-4 

77*a 

198 

164*1 

110*7 

258 

213*9 

'44-3 

19 

15-8 

10*6 

79 

65-5 

44*2 

139 

1x5-2 

77*7 

199'  165*0  1 

111*3 

259 

214*7 

144-8 

20 
21 

166 

11*2 

80 

66*3 

447 

140 

1x6' I 

78*3 

200 

165*8 

1X1*8 

260 

215-5 

'45*4 

17-4 

ii'7 

81 

67*2 

45*3 

141 

1x6*9 

78*8 

201 

166*6 

112*4 

261 

21 6*4 

'45*9 

22 

182 

12*3 

82 

68*0 

459 

142 

117*7 

79'4 

202 

167*5 

xi3*o 

262 

217*2 

146*5 

23 

19M 

22*9 

83 

68*8 

46*4 

143 

XI8-6 

80*0 

203 

x68*3 

1135 

263 

218*0 

147*1 

24 

19-9 

'34 

84 

69*6 

47*o 

144 

1x9*4 

80*5 

204 

169*1 

114*1 

264 

218-9 

147-6 

26 

20*7 

14*0 

86 

70*5 

47*5 

145 

X20'2 

81*1 

205 

170*0 

114*6 

265 

219*7 

148-2 

20 

21*6 

H'S 

86 

7«-3 

48*1 

!46 

I21'0 

81*6 

206 

170*8 

115*2 

ZOO 

220-5 

148-7 

27 

22*4 

15-1 

87 

72*1 

48*6 

147 

121*9 

82*2 

207 

171*6 

115*8 

267 

221*4 

'493 

28 

23*2 

15*7 

88 

73*o 

49*2 

148 

122*7 

82*8 

208 

172*4 

116*3 

268 

222*2 

'49*9 

29 

24*0 

16*2 

89 

73*8 

498 

149 

123*5 

83-3 

209 

173*3 

xi6*9 

269 

223*0 

150*4 

30 

24-9 

a57 

i6-8 

90 

74-6 

50*3 

150 

124*4 

839 

210 

174-1 

1X7*4 

270 
271 

223*8 

X51-0 

31 

17*3 

91 

75*4 

50-9 

151 

XZ5*2 

84*4 

211 

»74*9 

X180 

224*7 

151*5 

32 

26-5 

17*9 

92 

76*3 

51-4 

152 

126*0 

850 

212 

175-8 

ii8*5 

272 

225*5 

152*1 

33 

27-4 

i8*5 

93 

77*1 

52*0 

163 

126*8 

856 

213 

176*6 

119-1 

273 

226*3 

152*7 

34 

28-2 

19*0 

94 

77*9 

52*6 

154 

127*7 

86*1 

214 

«77*4 

119*7 

274 

227*2 

153*2 

3A 

29*0 

19*6 

95 

78*8 

531 

166 

128*5 

86*7 

215 

178*2 

120'2 

276 

228*0 

153*8 

36 

29-8 

20'I 

96 

79.6 

53*7 

166 

1293 

87*2 

216 

179*1 

120*8 

276 

228*8 

'54-3 

87 

30-7 

20'7 

97 

80*4 

54» 

187 

130-2 

87*8 

217 

179*9 

121*3 

277 

229*6 

'54-9 

38 

3"-5 

21*2 

98 

81*2 

54-8 

168 

131*0 

88*4 

218 

i8o»7 

121*9 

278 

230*5 

'55-5 

39 

3a'3 

21*8 

99 

82*1 

55*4 

169 

131*8 

88*9 

219 

181*6 

122*5 

279 

231*3 

156*0 

40 

33-2 

22*4 

100 

82*9 

5S'9 

160 

132*6 

89*5 

220 

182*4 

123*0 

280 
281 

232*1 

156*6 

41 

34-0 

22*9 

101 

83-7 

56*5 

161 

"33S 

900 

221 

183-2 

123*6 

233*0 

157-1 

42 

34« 

»3*5 

102 

84*6 

57*o 

162 

'34*3 

90*6 

222 

184-0 

124*1 

282 

2338 

157*7 

43 

356 

24*0 

103 

«5-4 

57-6 

163 

1351 

9x1 

223 

184*9 

124-7 

283 

234*6 

1583 

44 

36-5 

24*6 

104 

86*2 

582 

164 

1360 

9'"7 

224 

185-7 

125*3 

284 

a35*4 

1588 

45 

37  3 

25*2 

105 

87*0 

58-7 

166 

136*8 

92*3 

226 

i86*5 

12^8 

285 

236*3 

'59-4 

46 

38-1 

25*7 

26*3 

KI6 

87*9 

593 

166 

X37-6 

9a*8 

226 

187*4 

126*4 

286 

237*1 

159*9 

47 

39-0 

197 

88-7 

59-8 

167 

138-4 

93*4 

227 

188-2 

126*9 

287 

a37'9 

160-5 

48 

39-8 

26*8 

108 

89*5 

60-4 

168 

'393 

939 

228 

189*0 

127-5 

288 

238*8 

i6x*o 

49 

40*6 

27*4 

109 

904 

61*0 

169 

140*1 

94*5 

229 

1898 

128*1 

289 

239*6 

161*6 

50 

4X*5 

28*0 

no 

111 

91*2 

«i-5 

170 

140*9 

951 

230 

190*7 

128*6 

290 

240*4 

162-2 

51 

42-3 

28*5 

92*0 

62*1 

171 

141*8 

95*6 

231 

19x5 

129*2 

291 

241*2 

162-7 

52 

43» 

29*1 

112 

92*9 

62*6 

179 

142*6 

96*2 

232 

192*3 

129*7 

292 

242*1 

163*3 

53 

439 

29*6 

113 

93*7 

63*2 

173 

»43'4 

96*7 

233 

193*2 

130*3 

293 

242*9 

163*8 

54 

44-8 

30*2 

114 

94-5 

63*7 

174 

'44*3 

97*3 

234 

194*0 

130*9 

294 

»43'7 

164*4 

55 

45-6 

30*8 

115 

95*3 

643 

175 

145- 1 

979 

235 

194.8 

1314 

295 

244.6 

165*0 

66 

464 

3«"3 

116 

96*2 

64*9 

176 

H5-9 

984 

236 

«957 

132*0 

296 

»45"4 

165-5 

57 

47-3 

31-9 

U7 

97-0 

Sr+ 

177 

1467 

990 

237 

196*5 

132^5 

297 

246*2 

166-1 

68 

48*1 

324 

118 

97-8 

66*0 

178 

147*6 

99-5 

238 

197*3 

1331 

298 

247-1 

166-6 

59 

48-9 

33*o 

119 

987 

,66*5 

179 

148*4 

100*1 

*J39 

198*1 

133*6 

299 

247-9 

167*2 

60 
Uitt 

49'7 

336 

120 

99*5 

67*1 

180 

149*2 

ioo*7 

240 

199-0 

134*2 

300 

248*7 

167*8 

|Dep. 

O.Ut 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Lat 

Dist 

Dep. 

D.Ut 

DUt 

Dep. 

D.Ut. 

5C 
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350                                                              gh  2<)m 

Dut. 

D.Ui 

D«p. 

DisL 

D.LHt 

Dep. 

Dist 

.  D.  Lnt 

Dep. 

Di8t 

.D.Lat 

Dep. 

Dist  D.  Lat 

,    Dep. 

1 

0-8      0-6 

61 

50-0 

35-0 

121 

99- r 

69*4 

181 

148*3 

103*8 

241  1  197*4 

138-2 

S 

1-6       i"i 

62 

50-8 

35*6 

122 

99*9 

70-0 

182 

149*1 

104*4 

242 

198-2 

138*8 

3 

»-5 

1-7 

63|  51-6 

36*1 

123 

IOO-8 

70*5 

183 

>49*9 

105*0 

243 

199*1 

139-4 

4 

3*3 

**3 

64 

5*-4 

36-7 

124 

ioi*6 

71*1 

184 

1507 

105*5 

244 

199-9 

140  0 

6 

41 

a-9 

65 

53a 

37*3 

125 

102*4 

71*7 

185 

151*5 

106-1 

245 

200-7 

140  5 

6 

49 

3*4 

66 

54-1 

37.9 

126 

103*2 

72*3 

186 

1524 

io6'7 

246 

201*5 

141-1 

7 

57 

4*o 

67 

54*9 

38-4 

127 

104*0 

72*8 

187 

1532 

107-3 

247 

202*3 

141-7 

8 

6-6 

4-6 

68 

55-7 

390 

128 

104*9 

73 -4 

188 

154*0 

107*8 

248 

203*1 

142*2 

9 

7*4 

5» 

69 

565 

39*6 

129 

105-7 

74-0 

189 

154-8 

108*4 

249 

204-0 

142*8 

10 

8-2 

5*7 

70 

57*3 

40*2 

130 

io6*5 

74*6 

190 

155*6 

109*0 

260 

204*8 

143-4 

11 

90 

6-3 

71 

582 

407 

131 

107-3 

75» 

191 

156-5 

109-6 

261 

205-6 

144*0 

12 

9« 

6-9 

72 

590 

4>*3 

i:»2 

io8*i 

75-7 

192 

'57*3 

iio-i 

262 

206*4 

144*5 

13 

10-6 

75 

73 

59« 

41-9 

133 

2o8'9 

76*3 

193 

158*1 

110-7 

253 

207-2 

145*1 

U 

11-5 

80 

74 

606 

4Z-4 

134 

1098 

76-9 

194 

158*9 

111*3 

254 

208 '1 

145*7 

15 

ix-3 

86 

76 

6«*4 

430 

135 

IIO-6 

77*4 

195 

159*7 

111*8 

266 

208*9 

146*3 

16 

151 

92 

76 

62*3 

43.6 

136 

111*4 

78-0 

196 

1606 

112*4 

256 

209*7 

1468 

17 

13-9 

9-8 

77 

63'i 

442 

137 

1 12-2 

786 

197 

161*4 

113*0 

267 

210-5 

147*4 

\8 

'4*7 

10-3 

78 

639 

44-7 

138 

113-0 

792 

198 

162*2 

113*6 

258 

211*3 

148*0 

19 

15-6 

10-9 

79 

64*7 

453 

139 

113*9 

79*7 

199 

163*0 

114*1 

259 

212*2 

148-6 

^ 

i6-4 

II-5 

80 
81 

65-5 

45*9 

140 

114*7 

80-3 

200 

1638 

114-7 

260 

213*0 

149-1 

21 

17a 

I2'0 

66-4 

46-5 

141 

115-5 

8o*9 

201 

164-6 

115*3 

-261 

213-8 

149-7 

22 

j8-o 

12*6 

82 

67*2 

47  "O 

142 

116*3 

8i*4 

202 

165*5 

115*9 

262 

214*6 

150*3 

23 

i8-S 

13-2 

83 

68'o 

47*6 

143 

117*1 

82*0 

203 

i66*3 

116*4 

263 

21J-4 
216*3 

150-9 

24 

19-7 

138 

84 

68-8 

48*2 

144 

118*0 

82*6 

204 

i67"i 

117*0 

264 

151-4 

2ft 

so*  5 

H-3 

86 

69*6 

488 

145 

ii8*8 

832 

205 

167*9 

117*6 

266 

217*1 

152*0 

26 

ai-3 

»4-9 

86 

70*4 

49' 3 

146 

119-6 

83*7 

206 

168*7 

118*2 

266 

217*9 

152*6 

27 

22-1 

«5-5 

87 

71-3 

49*9 

U7 

120*4 

84-3 

207 

169*6 

118-7 

267 

218*7 

153*1 

28 

129 

i6-i 

88 

72*1 

50*5 

148 

121-2 

849 

208 

170*4 

119*3 

268 

219*5 

153*7 

2!l 

23-8 

16-6 

89 

72-9 

51-0 

!49 

122*1 

85-5 

209 

17 1 -2 

1199 

20*9 

220*4 

'54*3 

311 

24-6 

17-a 

90 

73'7 

51-6 

150 

122-9 

86'o 

*210 
2U 

172-0 

120-5 

270 
271 

221*2 

154*9 

:i\ 

^5'4 

17*8 

91 

74*5 

5Z-2 

151 

123*7 

86*6 

172-8 

121'0 

2220 

i55'4 

32 

26-2 

i8-4 

92 

75'4 

51-8 

152 

1245 

872 

212 

173-7 

121-6 

272 

222*8 

1560 

33 

27*0 

i8'9 

93 

76-2 

53*3 

153 

125*3 

87-8 

213 

'74*5 

122-2 

273 

223*6 

156-6 

34 

27'9* 

19-5 

94 

77-0 

53*9 

154 

126*1 

88*3 

214 

'75*3 

122*7 

274 

2244 

157*2 

3d 

287 

ao'x 

96 

77-8 

54' 5 

165 

127-0 

88*9 

216 

I76-I 

123*3 

275 

225-3 

157-7 

36 

295 

ao'6 

96 

78-6 

55*> 

156 

1278 

89*5 

216 

176-9 

123-9 

276 

226-1 

158-3 

37 

30-3 

21*2 

97 

795 

55-6 

167 

128-6 

90"  I 

217 

177*8 

124-5 

277 

226*9 

158-9 

38 

31-1 

21*8 

98 

80*3 

56-2 

158 

129*4 

90*6 

218 

178-6 

125*0 

278 

227*7 

'59-5 

38 

3«-9 

a»-4 

99 

81*1 

568 

169 

130*2 

91*2 

219 

1 79*4 

125-6 

279 

228*5 

160*0 

40 

328 

22'9 

100 

81*9 

57*4 

160 

131*1 

91-8 

220 

1 80 -2 

126*2 

280 

229-4 

i6o*6 

41 

33-6 

»3'5 

101 

82*7 

579 

101 

131-9 

923 

221 

1810 

126*8 

281 

230*2 

161-2 

42 

344 

14*1 

102 

836 

58-5 

162 

1327 

929 

222 

181*9 

127'3 

282 

231*0 

161-7 

43 

35*» 

14-7 

103 

84-4 

59* « 

163 

>33*5 

93*5 

223 

182*7 

127*9 

283 

231-8 

i6z*3 

44 

360 

25-2 

104 

85*2 

59*7 

164 

»34-3 

94*1 

224 

183*5 

128*5 

284 

232*6 

1629 

46 

369 

25-8 

105 

86-0 

6o-2 

166 

135*2 

94*6 

225 

184-3 

129*1 

286 

a33*5 

163-5 

46 

37-7 

20*4 

106 

86-8 

608 

166 

136*0 

95*2 

226 

1851 

129-6 

286 

*34-3 

164-0 

47 

385 

27*0 

107 

87*6 

62*4 

167 

136*8 

95*8 

227 

185-9 

130*2 

287 

235-1 

164-6 

48 

39*3 

27-5 

108 

88-5 

6]'9 

168 

1376 

96*4 

228 

186-8 

130-8 

288 

a35-9 

165*2 

49 

40'x 

28-1 

109 

893 

«»s 

169 

138*4 

96*9 

229 

187*6 

i3i'3 

289 

236-7 

1658 

50 
51 

41*0 

»8-7 

110 

90*1 

63*1 

170 

i39'3 

97*5 

230 

188*4 

131*9 

290 

237-6 

i66'3 

418 

293 

111 

909 

63-7 

171 

140*1 

98-1 

231 

189-2 

132*5 

291 

238*4 

i66'9 

52 

42*6 

29*8 

112 

91-7 

64*2 

172 

140*9 

98*7 

232 

190*0 

133-1 

292 

2^9*1 

167*5 

53 

434 

30*4 

lis 

92*6 

64*8 

173 

141*7 

99*2 

2.33 

190*9 

133*6 

293 

240*0 

i68-i 

54 

44-a 

31*0 

114 

93-4 

65-4 

174 

H»'5 

99*8 

234 

191-7 

134-2 

294 

240-8 

168*6 

55 

4S'' 

3«*5 

116 

94*2 

66-0 

176 

H3'4 

100*4 

235 

192*5 

134*8 

295 

241*6 

169*2 

56 

45-9 

32*1 

116 

950 

66*5 

176 

144*2 

ioo*9 

236 

193*3 

135-4 

296 

242-5 

169-8 

67 

467 

32*7 

117 

95*8 

67*1 

177 

H5*o 

ioi*5 

237 

194*1 

1359 

297 

243-3 

170-4 

58 

47-5 

33-3 

118 

96*7 

67-7 

178 

145-8 

102*1 

238 

195*0 

136*5 

298 

244*1 

170*9 

59 

4«-3 

33-8 

119 

97*5 

68*3 

179 

146*6 

X02*7 

239 

195-8 

137*1 

299 

2449 

171-5 

60 

49*1 

34*4 

120 

983 

68-8 

180 

147*4 

103*2 

240 

196*6 

137*7 

300 

a45*7 

172*1 

Dm, 

Dep. 

D.Ut 

DinU 

Dep. 

D.Lai 

DisL 

Dep. 

D,L2t 

DiftL 

Dep. 

p.ut. 

Dist.    Dep. 

D.Lat 

55 
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36*^ 

2*»  24» 

D'lBU 

1 

D.Ui 

Dep. 

Dist. 

D.  Lat. 

Dep. 

Dist 

D.  J^t. 

Dap. 

Dist. 

D.Lat. 

Dep. 

Dist 

D.Lat. 

Dep. 

0-8 

06 

61 

49'4 

35*9 

121 

97.9 

7I-I 

181 

146*4 

106*4 

241 

195-0 

141-: 

2 

1-6 

v% 

62 

50-2 

3^*4 

122 

98-7 

71-7 

182 

147-2 

107*0 

242 

1958 

142*2. 

3 

**4 

1-8 

63 

51-0 

37-0 

123 

99' 5 

7**  3 

183 

148-1 

107-6 

243 

196*6 

142-8 

4 

3*» 

»*4 

64 

51-8 

37*6 

124 

ioo*3 

72-9 

184 

148-9 

108*2 

244 

197-4 

143'4 

5 

4-0 

29 

65 

52*6 

38-2 

125 

lOI'I 

73*5 

185 

H9*7 

io8*7 

245 

198*2 

144*0 

6 

4'9 

3*5 

^ 

53*4 

38*8 

126 

ioi'9 

74* « 

186 

150-5 

109*3 

246 

199*0 

144-6 

7 

^ 

4' I 

67 

54'* 

39*4 

127 

102 '7 

74-6 

187 

151-3 

1099 

247 

199*8 

145*2 

8 

4*7 

68 

55-0 

40-0 

128 

103-6 

75*a 

188 

152-1 

110*5 

248 

200*6 

145*8 

9 

r^ 

5*3 

69 

SS-8 

40-6 

129 

104-4 

75*8 

189 

152-9 

111*1 

249 

201*4 

146-4 

10 

8i 

5*9 

70 

56-6 

41-1 

130 

105*2 

76-4 

190 

153*7 

111-7 

250 

202*3 

146-9 

11 

«-9 

6-5 

71 

57*4 

4»-7 

131 

io6'o 

77-0 

191 

154*5 

112-3 

251 

203*1 

147-5 

12 

9*7 

7-1 

72 

S8-2 

42-3 

132 

io6-8 

77-6 

192 

155*3 

II2-9 

252 

203*9 

148*1 

13 

io'5 

7-6 

73 

59*1 

42-9 

133 

io7'6 

78-2 

193 

156*1 

113-4 

253 

204-7 

148*7 

14 

11-3 

8*2 

74 

59'9 

43*5 

134 

108-4 

78-8 

194 

156*9 

114*0 

254 

205*5 

149*3 

15 

12*1 

8-8 

75 

6o'7 

44- 1 

135 

109-2 

79*4 

195 

'^ll 

114-6 

255 

206-3 

149*9 

\e 

I2'9 

9*4 

76 

61-5 

44*7 

136 

IIO'O 

799 

196 

158-6 

115*2 

256 

207- r 

150*5 

17 

ir8 

10*0 

77 

62*3 

45*3 

137 

IIO-8 

80-5 

197 

i}9*4 

115-8 

257 

207*9 

151*1 

18 

14*6 

xo*6 

78 

63'i 

45-8 

138 

111-6 

8x0 

198 

160*2 

116-4 

258 

2o8*7 

151*6 

19 

IS'+ 

11*2 

79 

63-9 

464 

139 

112-5 

81-7 

199 

i6i'o 

117*0 

259 

209-5 

152*2 

20 

l6'2 

11-8 

80 

64-7 

47'o 

140 

113-3 

82-3 

200 

161-8 

117*6 

260 

210*3 

152-8 

21 

17-0 

123 

81 

6s-5 

47-6 

141 

114-1 

82-9 

201 

162-6 

118*1 

261 

211*2 

153-4 

22 

17-8 

12*9 

82 

66-3 

48*2 

142 

114-9 

83*5 

202 

163-4 

118*7 

262 

212-0 

154*0 

23 

28*6 

n's 

83 

67*1 

48-8 

143 

115-7 

84-1 

203 

164*2 

119*3 

263 

212-8 

154*6 

24 

19-4 

14- 1 

84 

680 

49*4 

144 

1165 

846 

204 

165*0 

119*9 

264 

213-6 

155*2 

25 

20'2 

14-7 

85 

68-8 

50*0 

145 

117-3 

852 

206 

165*8 

120-5 

266 

214-4 

155*8 

26 

2X*0 

'S*3 

66 

69-6 

50*5 

146 

fi8-i 

85-8 

206 

166*7 

121*1 

266 

2152 

156-4 

27 

21-8 

15-9 

87 

70-4 

511 

147 

ii8'9 

86*4 

207 

167*5 

121*7 

267 

216*0 

156-9 

28 

22'7 

i6-S 

88 

71*2 

5i'7 

148 

119-7 

87*0 

208 

168-3 

122*3 

2i» 

216-8 

157-5 

29 

»V5 

17*0 

89 

72*0 

5*-3 

149 

120*5 

87-6 

209 

169-1 

122-8 

269 

217*6 

158*1 

30 

»4*3 

17-6 

90 

72*8 

S2-9 

150 
151 

121-4 

88-2 

210 

169-9 

123-4 

270 

218*4 

158*7 

31 

25-1 

18-2 

91 

73-6 

53-5 

122*2 

88-8 

211 

170*7 

124*0 

271 

219*2 

159*3 

32 

25-9 

i8'8 

92 

74"4 

54' 

152 

123-0 

89-3 

212 

171-5 

124*6 

272 

220*1 

159*9 

33 

26*7 

19-4 

93 

75'» 

54*7 

153 

.23-8 

899 

213 

172*3 

1252 

278 

220*9 

]6o*5 

34 

27- s 

20*0 

94 

76*0 

55*3 

154 

124-6 

90-5 

214 

173*1 

125*8 

274 

22*^*7 

161*1 

35 

28-3 

20'6 

95 

769 

55*8 

155 

125-4 

91-1 

•215 

»73-9 

126*4 

275 

222*5 

161-6 

36 

29*1 

21*2 

96 

77'7 

56-4 

156 

1262 

91*7 

216 

174*7 

127-0 

276 

223*3 

162-2 

37 

29-9 

21-7 

97 

78*5 

57-0 

167 

127-0 

92-3 

217 

175*6 

127-5 

277 

224-1 

162-8 

38 

30-7 

22*3 

98 

79*3 

57-6 

158 

127-8 

929 

218 

176-4 

128*1 

278 

2249 

163*4 

39 

31-6 

22*9 

99 

8o'i 

S8-2 

159 

128-6 

93*5 

219 

I77*a 

128-7 

279 

225-7 

164*0 

40 

32-4 

a3*5 

100 

80-9 

588 

100 

129-4 

94-0 

220 

178-0 

129*3 

280 

226-5 

164-6 

41 

33-2 

24*1 

101 

81-7 

59"4 

161 

130-3 

94-6 

221 

178-8 

129-9 

281 

227-3 

165*2 

42 

34-0 

24-7 

102 

82-5 

6o*o 

162 

1311 

95-2 

-222 

179-6 

"3o*5 

282 

228-1 

165*8 

43 

34*8 

2^3 

103 

83-3 

6o'5 

103 

131*9 

95*8 

223 

180-4 

i3'*i 

283 

229-0 

1 66*  3 

44 

?S-6 

25-9 

104 

84-1 

6ri 

164 

132-7 

96*4 

2-24 

l8l'2 

131*7 

284 

229-8 

166*9 

45 

36-4 

26-5 

105 

84-9 

61-7 

165 

'33-5 

97-0 

225 

182*0 

132*3 

285 

230*6 

167*5 

46 

37*a 

27*0 

106 

85-8 

62*3 

166 

134*3 

976 

226 

182-8 

132*8 

286 

2314 

i6S*i 

47 

38-0 

27*6 

107 

86-6 

62-9 

167 

135-1 

98-2 

227 

183*6 

»33*4 

287 

232*2 

16S-7 

48 

38-8 

282 

108 

87-4 

63-5 

168 

'3«;'9 

98*7 

228 

184*5 

134*0 

288 

»33-o 

169*3 

49 

396 

28-8 

109 

88-2 

64-1 

169 

136*7 

99*3 

229 

'!r^ 

134*6 

289 

2338 

169*9 

50 

40-5 

294 

110 

89*0 

64-7 

170 

137-5 

99*9 

230 

186*  I 

135*2 

290 

234*6 

170-5 

61 

4i"3 

30*0 

111 

89-8 

652 

171 

138-3 

100-5 

231 

186*9 

135*8 

291 

435*4 

171-0 

62 

42- 1 

30-6 

112 

90-6 

658 

172 

139-2 

lOl-I 

232 

187*7 

136-4 

292 

236*2 

171*6 

63 

429 

31-2 

113 

91-4 

66-4 

173 

140-0 

ioi'7 

233 

188*5 

137-0 

293 

237-0 

I72*2 

64 

43*7 

3»'7 

114 

92*2 

67*0 

174 

140*8 

I02'3 

234 

1893 

137-5 

294 

437-9 

172-8 

65 

44*5 

3*3 

115 

93-0 

676 

175 

141*6 

102-9 

235 

190-1 

1381 

296 

238-7 

173*4 

66 

4S-3 

329 

116 

93-8 

68*2 

176 

142-4 

103-5 

236 

1909 

1387 

296 

»39-5 

174*0 

67 

46-1 

33*S 

117 

94*7 

68*8 

177 

143'2 

104-0 

237 

191-7 

139*3 

297 

240-3 

174*6 

58 

46-9 

34*1 

118 

95'S 

694 

178 

144-0 

104-6 

238 

192-5 

139*9 

298 

241*1 

175*2 

69 

47*7 

34*7 

119 

96-3 

69-9 

179 

144*8 

105-2 

239 

193*4 

140*5 

299 

241-9 

175*7 

60 

48-5 

35'3 

120 

97-1 

70-5 

180 

145-6 

105*8 

240 

194-2 

141-1 

300 

242-7 

176*3 

Dist. 

Dep. 

D.La1 

DUt 

Dep. 

D.Lat 

DisL 

Dep. 

1).  Ut. 

Dist. 

Dep. 

D.Lat. 

Disu 

Dep. 

D.Lat. 

5^ 

l<» 

8*36"    1 

TABLE  2 


*16 


TRAVERSE  TABLE  TO  <>EOREES                                            1 

37° 

2h  se^   1 

Dist. 

D.Lai 

D«<p. 

Dist  D.  Lar. 

Dep. 

Dist.  D.  Lait. 

Dep. 

Dist. 

D.  Lai. 

Dep. 

Dist. 

D.Ut. 

Dep. 

1 

0-8 

06 

61 

487 

36-7 

121 

96*6 

728 

181 

,446 

io8'9 

241 

192*5 

145*0 

2 

1-6 

1*2 

62 

49*5 

37*3 

122 

97-4 

734 

182 

H5-4 

109-5 

242 

193-3 

145*6 

3 

a-4 

1-8 

63 

503 

37*9 

123 

98*2 

74*0 

183 

146*2 

110*1 

243 

194-1 

146*2 

4 

3-a 

24 

64 

511 

38-5 

124 

990 

74*6 

184 

X46*9 

110*7 

244 

194-9 

146*8 

5 

40 

3-0 

65 

5i'9 

39' I 

125 

99*8 

75'» 

185 

H7-7 

xix*3 

245 

195  7 

147-4 

6 

4-8 

3-6 

66 

S»"7 

397 

126 

ioo*6 

75-8 

186 

X48-5 

xxx*9 

246 

196-5 

148*0 

7 

1'^ 

4» 

67 

53-5 

40-3 

127 

10  X '4 

764 

187 

>49*3 

XI2*5 

247 

1973 

148*6 

8 

6-4 

4« 

68 

54-3 

409 

128 

X02*2 

77.0 

188 

I50-X 

ii3*x 

248 

X981 

149*3 

9 

7-a 

I"-* 

69 

55*> 

4i'S 

129 

103*0 

77.6 

189 

150*9 

"3-7 

249 

198-9 

149*9 

10 

80 

60 

70 

5^9 

42' I 

i:jo 

1038 

78*2 

190 

151*7 

xx4*3 

250 

199-7 

150-5 

11 

8-8 

6-6 

71 

56-7 

417 

l:tl 

104  6 

788 

l!ll 

152*5 

xx4*9 

251 

20O*5 

151*1 

12 

96 

7-2 

72 

575 

43*3 

132 

105-4 

79'4 

19*2 

>53-3 

X15-5 

252 

20X*3 

151*7 

13 

10*4 

7-8 

73 

58-3 

439 

l.Ti 

106-2 

So'o 

193 

154X 

116*2 

253 

;202*I 

X52*3 

14 

11-2 

8-4 

74 

59* » 

445 

i:u 

107-0 

8o-6 

194 

'54-9 

116*8 

254 

202*9 

152-9 

15 

i**o 

90 

75 

59*9 

45*1 

1:15 

107-8 

8x*2 

1.95 

1557 

1x7-4 

255 

203*7 

153'5 

16 

ia-8 

9-6 

76 

6o"7 

45-7 

[Mi 

X08-6 

8i*8 

196 

156*5 

X180 

256 

204*5 

154-1 

17 

13*6 

10*2 

77 

6i-s 

463 

\M 

109-4 

824 

1M7 

J57-3 

1x8-6 

257 

205*2 

154-7 

18 

X4-4 

io'8 

78 

6»-3 

469 

138 

IIO'2 

83-x 

198 

X581 

1x9*2 

258 

206*0 

1S5'3 

19 

15-2 

11-4 

79 

63*1 

47- 5 

13» 

II]*0 

83-7 

199 

X58-9 

xi9*8 

269 

206 '8 

155-9 

20 

i6'o 

I2'0 

80 
81 

639 

48-1 

140 

111*8 

84*3 

200 

159-7 

120*4 

260 

207*6 

156*5 

21 

i6-8 

I2'6 

647 

48-7 

141 

II2-6 

^49 

201 

160*5 

121*0 

261 

208*4 

157-1 

22 

17-6 

132 

82 

65s 

49*  3 

142 

113-4 

855 

202 

161*3 

X2X'6 

262 

209*2 

157-7 

23 

18-4 

13-8 

83 

663 

50-0 

143 

114-2 

86*1 

203 

162*1 

X22-2 

263 

2I0-0 

158-3 

24      19*2 

144 

84 

67*1 

5o»6 

144 

1x5*0 

86*7 

204 

162*9 

122-8 

264 

210*8 

1589 

25     ao-o 

15-0 

85 

67-9 

51-2 

145 

XX5-8 

873 

206 

163-7 

123*4 

265 

2X1*6 

159*5 

26 

20*8 

15-6 

86 

68-7 

51*8 

146 

1x6-6 

87*9 

206 

164*5 

X24*0 

266 

2x2-4 

i6o*x 

27 

21*6 

l6*2 

87 

69-5 

5a*4 

147 

1x7-4 

88-5 

207 

165*3 

124*6 

267 

2x3*2 

160-7 

28 

22*4 

x6'9 

88 

70-3 

530 

148 

Il8*2 

89*1 

208 

x66*i 

X25*2 

268 

2x4*0 

161*3 

29 

23*2 

17-5 

89 

7I-I 

53-6 

149 

119*0 

89*7 

209 

166-9 

125*8 

269 

214-8 

i6i*9 

30 

24-0 

x8i 

90 

719 

54-a 

150 

1x9*8 

90*3 

210 

167*7 

X26*4 

270 

215*6 

162*5 

SI 

24*8 

18-7 

91 

7»*7 

54*8 

151 

X20*6 

909 

211 

168-5 

127*0 

271 

2x6*4 

163*1 

32 

25-6 

19-3 

92 

73*5 

55'4 

152 

121*4 

9>*5 

212 

x69*3 

X27*6 

272 

217*2 

163*7 

33 

26*4 

199 

93 

74*3 

56-0 

153 

X22*2 

92*1 

213 

X70*x 

128*2 

273 

218*0 

164-3 

34 

27-2 

205 

94 

75"» 

56-6 

154 

X23*0 

92*7 

214 

170-9 

X288 

274 

2x8*8 

164-9 

35 

28-0 

2I'I 

95 

759 

57-1 

155 

X23-8 

933 

215 

171-7 

129*4 

276 

219*6 

165*5 

36 

288 

21*7 

96 

76-7 

57-8 

156 

124*6 

93*9 

216 

X72-5 

1300 

276 

220*4 

x66*i 

37 

29-5 

22*3 

97 

77*5 

58-4 

157 

X254 

94-5 

217 

173*3 

130*6 

277 

221*2 

x66*7 

38 

30-3 

22*9 

98 

783 

59-0 

158 

126*2 

95*x 

218 

174*1 

X3X-2 

278 

222*0 

167-3 

39 

311 

»3S 

99 

79-1 

596 

159 

X27*0 

95*7 

219 

«749 

X3X-8 

279 

222*8 

X679 

40 

3»-9 

241 

100 

79*9 

6o'2 

160 

127*8 

96  "3 

220 

175-7 

132-4 

260 

223*6 

x68-5 

41 

32-7 

247 

101 

So*  7 

6o-8 

161 

128*6 

969 

221 

176-5 

1330 

281 

224*4 

x69*i 

42 

33*5 

a5*3 

102 

81*5 

61*4 

162 

129*4 

97*5 

222 

177*3 

133*6 

282 

225*2 

X69-7 

43 

34*3 

259 

103 

82*3 

62-0 

163 

130-2 

98*1 

223 

i78'x 

134*2 

283 

226*0 

170-3 

44 

35' I 

26-5 

104 

83-1 

62*6 

164 

131*0 

98*7 

224 

178-9 

134-8 

284 

226-8 

170-9 

45 

35*9 

27-1 

105 

839 

63*2 

165 

X3X-8 

99*3 

225 

X79*7 

135-4 

285 

227*6 

171-5 

46 

367 

27-7 

106 

84-7 

63-8 

166 

X32*6 

99.9 

226 

i8o*5 

136*0 

286 

228*4 

172*1 

47 

37-5 

283 

107 

85-5 

644 

167 

>33-4 

ioo*5 

227 

181*3 

X36-6 

287 

229*2 

1727 

48 

38-3 

28*9 

108 

86*3 

650 

168 

134*2 

lox-i 

-228 

X82*X 

X37-2 

288 

230*0 

173'3 

49 

39*  I 

»9-5 

109 

87*1 

65-6 

169 

135-0 

xoi*7 

229 

182*9 

137-8 

289 

230-8 

173-9 

50 

39*9 

30*1 

no 

87-8 

66-2 

170    X35-8I 

X02*3 

230 

183*7 

138-4 

290 

231*6 

174-5 

51 

40-7 

30-7 

111 

88*6 

66-8 

171 

136-6 

102*9 

231 

184-5 

139c 

291 

2324 

175*1 

52 

41-5 

31-3 

112 

89*4 

674 

172 

137-4 

103*5 

232 

185*3 

X39-6 

292 

233*2 

1757 

53 

4*-3 

31-9 

113 

90*2 

680 

173 

138-2 

104*  X 

233 

i86*x 

140*3 

293 

234-0 

176*3 

54 

431    3»-5 

114 

91*0 

68-6 

174 

139*0 

104*7 

234 

i86*9 

140*8 

294 

234*8 

176*9 

55 

43*9    331 

115 

91-8 

69*2 

176 

139*8 

105*3 

236 

187-7 

141-4 

295 

235-6 

177-5 

56 

4*-7 

33'7 

116 

92*6 

698 

176 

140*6 

105-9 

236 

188*5 

142-0 

296 

236*4 

I78*i 

57 

45'5 

34*3 

117 

93-4 

70-4 

177 

141*4 

106*5 

237 

189*3 

142*6 

297 

237*2 

178-7 

58 

463 

34"9 

118 

94*2 

71*0 

17a 

142*2 

107*1 

238 

190*1 

143*2 

298 

238-0 

179-3 

60 

47-1 

35*5 

119 

950 

71-6 

179 

143*0 

107*7 

239 

190*9 

143-8 

299 

238*8 

179-9 

r 

47*9 

36*1 

120 

95*8 

72*2 

180 
Dist. 

X43-8 

108*3 

240 

191*7 

144-4 

300 

239*6 

i8o*5 

H 

Dep.  ] 

D.Lat  Di»L 

Dep. 

D.Ur 

Dep. 

D.  Lat. 

Dist. 

Dep. 

D.Lat 

Dist;  Dep. 

D.  Lat. 

/                                                                 63° 

8h82™    1 

47B 


TABLE  2 


TRAVERSE  TABLE  TO  DEGREES 

8€ 

1^ 

2'»3:8»     1 

DUtJoXat 

Dtp. 

Dist. 

D.  Lat. 

Dep. 

Diet. 

D.  Lat. 

Dep. 

Dist. 

1).  Lnt. 

Dep. 

DisL 

D.  Lat. 

Dep. 

1 

0-8 

o*6 

61 

48*1 

37-6 

121 

95*3 

74*5 

181 

142*6 

111*4 

241 

189-9 

148-4 

2 

1-6 

1*2 

11*2 

489 

382 

122 

96*1 

75*' 

1H2 

143*4 

112*1 

*242 

190*7 

X49-C 

3 

»*4 

1-8 

63 

49*6 

38-8 

128 

969 

75'7 

183 

144*2 

112-7 

243 

191*5 

149-6 

i 

3-a 

»-5 

64 

50-4 

39-4 

124 

97*7 

76-3 

184 

145-0 

113*3 

244 

192*3 

150-2 

ft 

3*9 

3-1 

65 

51-2 

40-0 

125 

98-5 

77-0 

185 

1458 

113-9 

245 

»93*> 

150*8 

6      4*7'    3-7 

66 

52*0 

40-6 

126 

993 

77*6 

186 

146-6 

114-5 

246 

'93*9 

151*5 

7 

5*5 

4*3 

67 

528 

41-2 

127 

XOO'I 

78*2 

187 

147*4 

115-1 

247 

194-6 

1 52-1 

8 

6-3 

4*9 

68 

53-6 

4«-9 

128 

ioo'9 

788 

188 

148- 1 

115-7 

248 

i95'4 

152-7 

9 

7*« 

5*5 

69 

54*4 

<a*5 

129 

101-7 

79'4 

189 

148-9 

116*4 

249 

196*2 

iS3'3 

10 

7*9 

6-2 

70 

5Sa 

43*  J 

130 

X02'4 

80*0 

190 

H9*7 

117*0 

250 

197-0 

J53*9 

U 

8-7 

6-8 

71 

559 

43*7 

131 

103-2 

80-7 

191 

150-5 

117*6 

251 

197-8 

"54*5 

12 

9*5 

7-4 

72 

56-7 

44*3 

132 

104*0, 

81-3 

192 

151-3 

ll8-2 

252 

198-6 

155*1 

IS 

lo-i 

8-0 

73 

57*5 

449 

133 

104*8 

81-9 

193 

1521 

ii8*8 

263 

199-4 

155-8 

14 

II'O 

8-6 

74 

58-3 

45-6 

134 

105*6 

82*5 

194 

152*9 

119-4 

254 

200-2 

156-4 

15 

II-8 

9-2 

75 

591 

46*2 

135 

io6*4 

83M 

195 

»53-7 

120'1 

255 

200'9 

157-0 

16 

12*6 

9*9 

76 

59*9 

46-8 

136 

107*2 

83-7 

196 

154*5 

120-7 

256 

201*7 

157-6 

17 

13*4 

io'5 

77 

6o*7 

47*4 

137 

1080 

84*3 

197 

155-2 

121*3 

257 

202*5 

158-2 

18 

14-2 

ii'i 

78 

61-5 

480 

\:w 

108-7 

85-0 

198 

156-0 

121*9 

258 

203-3 

158-8 

19 

15-0 

11*7 

79 

62' 3 

486 

139 

109-5 

85-6 

199 

156-8 

122-5 

259 

204*1 

'59' 5 

20 

158 

12-3 

80 

63'o 

49*3 

140 

110*3 

86-2 

200 

157*6 

123-1 

260 

204-9 

160*1 

21 

165 

129 

81 

638 

49*9 

141 

IXI-I 

86*8 

201 

158*4 

123-7 

261 

205-7 

160-7 

22 

>7'3 

135 

82 

64*6 

50-5 

142 

III-9 

874 

202 

159-2 

124*4 

262 

206*5 

161-3 

23 

i8-i 

142 

83 

654 

Sx-i 

143 

112-7 

88*0 

203 

160-0 

125-0 

263 

207*2 

161-9 

24 

i8'9 

14-8 

84 

66-2 

5'*7 

144 

113-5 

88-7 

204 

i6o*8 

125*6 

-264 

208*0 

162*5 

25 

19-7 

»5'4 

85 

67*0 

5»-3 

145 

114*3 

89-3 

205 

i6i-5 

126*2 

265 

208-8 

163*2 

26 

■ 

20*5 

16*0 

86 

67-8 

529 

146 

115-0 

899 

206 

162*3 

126*8 

266 

209*6 

163-8 

2> 

ai'j 

x6B 

87 

68-6 

53-6 

147 

115-8 

905 

207 

163-1 

127*4 

267 

210-4 

164-4 

28 

22*1 

17*2 

88 

69-3 

54*1 

148 

116-6 

91-1 

208 

163*9 

128*1 

268 

2X1*2 

165*0 

29 

22*9 

17*9 

89 

70-1 

54-8 

149 

117-4 

91-7 

209 

164-7 

1287 

269 

212-0 

165-6 

SO 

23*6 

185 

90 

70-9 

55'4 

150 

II8-2 

92-3 

210 

165-5 

129*3 

270 

212-8 

166-2 

31 

244 

19- 1 

91 

71-7 

56-0 

151 

119*0 

93-0 

211 

166-3 

129*9 

271 

213-6 

166-8 

32 

25-2 

19-7 

92 

72-5 

566 

152 

119*8 

93-6 

212 

167-1 

130*5 

272 

214-3 

167-5 

39 

P. 

20*3 

93 

73*3 

57-3 

153 

120-6 

94-2 

213 

167-8 

131-1 

278 

215*1 

168- X 

34 

20'9 

94 

74*1 

57*9 

154 

121*4 

94-8 

214 

168-6 

131*8 

274 

215*9 

168-7 

35 

27*6 

21-5 

95 

74*9 

58-5 

155 

122*1 

95*4 

215 

169-4 

132-4 

275 

216-7 

169-3 

36 

28-4 

22-2 

96 

75-6 

591 

156 

122*9 

96-0 

216 

170-2 

133*0 

276 

217*5 

169-9 

37 

29-2 

22*8 

97 

76-4 

597 

157 

123-7 

96-7 

217 

171-0 

133-6 

277 

218-3 

170-5 

38 

299 

a3-4 

98 

77*1 

oo'3 

158 

124-5 

97*3 

218 

171*8 

134*2 

278 

219-1 

171-2 

39 

30-7 

24*0 

99 

78-0 

6i*o 

159 

125-3 

97*9 

219 

171-6 

134-8 

279 

219-9 

171-8 

40 

31-5 

24*6 

100 
101 

788 

6r6 

160 

126-1 

98-5 

220 

173*4 

135*4 

280 

220*6 

172*4 

41 

32-3 

25-2 

79*6 

62*2 

161 

126-9 

99' > 

221 

174-2 

136-1 

281 

221-4 

173-0 

42 

33*1 

25-9 

102 

8o'4 

62-8 

162 

127-7 

99*7 

222 

174*9 

136-7 

282 

222*2 

1736 

43 

33*9 

26*5 

103 

8r2 

63-4 

163 

128-4 

100-4 

223 

171*7 
176-5 

137*3 

283 

223*0 

174** 

44 

34*7 

27-1 

104 

82-0 

640 

164 

129*2 

101*0 

224 

137*9 

284 

223-8 

174-8 

45 

35'5 

27-7 

105 

82-7 

64-6 

165 

130-0 

101-6 

225 

177*3 

138-5 

285 

224-6 

i75"5 

46 

36-2 

28-3 

1(16 

83-5 

653 

166 

1308 

X02»2 

226 

178*1 

139-1 

286 

225*4 

176-1 

47 

37-0 

28*9 

107 

84-3 

65-9 

167 

131-6 

102-8 

227 

178*9 

139-8 

287 

226-2 

176-7 

48 

37-8 

29*6 

108 

851 

66-5 

168 

132-4 

103*4 

2-28 

179*7 

140-4 

288 

226*9 

177-3 

49 

386 

30-2 

109 

859 

671 

169 

133-2 

104-0 

229 

180-5 

141*0 

289 

227-7 

177*9 

50 

39'4 

30-8 

110 

86-7 

67-7 

170 

134*0 

104-7 

230 

l8l*2 

141*6 

290 

228-5 

178-5 

51 

40-2 

31-4 

111 

87-5 

68-3 

171 

1347 

10S3 

231 

182-0 

142-2 

-291 

229-3 

X79-2 

52 

410 

32*0 

112 

883 

69*0 

172 

135*5 

ioj-9 
io6*5 

232 

182-8 

142-8 

292 

230*1 

179-8 

5S 

41*8 

32-6 

113 

89-0 

696 

173 

1363 

•233 

183-6 

i43"4 

293 

230*9 

180*4 

54 

42-6 

33'» 

114 

898 

70*2 

174 

137*1 

107- 1 

234 

184-4 

144*1 

294 

231-7 

i8i*o 

55 

43*3 

339 

115 

90-6 

70*8 

175 

137-9 

107*7 

235 

185*2 

»44*7 

295 

232*5 

iSr6 

56 

44- 1 

34-5 

116 

914 

71*4 

176 

138*7 

108-4 

2.30 

186*0 

U5*3 

296 

*33*3 

182-2 

57 

44*9 

35-1 

117 

92*2 

72-0 

177 

n9'5 

109*0 

237 

i86*8 

H5'9 

297 

234*0 

181*9 

58 

45*7 

35*7 

118 

93*o 

72-0 

178 

140-3 

IC9-6 

238 

187*5 

146-5 

'298 

2348 

183-5 

M  ,465 

363 

119 

93-8 

73*3 

179 

141-1 

110*2 

239 

i88*3 

147*1 

299 

235-6 

184- 1 

60 

47*3 

36-9 

120 

94-6 

73'9 

180 

141*8 

110*8 

240 

1891 

147*8 

300 

236-4 

184-7 

Dist 

Dep. 

D.Ut 

out. 

Dep. 

D.Lat 

Diat. 

Dep. 

D.Utl 

Dist. 

Dep. 

D.Ut 

Diat 

Dep. 

D.Lat 

AS 

P 

3*28»    1 

V 


'    TABLE  2 


477 
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a9°                                                2^  96"*    1 

DiBrJD.M 

Dep. 

Dist. 

D.  Lat. 

Dep. 

OisL 

D.Lat. 

Dep. 

OisL 

D.Lat. 

Dep. 

Dial. 

D.  Lat. 

Dep. 

1 

0*8 

©•6 

6k 

47*4 

38-4 

121 

94-0 

76- X 

181 

140*7 

113-9 

241 

187*3 

151*7 

2 

v6 

1-3 

62 

48*2 

39.0 

122 

948 

76*8 

182 

141*4 

114*5 

242 

188-X 

152-3 

3 

»-3 

1-9 

63 

490 

396 

123 

956 

77*4 

183 

142-2 

115*2 

243 

1888 

152*9 

4 

3» 

a- 5 

64 

49' 7 

40'3 

124 

96-4 

78*0 

164 

143*0 

115*8 

244 

189-6 

1536 

6 

3*9 

3-1 

65 

505 

409 

125 

97*1 

78-7 

185 

143*8 

116*4 

245 

190-4 

154*2 

6 

4*7 

3-8 

66 

51-3 

41-5 

126 

97-9 

79'3 

186 

144-5 

117*1 

•i46 

191*2 

154*8 

7 

5-4 

4*4 

67 

52- X 

42*2 

127 

987 

79.9 

187 

'45-3 

117*7 

247 

192*0 

155*4 

8 

6*2 

5-0 

68 

52-8 

42-8 

128 

99*5 

80*6 

188 

146-1 

1x8*3 

248 

192-7 

156*1 

9 

7-0 

5-7 

69 

536 

43*4 

129 

100-3 

8i-2 

189 

146-9 

118*9 

249 

193*5 

156*7 

10 

7-« 

6-3 

70 

54-4 

44"  1 

130 

101*0 

81-8 

190 

H7*7 

119*6 

250 

194-3 

157*3 

It 

8-5 

69 

71 

5S'» 

44*7 

131 

iox-8 

82-4 

191 

X484 

120-» 

251 

1951 

158*0 

12 

9'3 

7-6 

72 

56*0 

45*3 

132 

102-6 

83-1 

192 

149-2 

X20-8 

252 

195*8 

158-6 

13 

lO'I 

8*2 

73 

56-7 

45'9 

133 

103-4 

83-7 

193 

150-0 

121*5 

253 

196*6 

159*2 

14 

10*9 

8-8 

74 

57*5 

466 

184 

104-1 

843 

194 

X50-8 

122-1 

254 

197-4 

159-8 

13 

ii»7 

94 

75 

59^3 

47** 

135 

104-9 

85*0 

195 

X51-5 

122*7 

255 

198*2 

i6o*5 

16 

12-4 

10*  I 

76 

59-1 

47-8 

136 

105*7 

85*6 

196 

152*3 

123*3 

256 

198-9 

i6i*t 

17 

^rK 

10-7 

77 

59-8 

48s 

137 

106-5 

86*2 

197 

1531 

124-0 

257 

199*7 

x6x*7 

18 

14*0 

II-3 

78 

6o'6 

49- 1 

138 

107-2 

86-8 

198 

»53-9 

124*6 

258 

200*5 

162*4 

19 

14*8 

I2»0 

79 

6,4 

49'7 

139 

108-0 

*Z'5 

199 

>S4-7 

125*2 

259 

201*3 

x63-o 

20 

MS 

12-6 

80 

62*2 

50*3 

140 

108-8 

88- 1 

200 

'55'4 

125-9 

260 

202-1 

163*6 

21 

i6-3 

13-2 

81 

62*9 

51-0 

141 

109*6 

88*7 

201 

156*2 

126*5 

261 

202-8 

164*3 

22 

17*1 

13-8 

82 

63-7 

51*6 

142 

xio*4 

894 

202 

1570 

127*  X 

262 

203*6 

164*9 

23 

17-9 

H'S 

83 

64-5 

52-2 

143 

iii'i 

90*0 

203 

157-8 

X27*8 

263 

204*4 

1655 

24 

i8-7 

151 

84 

65-3 

5»-9 

144 

iix*9 

90*6 

204 

158*5 

128*4 

264 

205-2 

x66*i 

25 

'9*4 

15-7 

85 

66- 1 

53*5 

145 

1 12-7 

91-3 

205 

159-3 

129*0 

265 

205-9 

i66-8 

26 

20*2 

164 

86 

66-8 

54-1 

146 

113-5 

919 

206 

160*1 

129*6 

266 

206-7 

167*4 

27 

2I*0 

17-0 

87 

676 

54-8 

147 

114-2 

9»*5 

207 

160-9 

130-3 

267 

207*5 

168*0 

28 

21-8 

17'6 

88 

68*4 

55*4 

148 

115-0 

93*  1 

208 

i6x*6 

130*9 

268 

208-3 

168*7 

29 

22-5 

18-3 

89 

69-2 

56-0 

149 

115-8 

93-8 

209 

162*4 

131*5 

-269 

2C9-I 

169*3 

SO 

»3-3 

i8'9 

90 

69-9 

56*6 

150 

116-6 

94'4 

210 

163*2 

132*2 

270 

209*8 

169*9 

31 

24-1 

19-5 

91 

70-7 

57-3 

151 

117*3 

950 

211 

164*0 

132-8 

271 

210-6 

170*5 

32 

H*9 

20'I 

92 

71*5 

579 

152 

118-1 

95-7 

212 

164*8 

133-4 

272 

2II-4 

171-2 

33 

25-6 

20-8 

93 

72-3 

58-5 

153 

118-9 

963 

213 

165*5 

134-0 

273 

212*2 

1718 

34 

26-4 

21-4 

94 

73' I 

59-2 

154 

119-7 

969 

214 

166*3 

134*7 

274 

212*9 

172*4 

35 

IJ'X 

22*0 

95 

73-8 

59*8 

155 

120-5 

97-5 

215 

167*1 

135-3 

275 

213-7 

173*1 

36 

28*0 

22*7 

96 

74*6 

60*4 

156 

121*2 

98*2 

216 

167*9 

135-9 

276 

214-5 

173*7 

37 

2S-8 

233 

97 

75'4 

61*0 

157 

I22'0 

98-8 

217 

168-6 

136-6 

277 

2153 

174-3 

38 

295 

23-9 

98 

76*2 

61-7 

158 

122*8 

99*4 

218 

169-4 

137-2 

278 

2l6'0 

175-0 

39 

30-3 

M'S 

99 

76-9 

62"  3 

159 

123*6 

100*1 

219 

170*2 

137*8 

279 

216*8 

175*6 

40 
41 

311 

25-2 

258 

100 

777 

62-9 

160 

124-3 

ioo*7 

220 

171*0 

138*5 

280 

217*6 

i76'2 

3>-9 

101 

78-5 

636 

161 

125*1 

ioi*3 

221 

171*7 

139-1 

281 

218*4 

176*8 

42 

32-6 

26-4 

102 

79*3 

64'2 

162 

125-9 

101*9 

222 

172*5 

139*7 

282 

219*2 

177*5 

43 

33*4 

27-1 

103 

8o'o 

64-8 

163 

X26»7 

102*6 

223 

173-3 

140*3 

283 

219-9 

X78-X 

44 

34*1 

27-7 

104 

808 

654 

164 

127-5 

103*2 

224 

174- 1 

141-0 

284 

220*7 

178-7 

45 

3S-0 

283 

105 

816 

66-1 

165 

128*2 

1038 

225 

>74'9 

141*6 

285 

221-5 

179*4 

46 

35-7 

28-9 

106 

824 

66-7 

166 

129-0 

104*5 

226 

175*6 

142-2 

286 

222*3 

180*0 

47 

36-5 

»9'6 

107 

83-2 

67-3 

167 

129*8 

105-1 

227 

176*4 

142*9 

287 

223*0 

180-6 

48 

37-3 

30*2 

108 

83-9 

68*o 

168 

130*6 

105*7 

228 

177*2 

143-5 

288 

223*8 

181*2 

49 

38-1 

30*8 

109 

84-7 

68-6 

169 

131-3 

106-4 

229 

178-0 

144- 1 

289 

224*6 

i8i*9 

50 

38-9 

3«'5 

110 

85-5 

69*2 

170 

132  « 

107*0 

230 

178-7 

'44*7 

290 

"5*4^ 
226-1 

182*5 

51 

39-6 

3»-i 

111 

86-3 

699 

171 

132-9 

107-6 

281  i  X79'5 

145-4 

291 

183*1 

52 

40-4 

3*'7 

112 

87«o 

70-5 

172 

133*7 

108*2 

232    180*3 

146*0 

292 

226*9 

183-8 

53 

41-2 

33*4 

113 

87-8 

71-1 

173 

134-4 

108-9 

233 

]8i*i 

146*6 

293 

227*7 

184-4 

54 

42-0 

34-0 

114 

88-6 

71-7 

174 

135-2 

109*5 

234 

181*9 

147*3 

294 

228-5 

185-0 

55 

4a-7 

34-6 

115 

89-4 

72-4 

175 

136-0 

XIO'X 

235 

182-6 

147*9 

^5 

229-3 

185-6 

56 

43*5 

3S'» 

116 

90-1 

73.0 

176 

136-8 

xio-8 

286 

183*4 

148-5 

296 

230-0 

186*3 

67 

443 

35-9 

117 

90-9 

73-6 

177 

137-6 

111*4 

237 

184-2 

149-1 

297 

230*8 

186*9 

58 

45* « 

365 

118 

91-7 

74*3 

178 

i3«-3 

112*0 

238 

185*0 

149-8 

298 

231-6 

187*5 

59 

45*9 

37-1 

119 

92-5 

74'9 

179 

139-1 

1X2*6 

239 

185*7 

150*4 

299 

232-4 

188*2 

60 

Dm 

r— 

46-6 

37-8  1120 

93-3 

75*5 

180 

139-9 

113*3 

240 

x86«5 

151-0 

800 

233*1 

188*8 

Dep. 

D.UriDkt 

D^. 

D.Lat 

Dist 

Dep. 

D.Lat. 

Dist. 

Dep. 

D.  Lai. 

Dist 

Dep. 

D.  LHt. 

t 

5 
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40 

"                                               ^MO"    1 

Dist. 

D.Ut 

Dep. 

Dist 

D.Lst 

Dep. 

Dist. 

D.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.Laf. 

Dep. 

1 

0-8 

o'6 

61 

4^-7 

39*a 

121 

917 

77-8 

181 

138*7 

116*3 

241 

184*6 

«54*9 

S 

«'5 

1-3 

62 

47*5 

39*9 

122 

935 

78-4 

182 

139*4 

117-0 

242 

185-4 

155*6 

3 

*'3 

>-9 

63 

48-3 

405 

123 

942 

79*1 

183 

140*2 

117*6 

243 

i86*i 

156-2 

4 

3'» 

2*6 

64 

49-0 

411 

124 

950 

79*7 

184 

141*0 

1x8-3 

244 

186-9 

156*8 

A 

3-8 

3-1 

66 

498 

41-8 

126 

95-8 

8o*3 

186 

141-7 

1x8*9 

245 

187-7 

157*5 

6 

4-6 

3*9 

66 

50*6 

4*4 

126 

96-5 

8i*o 

186 

142*5 

119*6 

246 

i88*4 

158*1 

7 

5*4 

4*5 

67 

51-3 

43-1 

127 

97*3 

81*6 

187 

H3'3 

X20'2 

247 

189*2 

158-8 

8 

6-1 

5-1 

68 

52-1 

43*7 

128 

98-1 

82*3 

188 

144*0 

120«8 

248 

190*0 

159*4 

9 

6-9 

5-8 

69 

S^'9 

44*4 

129 

98-8 

82*9 

189 

144-8 

121-5 

249 

190*7 

i6c-i 

10 

7*7 

<5-4 

70 

S3-6 

45-0 

130 

996 

83*6 

190 

H5*5 

122*1 

250 

191-5 

X60-7 

11 

8-4 

7-x 

71 

54'4 

45-6 

131 

100*4 

«4-2 

191 

146-3 

122-8 

251 

192*3 

161-3 

12 

91 

7*7 

72 

$5-* 

46-3 

132 

XOI'I 

84*8 

192 

147*1 

123-4 

252 

193-0 

x6z*c 

18 

lO'O 

8-4 

73 

S5*9 

46-9 

138 

ioi*9 

85-5 

193 

147-8 

124*1 

253 

193*8 

x62*6 

14 

io*7 

9*o 

74 

567 

47-6 

134 

102*6 

86*1 

194 

148-6 

1*4*7 

264 

1946 

163*3 

16 

II-5 

9-6 

76 

57*5 

48*2 

136 

103*4 

86*8 

196 

H9*4 

125*3 

255 

195*3 

163-9 

16 

ia-3 

io'3 

76 

58-2 

489 

186 

104*2 

874 

196 

150M 

126*0 

256 

196*1 

164*6 

17 

i3'o 

10*9 

77 

59-0 

49*5 

187 

104*9 

88*1 

197 

X50-9 

126*6 

257 

196*9 

x65-i 

18 

ij-8 

11*6 

78 

59-8 

50*1 

138 

105*7 

88*7 

198 

151-7 

127*3 

258 

197*6 

165*8 

19 

14*6 

12*2 

79 

6o'5 

50-8 

139 

106*5 

89*3 

199 

1 5a  "4 

127*9 

259 

198*4 

i66*5 

20 

15-3 

12*9 

80 

6i*3 

5'*4 

140 

107*2 

90-0 

200 

153*2 

128-6 

260 

1992 

167*1 

21 

161 

»3*S 

61 

62*0 

52-1 

141 

108 'O 

90*6 

201 

154*0 

129*2 

261 

199-9 

1678 

22 

i6'9 

14-1 

82 

628 

52-7 

142 

jo8*8 

9X-3 

202 

154*7 

1298 

262 

200-7 

1684 

23 

17-6 

14*8 

83 

63-6 

53-4 

143 

109*5 

9x*9 

203 

»55*5 

130*5 

263 

201*5 

169-1 

24 

18-4 

15-4 

84 

643 

54-0 

144 

no*  3 

92*6 

204 

156*3 

131'X 

264 

202*2 

160-7 

26 

19*2 

161 

86 

651 

54-6 

146 

III*I 

93.2 

205 

157-0 

i3x*8 

265 

203*0 

170-3 

28 

19-9 

i6»7 

86 

65-9 

55*3 

146 

xii'8 

93*8 

206 

157*8 

132-4 

266 

203-8 

171*0 

27 

20*7 

«r4 

87 

66-6 

55*9 

147 

112*6 

94*5 

207 

158*6 

1331 

267 

204-5 

171*6 

28 

21-4 

18*0 

88 

67-4 

566 

148 

113-4 

95*  I 

208 

159*3 

i33'7 

268 

205-3 

172*3 

2<J 

2a'2 

i8-6 

89 

68-2 

57-2 

149 

114*1 

95*8 

209 

i6o*i 

134*3 

269 

2C6-I 

1729 

80 

13*0 

193 

90 

68*9 

57*9 

160 

114*9 

96*4 

210 

160*9 

135*0 

270 

206-8 

173-6 

81    ^y7 

19-9 

91 

697 

58-5 

161 

115*7 

97*  X 

211 

i6i*6 

135*6 

271 

207*6    174-2 

32    245 

20*6 

92 

70-5 

59-1 

162 

116*4 

97.7 

212 

162-4 

136-3 

272 

208*4    174-8 

33 

25-3 

21*2 

93 

71-2 

59-8 

163 

117*2 

98*3 

213 

163-2 

1369 

273 

209-1    X75-5 

34 

26*0 

2X'9 

94 

72*0 

60-4 

164 

1x8*0 

99*0 

214 

163-9 

137*6 

274 

209-9    *76*' 

86 

26*8 

22*5 

96 

72-8 

611 

156 

ii8'7 

99*6 

216 

164*7 

138*2 

275    210-7  1  1768  1 

86 

27*6 

23-1 

96 

73*5 

6i*7 

156 

119*5 

•ioo'3 

216 

165*5 

138-8 

276 

211-4     177*41 

37 

28-3 

23'8 

97 

74*3 

62*4 

167 

120*3 

ioc*9 

217 

x66«2 

1395 

277 

212-2 

178*1 

38 

29*1 

24*4 

98 

jyi 

63-0 

168 

121*0 

xoi-6 

218 

167*0 

140*1 

278 

213*0 

178*7 

39 

29-9 

Z5-I 

99 

75-8 

636 

169 

I2X*8 

I02*2 

219 

167*8 

140*8 

279 

213-7 

179*3 

40 

30*6 

25-7 

100 

76*6 

64-3 

160 

X22»6 

102*8 

220 

168*5 

141*4 

280 

214-5 

i8c-c 

41 

3«"4 

26*4 

101 

77 '4 

64-9 

161 

X233 

103-5 

221 

169-3 

142*1 

281 

2153 

18c- 6 

42 

32*2 

27*0 

102 

78-1 

656 

162 

124*1 

104- 1 

222 

170*1 

142*7 

282 

2l6*0 

181-3 

43 

3»*9 

27*6 

103 

78*9 

66*2 

163 

124*9 

104-8 

223 

170*8 

143*3 

283 

216*8 

181-9 

44 

33*7 

28*3 

104 

79*7 

66-8 

164 

X25-6 

105*4 

224 

171*6 

144*0 

284 

217*6 

182-6 

46 

34*5 

28'9 

106 

80*4 

67-5 

166 

126*4 

ic6-i 

226 

172*4 

144.6 

285 

2x8*3 

183*1 

46     35a 

29-6 

106 

81*2 

68-1 

166 

XZ7*2 

xc6»7 

226 

173*1 

145  3 

286 

2x9-1 

183*8 

47 

36*0 

30*2 

107 

82*0 

68*8 

167 

X27'9 

io7'3 

227 

173*9 

145*9 

287 

2x9-9 

184*5 

48 

36-8 

30-9 

108 

82-7 

694 

168 

128*7 

108*0 

228 

174*7 

146*6 

288 

220-6 

185*1 

49 

37'5 

3«*5 

109 

83-5 

70"  I 

169 

129*5 

io8*6 

229 

175*4 

147*2 

289 

221*4 

185-8 

60 

38-3 

32-1 

110 

84-3 

70-7 

170 

130*2 

109-3 

230 

176*2 

147-8 

290 

222*2 

U6-A 

61 

39-1 

32-8 

111 

850 

71*3 

171 

131*0 

109*9 

231 

177*0 

148-5 

291 

222-9 

i87"> 

62 

39-8 

33'4 

112 

858 

72*0 

172 

X31-8 

IIO-6 

232 

177*7 

149-1 

292 

223*7 

187*7 

63 

40*6 

34-1 

113 

86-6 

72*6 

17s 

X32*5 

III'2 

233 

178*5 

149*8 

293 

224*5 

188-3 

64 

41-4 

34*7 

114 

873 

73*3 

174 

133*3 

iix-8 

234 

179*3 

150*4 

294 

225*2 

189-c 

66 

42*1 

35*4 

116 

88-1 

73-9 

175 

134-1 

112*5 

236 

180*0 

151*1 

295 

226*0 

189*6 

66 

42-9 

36*0 

116 

889 

746 

176 

134-8 

113*1 

236 

i8o-8 

1517 

296 

226*7 

190-3 

67 

43-7 

36-6 

117 

896 

75-2 

177 

135-6 

113*8 

237 

181*6 

152*3 

297 

227*5 

190-9 

68 

44*4 

37*3 

)18 

904 

75-8 

178 

136*4 

114*4 

238 

182-3 

153*0 

298 

228*3 

191*6 

69 

4S'» 

37*9 

119 

91-2 

76-5 

179 

137*1 

115*1 

239 

183-1 

153*6 

299 

229*0 

191*2 

60 

46*0 

38-6 

120 

91-9 

77*1 

180 

137*9 

115*7 

240 

183-9 

154*3 

300 

229-8 

X928 

Diet 

Dep. 

■ 

D.Lhi 

Dist 

Dep. 

D.Ut 

Dist 

Dep. 

D.Lut 

DiritJ  Dep. 

1 

D.Lat. 

Dist 

Dep. 

D.I-st 

5( 
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41 

0                                                   •2''44"     1 

■\i_A 

D.Lat  I>ep. 

Dist 

D.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist.  D.  Lat 

Dep. 

DistJD.  Ut. 

Dep. 

1 

©•8      0-7 

61 

46*0 

40-0 

121 

91-3 

79'4 

181 

136*6 

li8*7 

241 

i8i'9 

158*1 

2 

i'5 

»"3 

62 

46-8 

40-7 

122 

92*1 

So*o 

182 

137*4}  119*4 

242 

182*6 

158-8 

3 

*-3 

»•© 

«3 

47-5 

4«-3 

123 

92*8 

80*7 

183 

138*1 

120*1 

243 

183*4 

"594 

4 

3-0 

a-6 

64 

483 

42*0 

124 

936 

81*4 

184 

138*9 

120*7 

244 

184*1 

160*1 

6 

3« 

3*3 

65 

49' » 

42'6 

125 

94*3 

82*0 

185 

139-6 

121*4 

245 

1849 

i6o*7 

6 

45 

3*? 

66 

49-8 

433 

126 

95*  1 

82-7 

186 

140*4 

i2a*o 

246 

185-7 

161*4 

7 

y^ 

4-6 

•7 

50*6 

440 

127 

95*8 

83-3 

187 

141*1 

122*7 

247 

186*4 

162*0 

8 

6o 

5*» 

68 

5>-3 

44-6 

128 

96-6 

84*0 

188 

141*9 

i»3-3 

248 

187-2 

162*7 

9 

6*8 

n 

60 

52- 1 

45*3 

129 

97-4 

846 

189 

142-6 

124*0 

249 

187*9 

163*4 

10 
11 

7-5 

6-6 

70 

52-8 

45*9 

ISO 

98-1 

853 

190 

"43*4 

124*7 

250 

188*7 

164-0 

»3 

7-2 

71 

53-6 

46-6 

131 

98-9 

85-9 

191 

144*1 

125*3 

251 

1894 

164*7 

12 

9» 

7-9 

72 

54*3 

47a 

132 

99-6 

86-6 

192 

H*'9 

126-0 

252 

190*2 

165*3 

IS 

9-8 

8-5 

73 

55« 

479 

133 

ioo'4 

87-3 

193 

H57 

126*6 

253 

190*9 

166*0 

14 

lO'O 

9-2 

74 

55-8 

48-5 

134 

lOX'I 

879 

194 

146-4 

127*3 

254 

191*7 

166*6 

U     11-3 

9« 

75 

56-6 

492 

135 

101*9 

88-6 

195 

147-2 

127*9 

255 

192*5 

1673 

16    III 

105 

76 

57*4 

499 

136 

I02'6 

89*2 

196 

H7-9 

128*6 

266 

193*2 

1680 

17 

12*8 

11*2 

77 

58-1 

50-5 

137  i  103-4 

89*9 

197 

148*7 

129*2 

257 

19^-0 

168-6 

18 

136 

ii'8 

78 

589 

51-2 

138 

X04-1 

90-5 

198 

H9-4 

129*9 

258 

194-7 

169-3 

19 

>4-3 

ia-5 

79 

596 

51-S 

139 

104*9 

91*2 

199 

150*2 

130*6 

259 

195-5 

169-9 

20 

151 

131 

60 

60*4 

5*- 5 

140 

105*7 

91*8 

200 

150-9 

131-2 

260 

196*2 

170*6 

21 

15*8 

13-8 

81 

61*1 

531 

141 

106-4 

92*  5 

201 

151*7 

131*9 

261 

197-0 

171*2 

22 

i6*6 

14*4 

82 

61-9 

53-8 

142 

107*2 

932 

202 

152*5 

132*5 

262 

W7 

171*9 

23 

>7'4 

151 

83 

626 

545 

143 

1079 

93-8 

203 

153*2 

133*2 

263 

198*5 

172-5 

24 

181 

15-7 

84 

634 

55> 

144 

ic8*7 

945 

204 

154-0 

133*8 

264 

199-2 

173*2 

25 

18-9 

16-4 

85 

64*2 

55-8 

145 

109-4 

951 

205 

154-7 

»34-5 

265 

200*0 

173-9 

26 

19-6 

17-1 

86 

64-9 

564 

146 

110*2 

95-8 

206 

'55-5 

>35-> 

266 

200'8 

174-5 

27 

20-4  1  17-7 

87 

tP 

57-1 

147 

iio'9 

964 

207 

156-2 

135-8 

267 

201*5 

175-2 

28 

21*1  }  i8'4 

68 

66*4 

577 

148 

111*7 

97-1 

208 

157*0 

136*  5 

268 

20Z*3 

175-8 

29 

21*9  ,  19*0 

89 

67'2 

58-4 

149 

112-5 

97*8 

209 

157-7 

137-1 

269 

203*0 

176*5 

30 

22-6  1    19*7 

90 

67-9 

590 

150 

113*2 

98*4 

210 

158*5 

137-8 

270 

203-8 

177*1 

31 

23'4  '  20-3 

01 

687 

597 

151 

114*0 

99*  1 

211 

1592 

138*4 

271 

204*5 

177-8 

32 

24*2      21'0 

92 

694 

6o»4 

152 

114*7 

997 

212 

i6o*o 

1391 

272 

205-3 

178-4 

33 

24-9      21*6 

93 

70*2 

6x*o 

153 

115*5 

100*4 

213 

160-8 

>397 

273 

206*0 

179*1 

34 

257  223 

94 

70-9 

61-7 

154 

116-2 

101*0 

214 

161-5 

140*4 

274 

206*8 

179-8 

3j 

26-4    23*0 

95 

71-7 

62*3 

155 

117*0 

101*7 

215 

162*3 

141-1 

275 

207*5 

180-4 

36 

27*2    23*6 

96 

72-5 

63*0 

156 

117-7 

102*3 

216 

163*0 

141-7 

276 

208*3 

181-x 

37 

27-9 

»4-3 

97 

73*» 

636 

157 

118*5 

103*0 

217 

163*8 

142-4 

277 

209-1    181*7! 

38 

28-7 

249 

98 

74*0 

^4' 3 

158 

119*2 

103*7 

218 

164*5 

143-0 

278 

209*8    182*41 

82 

294 

25-0 

99 

747 

64-9 

159 

I20'0 

104*3 

219 

165-3 

143-7 

279 

210*6 

183-0 

40 

30*2 

a6*2 

100 

75-5 

656 

160 

I20-8 

105-0 

220 

i66-o 

144-3 

280 

211*3 

1837 

41 

309 

26-9 

101 

762 

66- 3 

161 

121*5 

105*6 

221 

i66-8 

145-0 

281 

212*1 

184-4 

42 

3>-7 

27*6 

102 

77*0 

669 

162 

122*3 

106*3 

222 

167*5 

145-6 

282 

211-8 

185*0 

43 

3»-5 

2.8*2 

103 

77'7 

67*6 

163 

123*0 

106*9 

223 

168-3 

>46-3 

283 

213-6 

185*7 

44 

33  ■» 

28-9 

104 

78-5 

68-2 

164 

123*8 

107*6 

224 

169*1 

i47"o 

284 

214*3 

i86*3 

45 

340 

295 

105 

79'» 

68  9 

165 

124*5 

108 '2 

225 

169*8 

147*6 

285 

215*1 

187*0 

46 

34  7     30-» 

106 

80*0 

69- 5 

166 

125-3 

io8'9 

226 

170*6 

148*3 

286 

215-8 

187*6 

47 

355    3o« 

107 

80*8 

70-2 

167 

126*0 

109*6 

227 

171*3 

148*9 

287 

216-6 

188-3 

48 

36a 

31-5 

108 

81-5 

70-9 

168 

1268 

110*2 

228 

172*1 

H9-5 

288 

217-4 

1889 

49 

37-0 

32*1 

109 

82'3 

71*5 

169 

127*5 

1 10-9 

229 

172*8 

150*2 

289 

218*1 

189-6 

60 

37-7 

32*8 

110 

83-0 

72*2 

170 

128*3 

111*5 

230 

173-6 

150*9 

290 

2i8'9 

190-3 

51 

38-5 

33*5 

111 

83-8 

728 

171 

129*1 

112*2 

231 

174-3 

151-5 

291 

219*6 

190-0 

62 

39* 

34* « 

112 

845 

73'5 

172 

129-8 

112-8 

232 

I75'i 

152-2 

292 

220*4 

i9i*6 

63 

40*0 

34-8 

113 

853 

74* « 

173 

130-6 

113*5 

233 

175-8 

152*9 

293 

221*1 

192*2 

64 

40-8 

35*4 

114 

86-0 

74-8 

174 

131*3 

114*2 

234 

176*6 

153-5 

294 

221*9 

192*9 

55 

4>-5 

36-1 

115 

86-8 

75'4 

176 

132*1 

114*8 

235 

177-4 

154*2 

295 

222*6 

193-5 

56 

4»'3 

36-7 

116 

87-5 

76-I 

176 

132*8 

115*5 

236 

178*1 

154-8 

296 

223-4 

194-2 

67 

430 

37-4 

117 

88*3 

768 

177    i33*«l 

116*1 

237 

178*9 

155-5 

297 

224*1 

194*8 

58 

43« 

38-1 

118 

89-1 

77'4 

17B 

134-3 

116*8 

238 

179*6 

156*1 

298 

224-9 

195-5 

59 

445 

38-7 

119 

898 

78«i 

179 

1351 

117-4 

239 

i8o*4 

156-8 

299 

225*7 

196*2 

60 

45  3 

39*4 

120 

90*6 

787 

180 

135*8 

ii8'i 

240 

181-1 

157-5 

300 

226*4 

196*8 

Drp..D.Ui 

Dist 

Dep.   D.Lat 

Ditt'  Lep. 

D.La». 

Dist. 

Dep. 

D.Lat 

Dist. 

Dep. 

D.  Lat. 

49 

0                                                                3b  Iftm      1 

480 


TABIs€2 
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42^                                                    2«»  48" 

DwtJD.Uij 

Dep. 

Disf. 

D.  Lnt. 

Dep. 

Dist. 

D.  Lat.j  Dep. 

Dust. 

D.Let. 

Dep. 

but 

D.Lat. 

De|i. 

1 

2 
3 
4 
5 

6 

7 

8 

9 

10 

0*7 
IS 

2*2 

3*o 

3*7 
4"  5 

6*7 
7-4 

o*7 
1*3 

2*0 

2*7 

3*3 
4*0 

4*7 

6*0 
6*7 

61 
0*2 
63 
64 
66 
66 

•7 
68 

69 

70 

453 
46*1 

46*8 

47-6 

483 

490 

49*8 

50*5 

5»-3 

52*0 

40*8 
41-5 

42*2 

42*8 

43*5 
44a 
44« 

46*2 
46-8 

121 
122 
12s 
124 
126 
126 
127 
128 
1*29 
130 

899 
90-7 
91*4 
92*1 
92*9 
93-6 

944 

95- 1 

95*9 
96*6 

81*0 
8i*6 

82*3 
83-0 
83*6 

84*3 
85-0 
85*6 
86-3 
87-0 

161 
1K2 
183 
184 
186 
186 

187 
188 
180 
190 

134*5 

135-3 
136*0 

136-7 

137-5 
138*2 

139-0 

«39'7 
140*5 

141-2 

121*1 

121-8 
122*5 
123*1 
123*8 
124*5 
125*1 
125*8 
ii6*5 
127*1 

241 
242 
243 
244 
246 
246 

247 
248 
249 
260 

179-1 

179-S 
i8o-6 

i8i*3 

182-1 

182*8 

183-6 

184-3 

185*0 

185*8 

161*3 
i6i*9 
162*6 
163-3 
163-9 
164-6 
165*3 
165-9 
166-6 
167*3 

It. 

12 

IS 

U 

16 

16 

17 
18 
19 
SO 

8*2. 

8*9 

9*7 
io*4 

ii*i 

11*9 

12*6 

13*4 
14*1 

14*9 

7*4 
8*0 

8-7 

9*4 
lo-o 

xo*7 

11-4 

I2*0 
12*7 

n-4 

71 
72 
73 

74 
76 
76 

77 
78 
79 
80 

52*8 

53'5 
54-a 
550 

5^*5 
57-a 
58-0 

587 
59*5 

47-5 
48*2 

48*8 

49*  5 
50*2 

50*9 

51-5 
52*2 

52*9 
53*5 

131 
132 
133 
134 
136 
136 

137 
138 
139 
140 

97-4 
98*1 

98-8 

99*6 

100*3 

101*1 

101*8 

102*6 

103*3 

104*0 

87-7 
883 

89*0 

897 

90*3 

91*0 

91-7 

92*3 

93*o 

93'7 

191 
192 
193 
194 
196 
196 

197 
198 
199 
200 

141-9 
142*7 

H3-4 
14^*2 

1449 

H5-7 

146-4 

147-1 

H7-9 
148*6 

127*8 
128*5 
129*1 
129*8 
130-5 
131*1 
131*8 
132-5 
133*2 
133*8 

261 
262 
263 
264 
266 
266 
267 
258 
269 
260 

186*5 
187*3 
188*0 
188-8 
189*5 
190*2 
191-0 
191-7 
192*5 
193*2 

168*0 
i68*6 
169*3 
170*0 
170*6 
171*3 
172*0 
172*6 

173-3 
174-0 

21 
22 
23 
24 
26 
26 

27 
28 
29 
SO 

15-6 
i6*3 

iri 
17*8 
18*6 

«9-3 
20*1 

20-8 

21*6 
22*3 

141 

14-7 

16*1 

i6*7 

17-4 
i8*i 

i8*7 
19*4 
20*1 

81 
82 
83 
84 
86 
86 

87 
88 
89 
90 

60' 2 
60 '9 
61*7 
62*4 
63*2 
639 
64-7 
65*4 
66*  X 
66*9 

54*2 

54*9 

555 
562 

569 

57-5 
58*2 

589 

59*6 

60*2 

141 
142 
143 
144 
146 
146 
147 

148 
149 
150 

104*8 
105*  s 
io6*3 
107*0 
107*8 
108*5 
109*2 

IIO'O 

110*7 
111*5 

943 

95*o 

95'7 
96-4 

97*o 

97'7 
98*4 
99*o 

99*7 
ioo*4 

201 
262 
203 
204 
206 
206 
207 
208 
209 
210 

149-4 
150*1 
150*9 
151*6 
152*3 

153-1 
153*8 
154*6 

«55-3 
156*1 

>34-5 
135*2 

135*8 

136*5 

137*2 

137*8 

138*5 

139*2 

139*8 

140*5 

261 
262 
263 
264 
266 
266 

267 
268 
269 
270 

194-0 

194-7 

195-4 
196-2 

196*9 

'97-7 
198*4 

199*2 

199*9 

200*6 

174-6 

175*3 
176*0 

176*7 

177-3 
178*0 

178-7 

179-3 
i8o-o 

180-7 

31 
32 
S3 
34 

36 
36 

37 
98 
39 
40 

23*0 
23*8 

24*5 
25*3 
26*0 
26*8 
27*5 
28-2 
29*0 
29*7 

20-7 
21*4 

22-1 
22*8 

»3-4 

241 

H-8 

26*1 
268 

91 
92 
93 
94 
95 
96 

97 

98 

99 

100 

676 
68*4 
69*1 
699 

70*6 
71*3 
72*1 
72-8 
73*6 

743 

6o*9 
6i*6 
62*2 
62*9 
63*6 
64*2 
64-9 
65*6 
66*2 
66*9 

161 
162 
163 
154 
156 
166 

167 

168 
169 
160 

112*2 
113*0 
113*7 
114-4 
115-2 
115*9 
ii6*7 
117*4 
118*2 
ii8'9 

lOI'O 

101-7 
102-4 
103*0 
103-7 
104*4 
105*1 
105*7 
106*4 
107*1 

211 
212 
213 
214 
216 
216 

217 
218 

219 
220 

156-8 

157-5 
158*3 
159*0 
159-8 
160*5 
161*3 
162*0 
162*7 
163*5 

141*2 
1419 
142-5 
143-2 

H3'9 

'44-5 
145*2 

H5'9 
146-5 

147*2 

271 
*272 
*273 
274 
276 
276 

277 
278 
279 
280 

201-4 
202*1 
202*9 
203*6 
204-4 
205-1 
205*9 
206-6 
207-3 
208*1 

i8i'3 
182*0 
182*7 

183-3 
184*0 

184*7 
185*3 

i860 
i86*7 

187-4 

4) 
42 
43 
44 

46 
46 

47 
48 
49 
60 

30*5 
31*2 
32*0 
32*7 

33'4 
34-i 
34-9 

364 

37'» 

27*4 
28*1 
28*8 
294 
30*1 
30*8 

31-4 
32*1 

32*8 
33'5 

101 
102 
103 
104 
106 
1U6 

107 
108 
109 
110 

75*' 

76*5 

77*3 
78*0 

78*8 

79*5 
8o*3 

81*0 
81-7 

67*6 
68*3 
68*9 
69*6 
70*3 
70*9 
71*6 
72-3 

7»-9 
73*6 

161 
162 
163 
164 
166 
166 

167 
168 
169 
170 

119-6 
120*4 
121*1 

121*9 

122*6 
123-4 
124*1 
124*8 
125*6 
126-3 

107*7 
108*4 
109*1 
109-7 
1 10-4 
111*1 
iii'7 
112*4 

113*8 

221 
222 
223 
224 
226 
2*26 
227 
228 
229 
230 

164*2 
165*0 
1657 

1665 
167-2 
168*0 

168-7 
169*4 

170*2 
170*9 

147*9 
148*5 

149*2 

149*9 

150*6 

151*2 

151*9 

152*6 

153*2 

'539 

281 
282 
283 
284 
286 
286 
287 
288 
289 
290 

208-8 

209*6 

210-3  < 

211*1 

211*8 

212*5 

213-3 

214*0 

214-8 

215-5 

188-0 

188*7 

189*4 

190-0 

190-7 

191*4 

192-0 

192*7 

193-4 
194-0 

61 
62 
63 
64 
66 
66 

ft7 

68 
69 
60 

37*9 
386 

39*4 
40- 1 

409 

41*6 

41*4 

43'> 

43-8 
44-6 

34*8 

36*1 
36*8 

37*5 
38-1 

388 

39-5 
40*1 

111 
112 
113 
114 
116 
116 

117 

118 

no 
120 

82-5 

83*2 

840 

84*7 

S5-5 
86*2 

86*9 

87-7 
88*4 

89*1 

74*3 
74*9 

76-3 
77*o 
77*6 
78*3 
79*0 
79*6 
8o*3 

171 
172 
173 
174 
176 
176 
177 
17B 

179 

180 

127*1 
127-8 
128*6 
129*3 
130*1 
130*8 
131*5 
132-3 
133*0 
133*8 

114*4 
115*1 
115*8 
116*4 
117*1 
117*8 
118*4 
119*1 
119*8 
120*4 

231 
232 
•233 
234 
235 
236 
*237 
2:i8 
239 
240 

171-7 

172-4 

173-a 

'73-9 
174-6 

175-4 
176*1 

176*9 

177*6 

178-4 

154*6 
155*2 

156-6 
157-2 

1 57-9 
158*6 

159*3 

159-9 
160-6 

291 
292 
293 
294 
296 
296 

297 
298 
299 
300 

2i6*3 
217-0 
217*7 
218*5 
219-2 
220*9 
220-7 
221*5 
222*2 
222*9 

194-7 

>9$-4 
196-1 

196*7 

i9r4 

198-1 
198-7 

«99*4 
200*1 

200*7 

Distj  Dep. 

D.Ut 

D18!. 

Dep. 

D.Ui 

DistJ  Dep. 

1 

D.  Ut 

Dtsr. 

Dpp. 

D.  Ui 

DiaV  Dep.  \D.Ut\ 

4 

8« 

3« 

12«     1 

■*. 
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TRAVERSE  TABLE  TO  DEGREES 

43** 

2*»52" 

DisfJo.Lat  Dep. 

Dist. 

D.  Lat. 

Dep. 

Dist 

D.  Lat. 

Dep. 

Diflt 

D.Ut. 

Dep. 

Dist. 

D.Lat. 

Dep. 

1 

0-7 

0-7 

61 

44-6 

41*6 

121 

88-5 

82*5 

181 

132-4 

123-4 

241 

176-3 

164-4 

2 

>-5 

»'4 

62 

45'3 

42-3 

122 

89*2 

83-2 

182 

133-1 

124- 1 

242 

177*0 

165-0 

3 

Z*2 

2'0 

63 

46-1 

43'o 

123 

90*0 

83*9 

183 

133-8 

124*8 

243 

177-7 

165-7 

4 

2-9 

2-7 

64 

46*8 

436 

124 

90-7 

84-6 

184 

134-6 

125*5 

244 

178-5 

166-4 

6 

V7 

3*4 

65 

47-5 

44-3 

125 

9«-4 

852 

185 

>3S-3 

126*2 

245 

179-2 

167-1 

6 

4*4 

4'" 

66 

48-3 

450 

126 

92*2 

5r? 

186 

136-0 

126-9 

246 

179*9 

167-8 

7 

5» 

4-8 

67 

49-0 

45*7 

127 

92-9 

86-6 

187 

136-8 

127-5 

247 

180 -6 

168-5 

S 

5*9 

5*5 

68 

49*7 

46-4 

128 

93*6 

87-3 

186 

137-5 

128-2 

248 

18 1*4 

169-1 

9 

6S 

6-1 

69 

50-5 

47-1 

129 

94*3 

88-0 

189 

138*2 

128*9 

249 

182-1 

169-8 

19 

7-3 

6-8 

70 

51-2 

47*7 

130 

95-1 

887 

190 

139-0 

129-6 

250 

182-8 

170-5 

11 

3x> 

7-5 

71 

51-9 

48-4 

131 

95-8 

89-3 

191 

«39*7 

130-3 

261 

1836 

171*2 

11 

8S 

8-2 

72 

Si-7 

49' » 

132 

96- s 

90-0 

192 

140-4 

130-9 

262 

184*3 

171-9 

i) 

rs 

8-9 

73 

53-4 

498 

133 

97*3 

90-7 

193 

141-2 

131*6 

253 

185-0 

172-5 

14 

IO*2 

9' 5 

74 

54-1 

50-5 

134 

980 

91-4 

104 

141-9 

132-3 

254 

185-8 

173*2 

U 

ll'O 

10*2 

75 

54*9 

Si-i 

135 

98-7 

92-1 

195 

142*6 

133-0 

255 

i86*5 

173-9 

U 

11*7 

io*9 

76 

55-6 

51-8 

136 

99' 5 

92-8 

196 

"43-3 

133-7 

256 

187-2 

174*6 

17 

12-4 

ir6r 

77 

56-3 

S»"5 

137 

IOO'2 

93*4 

197 

144-1 

134-4 

257 

188-0 

175-3 

1« 

13*2 

12-3 

78 

57-0 

53-2 

138 

ioo'9 

94*  I 

198 

144-8 

135-0 

258 

188-7 

176-0 

19 

13-9 

13-0 

79 

57*8 

53*9 

139 

ioi*7 

94-8 

199 

145-5 

>35-7 

259 

189-4 

176-6 

20 
2t 

i4"6 

13*6 

80 

58-5 

54*6 

140 

102»4 

955 

200 

146*3 

136-4 

2G0 

190*2 

177*3 

'5-4 

>4-3 

81 

59-2 

55-» 

141 

103*1 

96-2 

201 

147-0 

137-1 

261 

190-9 

178-0 

22 

i6-i 

15-0 

82 

60 'O 

55*9 

142 

103-9 

96-8 

202 

147-7 

137-8 

262 

191*6 

178*7 

2S 

i6-8 

15-7 

83 

6o'7 

56*6 

143 

104*6 

97*5 

203 

148*5 

138-4 

263 

192-3 

179-4 

24 

I7< 

i«-4 

64 

6 1*4 

57'3 

144 

105-3 

98-2 

204 

1492 

139-1 

264 

'93*> 

1800 

25 

18-3' 

17-0 

85 

62*2 

58-0 

145 

io6*o 

98-9 

203 

149-9 

139*8 

265 

193-8 

180-7 

26 

19-0  j  17-7 

S6 

62*9 

58-7 

146 

io6-8 

99-6 

206 

150-7 

140-5 

2C6 

194-5 

181-4 

27 

i9"7  1 18-4 

67 

63-6 

59*3 

147 

107-5 

ioo'3 

207 

151-4 

141*2 

267 

'95-3 

182*1 

28 

205 

19- 1 

88 

64-4 

6o*o 

148 

108-2 

ioo*9 

208 

152*1 

141-9 

268 

196-0 

182-8 

29 

21-2 

iri 

89 

65*1 

6o*7 

149 

109-0 

ioi*6 

209 

152*9 

142*5 

269 

196-7 

183-5 

30 

21-9 

20*5 

90 

658 

61*4 

150 

109-7 

102-3 

210 

153-6 

143*2 

270 

197-5 

184*1 

31 

22"7 

2I-I 

91 

66-6 

62*1 

151 

110*4 

103*0 

211 

154-3 

'439 

271 

198-2 

184-8 

32 

23-4 

21-8 

92 

67-3 

62*7 

152 

XlI-2 

103-7 

212 

155-0 

144-6 

272 

198-9 

185-5 

» 

24-1 

22-5 

93 

68 -o 

63-4 

153 

111*9 

104-3 

213 

155-8 

145-3 

273 

199-7 

i86-2 

34 

24-9 

23*2 

94 

68-7 

64*1 

154 

112*6 

105-0 

214 

156-5 

145-9 

274 

200-4 

186-9 

35 

256 

23-9 

95 

69-5 

64-8 

155 

113*4 

105-7 

215 

157-2 

1466 

275 

20I'l 

187-5 

36 

26-3 

24«6 

96 

70*2 

65-5 

156 

114*1 

106*4 

216 

158-0 

H7-3 

270 

201'9 

188-2 

«7 

27-1 

25-2 

97 

70-9 

66-2 

167 

114*8 

107-1 

217 

1587 

148*0 

277 

202-6 

i88*9 

38 

27'8 

25-9 

98 

71*7 

66-8 

158 

115*6 

107-8 

218 

159-4 

148-7 

278 

203*3 

1896 

3» 

285 

26-6 

99 

7*-4 

«7-5 

159 

116-3 

108-4 

219 

160-2 

149-4 

279 

204-0 

190-3 

40 
41 

293 

27-3 
»8*o 

100 

73'i 

68-2 

160 

117*0 

109-1 

220 

i6o*9 

150*0 

280 

204*8 

191*0 

30-0 

101 

73'9 

680 

161 

117-7 

109-8 

221 

i6i'6 

15Q-7 

281 

205-5 

191-6 

42 

30- 7 

28-6 

102 

74-6 

69.-6 

102 

,18-5 

110-5 

222 

162*4 

151-4 

282 

206*2 

192-3 

43 

31-4 

29-3 

103 

75*3 

70*2 

163 

ii9'» 

1II-2 

223 

163-1 

152*1 

283 

207-0 

193*0 

44 

32a 

30*0 

104 

76' 1 

70-9 

164 

119*9 

111*8 

224 

163-8 

152-8 

284 

207-7 

193-7 

43 

329 

30-7 

105 

76-8 

71*6 

165 

120-7 

112*5 

225 

164*6 

'53-4 

285 

208*4 

194-4 

46 

33-6 

31-4 

106 

77'S 

72-3 

166 

iai*4 

113-2 

226 

165-3 

154-1 

286 

209-2 

195*1 

47 

34*4 

32*1 

107 

78*3 

73.0 

167 

122- 1 

113*9 

227 

i66-o 

154*8 

287 

209*9 

195*7 

48 

351 

32-7 

106 

79-0 

73'7 

168 

122-9 

114*6 

228 

166-7 

155-5 

288 

210*6 

196-4 

49 

35-8 

33-4 

169 

79*7 

74*3 

169 

123*6 

"5*3 

229 

167-5 

156*2 

289 

211*4 

197-1 

60 

366 

34-1 

110 
111 

80-4 

•75'o 

170 

i»4-3 

115-9 

230 

i68-2 

1569 

290 

212*1 

197-8 

51 

37*3 

34-8 

81-2 

75'7 

171 

125-1 

ii6-6 

231 

168-9 

157-5 

291 

212*8 

198-5 

62 

38-0 

35*5 

112 

81-9 

76-4 

172 

125-8 

"7-3 

232 

169*7 

158*2 

292 

213*6 

199-1 

53 

38-8 

36-1 

113 

82-6 

77-1 

173 

126-5 

1180 

233 

170*4 

158-9 

293 

214*3 

199-8 

54 

39' 5 

36-8 

114 

83-4 

77-7 

174 

127-3 

ii8*7 

234 

171*1 

159*6 

294 

215-0 

200-5 

55 

402 

37-5 

115 

84*1 

78-4 

175 

128*0 

119-3 

235 

171-9 

160-3 

295 

215-7 

201-2 

56 

41-0 

38-2 

116 

84*8 

79-1 

176 

128-7 

12O'0 

236 

172-6 

161-0 

296 

216-5 

201*9 

57 

41-7 

38-9 

117 

85-6 

79*8 

177 

129-4 

120*7 

237 

173*3 

161-6 

297 

217'* 

202*6 

58 

4**4 

396 

118 

86-3 

80-5 

178 

130-2 

12I*4 

238 

174*1 

162-3 

298 

217*9 

203*2 

59 

43-1 

40*2 

119 

87-0 

8i-2 

179 

130-9 

122-1 

239 

174*8 

163*0 

299 

2i8*7 

203*9 

GO 

439 

40-9 

120 

87-8 

81  8 

180 

131-6 

122*8 

240 

175-5 

163*7 

800 

219-4 

204-6 

Dist 

Dep. 

D.Laf 

Dist 

Dep. 

D.I.ai 

Dist. 

Dep. 

D.Lni. 

Dist. 

Dep. 

D.  Lat. 

Dist. 

Dep. 

D.Lat 

47 

•0 

3hg«i     j 

1  I 
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TABLK  2 


TRAVERSE 

TABLE  TO  DEGREES 

• 

44^ 

2''56»« 

DiBt. 

1 

D.Lat 

0-7 

Dep. 

Dist.jD.Lftt-  Dep. 

i)iAt. 

D.  Lbi. 

Dep. 

DUt 
181 

D.  Lut. 

Dep. 

DisL  D.  Lttt. 

1 

Dep. 

0-7 

61 

43-9 

424 

121 

870 

84-1 

130-2 

125-7 

241 

173-4 

167-4 

2 

1*4 

1*4 

62 

446 

431 

122 

87-8 

847 

182 

130-9 

126-4 

242 

174*1 

168*1 

3 

2*2 

2-1 

63 

45-3 

43-8 

123 

88-5 

854 

183 

131*6 

1271 

243 

174*8 

168-8 

4 

2-9 

2-8 

fM 

46-0 

44' 5 

124 

89-2 

861 

184 

132*4 

1278 

244 

175*5 

169-5  1 

6 

3-6 

3*5 

65 

46-8 

45-2 

125 

899 

86*8 

186 

133*1 

128-5 

245 

1762 

170-2  1 

H 

43 

4-2 

6(; 

47*5 

45-8 

126 

90*6 

87-5 

186 

133*8 

129*2 

246 

177-0 

170-9 

7 

^S 

4? 

67 

48-2 

46-5 

127 

91-4 

88-2 

187 

134*5 

1299 

247 

1777 

171*6 

8 

5-8 

5-6 

68 

489 

47*2 

128 

92*1 

88*9 

188 

'35-2 

130  6 

248 

178-4 

172-3 

9 

<>-5 

6-3 

6!) 

496 

47*9 

129 

92-8 

89*6 

189 

136-0 

131-3 

249 

1791 

173*0 

10 
11 

7*2 

6-9 
7-6 

70 

50-4 

48*6 

130 

93*5 

90*3 

190 

136-7 

132-0 

250 
251 

179-8 

173*7 

7*9 

71 

51-1 

49*3 

131 

942 

910 

191 

137*4 

132*7 

1806 

'74*4 

12 

8-6 

^'l 

72 

518 

50*0 

132 

950 

91*7 

192 

138-1 

133*4 

252 

181-3 

i7S'i 

13 

94 

9'o 

73 

5^-5 

50-7 

133 

957 

924 

193 

138-8 

134*1 

2.-.3 

182*0 

175*7 

14 

lO'I 

97 

74 

53-2 

51-4 

134 

964 

931 

194 

139-6 

134*8 

-254 

182*7 

1764 

16 

IO-8 

io*4 

76 

54-0 

52-1 

135 

971 

93*8 

195 

140-3 

'35*5 

2.'>6 

183*4 

i77'i 

16 

11-5 

11*1 

76 

54*7 

52-8 

136 

97*8 

945 

196 

141-0 

136-2 

256 

184-2 

177-3 

17 

12*2 

II-8 

77 

5$-4 

53-5 

137 

98-5 

95*2 

197 

141*7 

136-8 

257 

184*9 

178-5 

18 

12*9 

12'5 

78 

56-1 

S4-a 

IS8 

99*3 

95*9 

198 

142-4 

137*5 

258 

185-6 

179-2 

19 

J3-7 

13*2 

79 

56-8 

54-9 

139 

lOO'O 

96-6 

199 

'43*1 

138-2 

269 

186-3 

179-9 

20 

144 

13-9 

80 

57-5 

55-6 

140 

ioo'7 

97*3 

200 
201 

H3  9 

138-9 

260 
261 

1870 

i8o-6 

21 

151 

14*6 

81 

5«-3 

56-3 

141 

101*4 

97*9 

144-6 

1396 

1877 

J81-3 

22 

15-8 

15*3 

82 

59-0 

S7-0 

142 

102*I 

98-6 

202 

H5*3 

140-3 

262 

188-5 

182-0 

23 

i6-5 

i6'o 

8:3 

59*7 

57-7 

143 

102-9 

99*3 

203 

146*0 

141*0 

2(»3 

189-2 

182-7 

24 

17-3 

16-7 

84 

60-4 

58-4 

144 

1036 

loo-o 

204 

1467 

141-7 

264 

189-9 

183-4 

25 

i8-o 

17-4 

85 

6i*i 

590 

145 

104-3 

100-7 

205 

U7*5 

142-4 

265 

190*6 

1 84- 1 

26 

i8-7 

181 

86 

6i'9 

59'7 

M6 

105-0 

101*4 

20(i 

148-2 

143- 1 

266 

191-3 

184-8 

27 

>9-4 

i8-8 

87 

62-6 

60-4 

147 

105-7 

102*1 

207 

148-9 

1438 

267 

192-1 

185-5 

28 

20*I 

195 

88 

633 

6i-i 

148 

106-5 

102-8 

208 

149-6 

144*5 

268 

192-8 

x86-2 

29 

20*9 

20'I 

89 

64'o 

6i-8 

149 

107-2 

I03-5 

309 

^503 

145-2 

269 

193*5 

i86*9 

30 
31 

21*6 

20-8 
21'5 

9!) 
91 

64-7 

625 

150 
151 

107-9 

1042 

210 
211 

151-1 

H5*9 

1466 

270 
271 

194-2 

187-6 

22-3 

655 

63-2 

108-6 

1049 

151-8 

194-9 

i88*3 

32 

230 

22 '2 

92 

66-2 

639 

152 

109-3 

105  6 

212 

1525 

147-3 

-J72 

195-7 

i88*9 

33 

237 

22'9 

93 

669 

646 

153 

110-1 

106  3 

213 

153-2 

148-0 

273 

196*4 

189-6 

34 

H'5 

23*6 

94 

67-$ 

65.3 

154 

IIO-8 

107  0 

214 

153-9 

148-7 

•^74 

197*1 

190-3 

35 

25-2 

H'3 

96 

683 

660 

155 

111-5 

107*7 

215 

1547 

149-4 

275 

197*8 

191*0 

36 

250 

25*0 

96 

69*1 

66'7 

166 

112-2 

ic8  4 

216 

155-4 

150-0 

276 

J98-5 

191-7 

37 

266 

2C7 

26-4 

97 

69-8 

67-4 

157 

112*9 

109- 1 

217 

156-1 

150-7 

277 

199-3 

191*4 

38 

273 

98 

70-5 

68-1 

158 

"37 

109-8 

218 

156-8 

151  4 

278 

200-0 

193*1 

39 

281 

27-1 

91) 

71-2 

68-8 

\bU 

114-4 

110-5 

219 

>57-5 

152-1 

279 

200*7 

193-8 

4(» 

28-8 

27-8 

100 

7»-9 

695 

160 

115 1 

nil 

220 

158-3 
1590 

152  8 

280 

201*4 

>94-5 

41 

29*5 

28-5 

101 

72-7 

702 

161 

1158 

111-8 

221 

153*5 

281 

202 -1 

195-2 

42 

30*2 

29*2 

102 

73-4 

709 

162 

116-5 

1125 

222 

159-7 

154-2 

282 

202*9 

195*? 

43 

30-9 

29-9 

103 

74*  I 

71-5 

163 

117-3 

113-2 

223 

1 60 '4 

154*9 

283 

103*6 

196*6 

44 

3'-7 

30-6 

104 

74*8 

72-2 

164 

ii8d 

113  9 

2-24 

i6i-x 

,55-6 

284 

204-3 

«97*3 

45 

32-4 

31-3 

105 

75-5 

729 

165 

1187 

114-6 

225 

i6i'9 

156-3 

285 

205*0 

298*0 

46 

331 

32-0 

106 

7^-3 

73*6 

166 

"94 

"5'3 

226 

162-6 

157-0 

2}iB 

205*7 

198-7 

47 

33-8 

32-6 

107 

77-0 

74*3 

167 

I20'I 

116  0 

227 

163*3 

1577 

287 

206-5 

199*4 

48 

34*5 

33*3 

108 

77*7 

75"o 

168 

120-8 

ii6'7 

228 

164*0 

158-4 

288 

207-2 

AOO-I 

■ 

35** 

34*o 

109 

78-4 

757 

169 

121*6 

117-4 

229 

164*7 

159*1 

289 

207-9 

200-8 

5<) 
51 

36-0 
36*7 

34-7 

110 

79*1 

764 

170 

1223 

118-1 

2:«> 

165-4 

159-8 

290 

2o8-6 

201-5 

35-4 

111 

79-8 

77-1 

171 

123-0 

118-8 

•2S1 

1 66 -2 

160*5 

291 

209-3 

202-1 

52 

37*4 

36*1 

112 

806 

778 

172 

123-7 

1195 

282 

166-9 

l6l-2 

292 

2I0*0 

202*8 

53 

38-1 

368 

113 

8i-3 

78-5 

173 

124-4 

I20-2 

233 

1676 

161-9 

2!I3 

210*8 

203-5 

54 

38  8 

37-5 

114 

82*0 

79*> 

174 

125-2 

120-9 

234 

168*3 

162-6 

*294 

211-5 

204-2 

55 

39-6 

382 

115 

82-7 

79*9 

17.'» 

125*9 

121*6 

235 

169-0 

163-2 

•295     2  12*2 

2049 

56 

40- 3 

389 

116 

83-4 

8o-6 

176 

126-6 

122-3 

236 

169-8 

163-9 

298 

212-9 

2o^-6 

57 

410 

39-6 

117 

842 

8i-3 

177 

127-3 

123  0 

237 

170-5 

164-6 

297 

213-6 

206-3 

58 

41*7 

40-3 

118 

84-9 

82-0 

178 

128  0 

123*6 

238 

171-? 

16^-3 

29H 

214-4 

207  •© 

¥i 

424 

4J'o 

119 

85-^ 

U'l 

179 

12i'-8 

1243 

239 

171-9 

1660 

2<i9 

215*1 

107-7 

60 

43'^ 

41-7 

120 

S6-3 

83-4 

180 

129  5 

1250 

240 

172-6 

i66*7 

3<M» 

Uist. 

215-8 

208-4 

Dwu 

Dep. 

D.Ui 

DisL 

Dtp. 

D.Ut 

Uisl. 

Dep.    U.  Lat. 

DU(. 

Dtip. 

D.  Lat 

Dep. 

D.Lsl. 

46° 

3h  4n,       1 

TABLE  2 
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TRAVERSE  TARTiE  TO  DEGREES 

45° 

8h  Qm 

Dint. 

D.Ut 

Dep. 

Di8t 

D.Lnt. 

Dep. 

Disf. 

D.Lat. 

Dep. 

Dist 

D.Lat 

Dep. 

Dist 

D.  Lat. 

Dep. 

1 

0-7 

o«7 

61 

43-1 

43-» 

121 

85-6 

856 

181 

128-0 

128-0 

241 

170-4 

170*4 

fi 

»*4 

1-4 

62 

43-8 

43-8 

122 

86-3 

86-3 

182 

128-7 

128-7 

242 

171-1 

171*1 

3 

a*  I 

2*1 

63 

44-5 

44-5 

123 

87*0 

87*0 

183 

129*4 

129-4 

243 

171-8 

171-8 

4 

a-8 

2-8 

64 

45*3 

45*3 

124 

877 

87-7 

184 

130-1 

130*1 

244 

172*5 

172-5 

5 

3*5 

3-5 

65 

46-0 

46-0 

125 

88-4 

88-4 

185 

130*8 

130*8 

245 

173*2 

173-2 

6 

4-2 

4'* 

66 

46-7 

46*7 

126 

891 

89- X 

186 

131*5 

131-5 

246 

1739 

173-9 

7 

49 

4*9 

67 

47'4 

47  4 

127 

898 

89-8 

187 

132-2 

1322 

247 

174*7 

174-7 

8 

5-7 

5*7 

68 

48-1 

48-1 

128 

90-5 

90- 5 

188 

I3a'9 

132*9 

248 

175*4 

175-4 

9 

6-4 

6-4 

69 

48-8 

48*8 

129 

91*2 

91*2 

189 

1336 

133*6 

249 

176*1 

1761 

10       7' 

7-1 

70 

495 

49*5 

130 

91-9 

91-9 

190 

134-4 

134-4 

250 

176-8 

176-8 

11 

7-8 

7-8 

71 

^O-Tt 

50*2 

131 

92-6 

92-6 

191 

135*1 

135*1 

251 

177-5 

177-5 

12 

8-5 

8-5 

72 

50-9 

50-9 

132 

93*3 

93*3 

192 

135*8 

135-8 

252 

178-2 

178-2 

13 

9-2 

9-2 

73 

5I-6 

51*6 

133 

94-0 

94*o 

193 

136*5 

136-5 

253 

178*9 

1789 

14 

9"9 

9*9 

74 

5»-3 

52-3 

134 

94-8 

94-8 

194 

137-2 

137-2 

254 

179-6 

179-6 

lb 

io'6 

IO-6 

76 

530 

53*0 

136 

955 

95-5 

196 

137-9 

137-9 

255 

i8o*3 

180-3 

16 

n-3 

11-3 

76 

53*7 

53'7 

136 

9^-2 

96-2 

196 

138-6 

138-6 

256 

181-0 

181*0 

17 

I2*0 

12"0 

77 

54-4 

54*4 

137 

96-9 

96-9 

197 

139*3 

139-3 

257 

181-7 

i8i*7 

18 

12-7 

12*7 

78 

S5-* 

5S-a 

138 

97-6 

976 

198 

140*0 

140*0 

258 

182*4 

182-4 

19 

13-4 

13*4 

79 

^I'f 

^r? 

139 

98-3 

98-3 

199 

140*7 

140-7 

259 

183*1 

183*1 

20 

14- 1 

14- 1 

80 

56*6 

56-6 

140 

99-0 

990 

200 

141-4 

141*4 

260 

183-8 

183*8 

21 

I+-8 

14*8 

81 

57*3 

57*3 

141 

99*7 

99.7 

201 

142*1 

142-1 

261 

184-6 

1846 

22 

15-6 

15-6 

82 

58-0 

58*0 

148 

ioo'4 

ioo'4 

202 

142-8 

142-8 

262 

185-3 

185*3 

23 

16-3 

i6-3 

83 

58-7 

58-7 

143 

lOI'I 

lOI'l 

203 

143*5 

143-5 

263 

i86*o 

186-0 

24 

17-0 

i7"o 

84 

S9-4 

59'4 

144 

loi'S 

101-8 

204 

144-1 

144-2 

264 

186-7 

186-7 

26 

17-7 

17"7 

85 

6o'i 

6o'i 

145 

I02*5 

102-5 

205 

145-0 

145*0 

265 

187*4 

187*4 

26 

]8*4 

i8*4 

86 

6o-8 

6o-g 

146 

103*2 

103-2 

206 

145'7 

145-7 

26G 

188-1 

188-1 

27 

19-1 

19*1 

87 

6i«5 

6i*5 

J  47 

103-9 

103-9 

207 

146-4 

146-4 

267 

188-8 

i88*8 

28 

19*8 

19*8 

88 

62*2 

62'2 

148 

104-7 

104-7 

208 

147*1 

147-1 

268 

189-5 

189*5 

29 

20*5 

20-5 

89 

62*9 

62-9 

149 

105-4 

105-4 

209 

147-8 

147-8 

269 

190-2 

190-2 

80 

21-2. 

21*2 

90 
91 

636 

636 

160 

io6-i 

io6-i 

210 

148*5 

148-5 

270 

190-9 

190-9 

31 

21-9 

21*9 

64-3 

64-3 

151 

106-8 

io6-8 

211 

149-2 

149-2 

271 

191-6 

191-6 

32 

22'6 

22*6 

92 

65-, 

65., 

152 

107-5 

107-5 

212 

149-9 

149-9 

272 

192-3 

192*3 

33 

*3*3 

23-3 

93 

65-8 

65-8 

153 

io8'2 

108 -2 

213 

150-6 

150-6 

273 

193-0 

193-0 

34 

24*0 

24*0 

94 

665 

66- 5 

154 

108-9 

108-9 

214 

151*3 

151-3 

274 

193-7 

193-7 

35 

24*7 

24-7 

95 

67*2 

6r* 

165 

109*6 

109*6 

215 

152-0 

152-0 

276 

194-5 

194-5 

36    as'Si 

*V5 

96 

67-9 

679 

156 

no*  3 

iio*3 

216 

152-7 

152*7 

276 

195*2 

195-2 

37 

26"a 

26-2 

97 

68-6 

68-6 

167 

III-O 

iii-o 

217 

153-4 

153*4 

277 

195*9 

195*9 

38 

26*9 

26*9 

98 

69-3 

69- 3 

158 

111-7 

iii*7 

218 

154-1 

154-1 

278 

196-6 

196-6 

39 

27*6 

27*6 

99 

70*0 

70*0 

159 

XI2'4 

112*4 

219 

154-9 

1549 

279 

197*3 

197-3 

40 

28-3 

28-3 

100 

70-7 

70-7 

160 

ii3'i 

113-1 

220 

155*6 

155-6 

280 

198-0 

198*0 

41 

29*0 

29*0 

101 

71-4 

7»'4 

161 

113-8 

113-8 

221 

156*3 

156*3 

281 

198-7 

198-7 

42 

29.7 

29-7 

102 

72' I 

72- 1 

162 

114-6 

114-6 

222 

157*0 

157*0 

282 

199*4 

199*4 

43 

30-4 

30*4 

103 

72*8 

72-8 

163 

115-3 

115-3 

223 

157*7 

157-7 

283 

200-1 

200-1 

44 

31-1 

31-1 

104 

73'5 

73'5 

164 

ii6*o 

ii6-o 

224 

158-4 

158*4 

284 

200*8  !  20o*8  1 

4& 

31-8 

318 

106 

74-2 

74-2 

165 

116-7 

116-7 

225 

159-1 

159-1 

285 

201'5  ;  201*5  1 

46  1  3a*5 

3*'5 

106 

7S'o 

75-0 

166 

117*4 

117*4 

226 

159*8 

159-8 

286 

202'2 

202-2 

47 

33-2 

33'i 

107 

75'7 

75*7 

167 

iiS^i 

ii8-i 

227 

160-5 

160-5 

287 

202 '9 

202*9 

48 

33*9 

33*9 

108 

76-4 

76-4 

168 

118-8 

118-8 

228 

161-2 

161-2 

288 

203*6 

203-6 

49 

34-6 

34*6 

109 

77-1 

77-1 

169 

119-5 

X19-5 

229 

161-9 

161-9 

289 

204*4 

204*4 

50 

35'4 

35*4 

110 

77-8 

77-8 

170 

I20*2 

120*2 

230 

162-6 

162-6 

290 

205*1 

205*1 

51 

36-, 

361 

111 

785 

78-5 

171 

120*9 

I20'9 

231 

163-3 

163-3 

291 

205-8 

205*8 

52 

368 

36-8 

112 

79-2 

79*2 

172 

I21'6 

I2I-6 

232 

164*0 

164-0 

292 

206-5 

206*5 

63 

37'5 

37*5 

113 

79-9 

79'9 

173 

122*3 

122-3 

233 

164-8 

164-8 

293 

207*2 

207-2 

54 

38*2 

382 

lU 

8o-6 

So- 6 

174 

123*0 

123-0 

234 

165-5 

165-5 

•294 

207-9 

207-9 

55 

38-9 

389 

115 

81-3 

8i-3 

176 

123*7 

123-7 

235 

166*2 

166-2 

295 

2o8'6 

2o8-6 

56 

39-6 

39-6 

116 

82-0 

82-0 

176 

124-5 

124-5 

236 

166-9 

166-9 

296 

209*3 

209*3 

67 

40-3 

40-3 

117 

82-7 

82  7 

177 

125*2 

125-2 

237 

167-6 

167-6 

2»7 

210-0 

210*0 

58 

41*0 

41*0 

118 

83-4 

83-4 

m 

125-9 

125-9 

238 

168-3 

168-3 

298 

210-7 

210*7 

69 

41-7 

41-7 

IID 

84*1 

84*1 

179 

126-6 

126-6 

239 

169-0 

169-0 

2!I9 

211-4 

211*4 

60 

42*4 

42-4 

120 

84-9 

84*9 

IRO 

127-^ 

127-3 

240 

169-7 

169-7 

300 

212*1 

212*1 

D'mL  Dep.  D.Lat 

Dist 

Dep. 

D.Ui 

Oist 

Dep. 

D.  Lat. 

Dist 

Dep. 

D.Ut. 

DistJ  Dep. 

D.Lat 

45° 

3*  0*    J 
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TABLE   3 


DEPARTURE  AND  CORRESPONDING  DIFFERENCE  OF  LONGITUDE                 1 

Lat. 
0° 

Departure 

Parts                 | 

1 

2 

3 

3'oo 

4 

5 

6 

7 

8 

9 

10 

Dtol° 

15'      30' 

45' 

I'OO 

2'00 

4"oo 

yoo 

6*LU 

7'oc 

»oo 

9*oo 

10-00 

004 

o-oi 

0*02 

0*03 

4 

I'OO 

2'0O 

3'oi 

4*01 

S'OI 

6*oi 

7*02 

802 

9*02 

10-02 

0-08 

0-02 

0*04 

o-o6 

6 

I'Ol 

2*01 

3*02 

4'02 

5-03 

S'OT. 

7*04 

8-04 

9*05 

10-06 

012 

0*03 

0*06 

0-09 

8 

I'Ol 

2'02 

3*03 

4-04 

5-05 

6-06 

7-07 

8-o8 

9*09 

10-10 

014 

0-03 

0*07 

O'lO 

10 

1*02  '  2*03 

3-05 

4*06 

S'o8 

6-09 

7-11 

811 

9*14 

10*  15 

0*16 

0-04 

o*o8 

0-12 

12 

I*02  ,  2*04 

3-07 

4-09 

5-11 

6*13 

7-i6 

8*i8 

9*20 

10-22 

018 

0*04 

o-c8 

0-13 

14 

1-03  •  2*c6 

3-09 

4-12 

5->5 

6-18 

7*21 

8-24 

9-28 
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14*7 

23 

112-0 

10*6 

112*5 

11-4 

1x3-0 

12-2 

113-6 

13-0 

114*2 

13*8 

114-9 

14-6 

1 1 5-6 

"5!^ 

21 

112-8 

11*1 

"3*3 

11-9 

113-9 

12-8 

114*5 

13-6 

115-1 

14*5 

115-8 

15-3 

XX6-5 

x6^& 

25 

113-7 

11-6 

114-2 

12-5 

114-8 

13-4 

115*4 

14-3 

ii6-o 

'5*i 

X16-7 

161 

1x7-4 

X7-0 

26 

114*6 

12-2 

115-2 

13  1 

II5-7 

14*0 

116-3 

14-9 

117-0 

15-8 

117*7 

X7-0 

X18-4 

i7'7 

27 

115-7 

12-7 

116*2 

13-6 

116*8 

14-6 

117-4 

15*6 

118-0 

x6-6 

118*8 

17-5 

119*4 

18*J 

28 

116-7 

13-3 

117-3 

14-2 

117*8 

15-2 

1184 

i6*3 

119-1 

17*3 

1x9-8 

x8-3 

X20"5 

^rr 

29 

117-8 

13-8 

118-4 

14*8 

ii8*9 

15-9 

119-6 

16-9 

120*2 

i8-o 

X20*9 

19*1 

121-7 

ao*2 

30 

119-0 

14-4 

119-5 

15*5 

120-I 

16*6 

120-7 

17-6 

121-4 

18-8 

X22-X 

19*9 

122»9 

2X'0 

31 

120-2 

15-0 

120-8 

16- 1 

121-4 

17-2 

122-0 

18*4 

122-7 

19-5 

123*4 

20*7 

124-1 

2I«9 

32 

121*5 

15-6 

122-1 

16-7 

122*7 

— 

123*3 

19-1 

124-0 

20-3 

124*7 

21-5 

125*5 

22*7 
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15° 
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ir 
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20° 

o 

M 

N 

M 

N 

M 

N 

M 

N 

M 

^ 

N 

M 

N 

M    1    N 

33 

121*9 

i6-2 

123-4 

17-4 

124-0 

18-6 

124-7 

19-9 

125-4 

21*1 

ia6*i 

22-4. 

126*9 

23-6 

34 

114-3 

16-8 

124-9 

18*1 

125-5 

19*3 

126*1 

20*6 

126*8 

21*9 

127*6 

23-2 

128-4 

24-6 

35 

125*8 

17*5 

126*4 

18-8 

127*0 

20*1 

127*7 

21-4 

178*4 

22-7 

129-J 

M'J 

129-9 

15-5 

3r> 

127-4 

i8-i 

128*0 

19-5 

128*6 

20-8 

129-2 

22-2 

130*0 

23*6 

130*7 

25*0 

131*5 

26-4 

37 

129*0 

18-S 

129*6 

20-2 

130-3 

21*6 

130-9 

23*0 

131-7 

24*5 

132*4 

25-9 

I33*i 

27*4 

»« 

130-8 

'9' 5 

X3«*4 

20*9 

131*0 

22*4 

132-7 

*3'9 

133*4 

25-4 

134*2 

26*9 

135-0 

28-4 

%) 

132*6 

20-2 

133*2 

21*7 

133-9 

23*2 

134-6 

248 

135*3 

26*3 

136-1 

27-9 

136-9 

29-5 

40 

»34'5 

20*9 

'35*? 

22*5 

135*8 

24-1 

136*5 

25-6 

137*3 

27-3 

138-1 

28*9 

138*9 

30-5 

41 

136*5 

21*7 

137-2 

13*3 

137*8 

24-9 

138*6 

26*6 

1393 

28*2 

140*1 

299 

141*0 

31*6 

42 

138-7 

22-4 

139-3 

24*1 

140*0 

25*8 

140*7 

*7*5 

141*5 

29-3 

142*3 

31*0 

143-2 

32*8 

43 

140-9 

23-2 

141*6 

25*0 

142*2 

26-7 

143-0 

28-5 

143*8 

30*3 

144*6 

32*1 

145*5 

33*9 

44 

'43-3 

24-1 

143*9 

i5-9 

144*6 

27-7 

145*4 

29*5 

146*2 

31*4 

147*0 

33*2 

147*9 

35*1 

45 

»45*7 

»4*9 

146-4 

26*8 

147-1 

28*7 

147-9 

30*6 

148*7 

32-5 

149*6 

34-4 

150*5 

36*4 

46 

148*4 

25*8 

1490 

27*7 

149-8 

29-7 

150-5 

31-7 

151-4 

33-6 

152-2 

35*7 

153** 

37-7 

47 

151*1 

26-7 

151*8 

28-7 

152-5 

30*7 

153*3 

32-8 

154-2 

34*8 

155*1 

36*9 

156*0 

39-0 

48 

154*0 

27-7 

154-7 

29*8 

155-5 

31-8 

156*3 

34-0 

157*1 

36*1 

1581 

38-2 

159*0 

40-4 

49 

157-1 

28-7 

157-8 

30*8 

158*6 

33-0 

159*4 

35-2 

i6o*3 

37*4 

161*2 

39*6 

162*2 

41-9 

50 
51 

160-3 

29-7 

161*1 

3»-9 

i6i*8 

34*2 

162-7 

36-4 

163*6 

38*7 

164*5 

41-1 

165*6 

43*4 

163-8 

30-8 

164*5 

33*1 

165*3 

35*4 

166*2 

37*8 

167*1 

40-1 

168*1 

4»*5 

169*1 

44*9 

52 

167-4 

31*9 

i68*2 

34-3 

169*0 

36*7 

169*8 

39*1 

170*8 

41*6 

171-8 

44-1 

172-8 

46*6 

53 

171-2 

33*1 

172-0 

35*6 

172*9 

38-0 

173-8 

40*6 

174-7 

43-1 

175-7 

45*7 

176-8 

48*3 

54 

»75'3 

34-3 

176*1 

30*9 

177*0. 

39-5 

177*9 

42*1 

178-9 

44*7 

179*9 

47*4 

i8i-o 

50*1 

55 

179-7 

35-6 

180*5 

38-3 

i8i'4 

40*9 

182*3 

43'7 

183*3 

46*4 

184-4 

49*2 

185*5 

52-0 

56 

184-3 

37-0 

185-1 

39*7 

i86-o 

4*- 5 

187-0 

'45*3 

188*0 

48-2 

189-1 

51-0 

190*3 

54-0 

57 

189-2 

38-4 

190*1 

41-3 

191-0 

44*2 

192-0 

47*1 

193-1 

50*0 

194*2 

53-0 

195-4 

56*0 

58 

»94*5 

39*9 

^95-3 

42-9 

196*3 

45'9 

197-3 

43*9 

198*4 

52-0 

199-6 

55*1 

200-8 

58*2 

59 

200*I 

41*5 

201 -0 

44*6 

202*0 

47-7 

203*0 

50-9 

204*2 

54-1 

205*3 

57-3 

2o6'6 

6o*6 

60 

2o6-i 

43*2 

207-1 

464 

208*I 

49*7 

209*1 

53-0 

210*3 

56-3 

211*5 

59*6 

212*8 

63*0 

61 

212*6 

45-0 

213-5 

48*3 

214-6 

51-7 

215-7 

55-* 

216*9 

58*6 

218*2 

62-1 

219-5 

65*7 

62 

219-5 

46-9 

220-5 

50*4 

221*6 

53*9 

222*7 

$7-5 

224*0 

61-T 

225-3 

64*8 

226-7 

68*4 

(» 

227-0 

48-9 

228*0 

52-6 

229*1 

563 

230*3 

60*0 

231-6 

63-8 

233*0 

67*6 

a34-4 

71-4 

64 

235-1 

51-1 

236*2 

54*9 

237-3 

58*8 

238-5 

62-7 

239-9 

66*6 

241*3 

70*6 

242*8 

74*6 

65 

»43'9 

53'5 

245-0 

57*5 

246*2 

61-5 

247-4 

65-6 

248*8 

69-7 

250*3 

73-8 

251*8 

78-1 

66 

*53*4 

56-0 

254*5 

6o*2 

255*8 

64*4 

257-1 

68-7 

258-5 

73*^ 

260-0 

77*3 

261*6 

81*7 

67 

2638 

58-7 

265-0 

63-2 

266-2 

67*5 

267-6 

72*0 

269-1 

76-5 

270*7 

81-] 

272*4 

85*7 

68 

275*1 

61-7 

276-4 

66*3 

277-7 

71-0 

279-1 

75'7 

280*7 

80*4 

282*3 

85-2 

284*1 

90*1 

69 

287-6 

64*9 

288-9 

69-8 

290-3 

74-7 

291*8 

79*6 

293*4 

84*6 

295-1 

89*7 

296-9 

94-8 

70 
71 

301-3 

68-5 

302-7 

73-6 

304-2 

78*8 

305-7 

84-0 

307*4 

89-3 

309*2 

94-6 

311-1 

100-c 

316-6 

72-4 

318*0 

77-8 

319-5 

83-3 

321-2 

88-8 

323-0 

94-4 

324*9 

lOO'O 

326*9 

105*7 

7i 

335-5 

76*7 

335-0 

82-5 

336*7 

88-3 

338-4 

94*1 

340-3 

100*0 

34**3 

io6'o 

344*4 

I12*0 

73 

3536*5 

81-5 

354-1 

87-6 

355*8 

93*8 

357*7 

100*0 

359*6 

106-3 

361*7 

112*6 

364-0 

119*0 

74 

373*9 

86-9 

375*6 

93'4 

377-4 

100*0 

379-4 

106-6 

381*5 

113-3 

383*7 

120*1 

386*1 

120*9 

75 

398-2 

93-0 

400-0 

ICO'O 

401-9 

107*0 

404*0 

114*1 

406-3 

121-3 

408*6 

128-5 

411*2 

135-8 

76 

426-0 

lOO'O 

427*9 

107-5 

430-0 

115*1 

432-2 

122*6 

434-6 

130*3 

437-* 

138*1 

439*9 

146*0 

77 

458*i 

io8-o 

460*2 

116-1 

462-5 

124*2 

464*8 

132*4 

467-4 

140-7 

471-2 

149*1 

473-1 

157-7 

78 

495*7 

117*3 

497*9 

127-6 

500*4 

134-9 

502*8 

143-8 

505-7 

152-9 

508*7 

162*0 

511*8 

171-2 

7» 

540-1 

118-3 

542-6 

137*8 

548-2 

147-5 

548*0 

157-3 

551-1 

167-2 

554*3 

177*1 

557*7 

187-2 

80 

593*5 

141*1 

596-2 

152-0 

599*1 

162-6 

602 '2 

173*4 

605*5 

184-3 

609-1 

195-3 

612*8 

206-4 
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23 

1° 

24° 

2c 

►° 

20° 

27^        1 

o 

M 

N 

M 

N 

M 

N 

M 

N 

M 

N 

M 

N 

M 

N 

91 

114-7 

i4»7 

22 

115-5 

15-5 

116*3 

16-3 

23 

116-4 

i6'3 

117*2 

17-1 

ii8'o 

18*0 

24 

117-2 

17  1 

118-1 

18*0 

1189 

18-9 

119*8 

19*8 

25 

ii8-a 

17*9 

119*0 

18*8 

119*9 

19-8 

120*8 

20-8 

121*7 

21-7 

26 

ii9*a 

18*7 

120'0 

19*7 

120-9 

20-7 

121*8 

21*7 

122*8 

22*8 

123-8 

23*8 

27 

120-2 

19*6 

I2I-0 

20-6 

121*9 

21*6 

122*8 

22-7 

123*8 

23-8 

124*9 

24*8 

126*0 

26-0 

28 

121*3 

20'4 

122*1 

21*5 

123*0 

22*6 

124*0 

1 

23*7 

125*0 

24*8 

126*0 

25*9 

127*1     27-iJ 

490 
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22° 

23° 

24° 

26° 

26° 
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o 

M 

N 

M 

N 

M 

N 

M        N 

M 

N 

M 

N 

M 

N 

29 

122*5 

21-3 

123-3 

22*4 

124*2 

23-5 

125-2 

24-7 

126-2 

25*8 

127-2 

27-0 

128-3 

28-2 

30 

123*2 

22-2 

124-5 

23-3 

125-4 

24-5 

126-4 

25-7 

127-4 

26-9 

128*2 

28-2 

129-6 

29-4 

31 

I25'0 

23-1 

125-8 

a4*3 

126*7 

15*5 

127-7 

26-7 

128-7 

28-0 

129-8 

29*3 

130-9 

30-6 

32 

126*3 

24-0 

127*2 

25-2 

128-1 

26-5 

129*1 

27-8 

130-1 

29-1 

131-2 

30-5 

132-3 

31-8 

33 

127-7 

24-9 

128-6 

26-2 

129-5 

27-6 

130-5 

28-9 

131-6 

30-3 

132-7 

3i'7 

133*8 

331 

34 

129*2 

25-9 

130-1 

27*2 

131-0 

28-6 

132-0 

30-0 

133-1 

31-4 

134-2 

32-9 

135*4 

34*4 

3d 

130-8 

26'9 

131-7 

a8*3 

132-6 

29-7 

133-6 

31-2 

134*7 

32-6 

135-8 

34*1 

137-0 

35-7 

36 

132-4 

27-9 

133-3 

29-4 

134-3 

30-8 

135-3 

32-3 

136-4 

33*9 

137-5 

35*4 

138-7 

37-0 

37 

134-1 

28-9 

135*0 

30-4 

136-0 

32*0 

137-1 

33-5 

138-2 

35-> 

139*3 

36*7 

140-5 

38-4 

38 

135-9 

30-0 

136-9 

31-6 

137-9 

33*2 

138-9 

34-8 

140-0 

36-4 

141*2 

38-1 

142-4 

39*8 

39 

137-8 

31-1 

138-8 

32-7 

i39'5 

34*4 

140-9 

36-0 

142-0 

37-8 

143-2 

39*5 

144*4 

41-2 

40 

139-8 

32-2 

140-8 

33-9 

141-8 

35-6 

142-9 

37-4 

144-0 

39*1 

145-2 

40-9 

146-5 

42-8 

41 

141-9 

33-4 

142-9 

35*' 

H3-9 

36-9 

145-0 

38-7 

146-2 

40- 5 

H7*4 

42*4 

148-7 

44*3 

42 

144-1 

34-6 

145-1 

36-4 

146-2 

38-2 

147*3 

40-1 

148-5 

42-0 

149-7 

43*9 

151-0 

45-9 

43 

146-5 

35*8 

147-5 

37*7 

148-5 

396 

149-7 

41*5 

150-9 

43-5 

152-1 

45-5 

153-5 

47-5 

44 

H8'9 

37*1 

149-9 

39-0 

151-0 

41-0 

152-2 

43-0 

153*4 

45-0 

154*7 

47*1 

156-0 

49*2 

45 

151-5 

38-4 

152-5 

40-4 

153-6 

42-4 

154-8 

44*5 

156-0 

46*6 

157-3 

48-8 

158-7 

50-4 

4G 

154-2 

39-7 

155-3 

41-8 

156-4 

44-0 

157-6 

46*1 

158-8 

48-3 

l6o'2 

50*5 

i6i-6 

52-S 

47 

157M 

41-2 

158-1 

43'3 

»59-3 

45'5 

160-5 

47-8 

i6i-8 

5o*c 

163-1 

523 

164-6 

54-6 

4R 

i6o-i 

42-6 

161-2 

44*9 

162-3 

47-1 

163-6 

49*4 

164-9 

51-8 

166-3 

54-2 

167-7 

56-6 

49 

163-3 

44-» 

164-4 

46-5 

165-6 

48-8 

166-8 

51-2 

168-2 

53*6 

169-6 

56-1 

171-1 

58-6 

50 

i66-6 

45-7 

167-8 

48-1 

169-0 

50-6 

170-3 

53-1 

171-6 

55-6 

173-1 

581 

174-6 

60-7 

51 

170-2 

47-4 

171-4 

49*9 

172-7 

52*4 

'73*9 

55-0 

"75*3 

57-6 

176*8 

60-2 

178-3 

62-9 

52 

174-0 

49-1 

175-2 

51*7 

176-4 

54*3 

177*8 

57-0 

179-2 

59*7 

180-7 

62-4 

182-3 

65-2 

53 

178-0 

50-9 

179-2 

53-6 

180-5 

56-3 

181-9 

59- ^ 

183-3 

61-9 

184-9 

64*7 

i86*5 

67-6 

54 

182-2 

528 

i8i*o 

55-6 

184-8 

58-4 

186-2 

61-3 

187-7 

64-2 

189-3 

67-1 

190-9 

70- 1 

55 

186-7 

54-8 

57-7 

189-4 

60-6 

190-8- 

63-6 

192-4 

66-6 

194-0 

69-7 

195*7 

72-8 

56 

191-6 

56-9 

192-9 

59'9 

»94-3 

62-9 

195*7 

66-0 

197-3 

69-1 

199-0 

72-3 

200-7 

75*5 

57 

196-7 

59-1 

198-0 

62*2 

199-5 

654 

201-0 

68-6 

202-6 

71-8 

204*3 

75-1 

2o6-i 

78-5 

58 

202-1 

61-4 

203*5 

64-7 

205-0 

67-9 

206*6 

71-2 

208-2 

74*6 

210-0 

78-c 

211-8 

81-5 

59 

208»0 

63*9 

209-4 

67-2 

210-9 

70-6 

212-5 

74-1 

214-2 

77-6 

216-0 

81-2 

217-9 

84-8 

60 
61 

214-2 

66-5 

215-7 

70-0 

217-3 

73-5 

218-9 

77*1 

220-7 

80*8 

222-5 

84-5 

224-5 

88-2 

220«9 

69-2 

222-5 

72-9 

124-1 

766 

225-8 

80-3 

227-6 

84-1 

229-5 

88-0 

231-5 

9'*9 

62 

228-2 

72-2 

229-7 

76-0 

231-4 

79*8 

233-2 

83-7 

235*0 

87-7 

237-0 

91-7 

239-1 

9^8 

03 

135-9 

75*3 

237-6 

79-3 

»39-3 

83-3 

241-1 

87*4 

243*0 

91-5 

245-1 

95-7 

247-2 

ICC'O 

61 

244-3 

78-7 

246*0 

82-8 

247-8 

870 

249-7 

91-3 

251-7 

95*6 

253*8 

lOC'O 

256-0 

104-5 

65 

153-5 

82-3 

255-2 

86-6 

257-1 

91-0 

259-0 

95*5 

261-1 

100*0 

263-3 

104-6 

265-6 

1093 

66 

263-4 

86*2 

265*2 

90-7 

267-1 

95*3 

269-1 

lOO'O 

271-3 

104-7 

273*5 

109-5 

275-9 

1144 

67 

274-1 

90-4 

276-0 

95*2 

278-0 

100*0 

2S0-1 

104-9 

282-4 

109-9 

284-7 

114-9 

287-2 

120-0 

68 

285-9 

95-0 

287-9 

100-0 

290-0 

105-1 

292-2 

I10-2 

294*5 

1154 

297-0 

120-7 

299-6 

1261 

69 

298-9 

100-0 

301-0 

105-3 

303-1 
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4C9*c 

79 

6398 

360-2 

647-8 

373*8 

656-2 

387*7 

665*1 

401-9 

674-4 

416*6 

684-1 

431-7 

694*4 

4^7*- 

80 

703-0 

397*1 

7II-8 

412*1 

721*1 

427-4 

730*8 

4431 

741*0 

459*31 

751*8 

475*9 

763-0 

Wi'c 

42° 

43° 

44° 

45° 

46°        1 

47^ 

48°      1 

o 

M 

N 

M 

N 

M 

N 

M 

N 

M 

N 

M        N 

M 

y 

42 

i8x-i 

81*1 

43 

184*0 

84-0 

187-0 

87-0 

44 

187-1 

86*9 

190-1 

90*0 

193*3 

93*3 

45 

190-3 

90-0 

»93*4 

93*3 

196*6 

96-6 

200*0 

100*0 

46 

193-7 

93.2 

196-8 

96-6 

200-1 

loo-o 

203-6 

103*5 

207*2 

107*2 

47 

197*3 

96-6 

200-5 

loo-o 

203*8 

103-6 

207-4 

107-2 

211*1 

iii-o 

215*0 

115*0 

48 

201- 1 

100-0 

204-3 

103*6 

207-8 

107-3 

211*3 

111*1 

215*1 

115*0 

219*1 

119*1 

"3*3 

123*3 

49 

205*1 

103-6 

208-4 

107*3 

211*9 

Ill-I 

215-6 

115*0 

219-4 

X19-1 

223-5 

123*4 

227-8 

I2-*S 

50 

209-3 

107-3 

212-7 

1 1 1*1 

216-3 

115-1 

220-0 

119-2 

224*0 

123-4 

228*2 

127-8 

232-5 

I3I4 

51 

213-8 

III-2 

217-3 

115-2 

220-9 

"9*3 

224-7 

123-5 

228-7 

127-9 

233-0 

132-4 

237*5  1371 

52 

218-6 

II5-2 

222-1 

119-4 

225-8 

123-6 

229*7 

128*0 

233*8 

132*5 

238*2 

137-3 

242*7  mi'i 

53 

223-6 

119-5 

227-2 

123-7 

231*0 

128-2 

235*0 

132-7 

239*2 

137*4 

243*6 

141-3 

a4«-3  |i4r4 

54 

228-9 

123-9 

232*6 

128*3 

236-5 

132-9 

240*6 

137*6 

244*9 

142-5 

249*5 

147-6 

254*3  \j$vs 

55 

2346 

128-6 

238-4 

133*2 

242-4 

'37*9 

246*6 

142-8 

251-0 

147*9 

255-6 

153-1 

260*6  15H 

56 

240*6 

133*5 

244-5 

138*2 

248*6 

143-2 

252-9 

148-3 

457*4 

153*5 

262*2 

159*0 

267-3  164*7 

57 

247*7  138-61 

251-0 

143*6 

255-2 

148-7 

259*7 

154*0 

264-3 

159*5 

269*2 

165*1 

274-4  17»*« 

58 

a53*9 

144*1 

258-0 

149-2 

262*3 

154*5 

266*9 

160*0 

271*7 

165*7 

276-7 

171*6 

282*0  i7''-7 

59 

261-3 

149-9 

265-5 

155*2 

269-9 

160-7 

274-6 

166-4 

279*5 

171*3 

284*7 

178-5 

290*2  iS4-S 

60 

269*1 

156*0 

273-5 

i6i*5 

278*0 

167-3 

282*8 

173-2 

287-9 

179*4 

293*3 

185*7, 

298*9 

191-4 

61 

277*6 

162-4 

282*0 

i68*2 

286*7  174-2I  291-7 

180-4 

296-9 

i86-8j  302-4 

193*5 

308-3 

20C*4 

J 
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42» 

43° 

44° 

46° 

46° 

47^ 

48°        1 

o 

M 

N 

M 

N 

M 

N 

M 

N 

M 

N 

M 

N 

M 

N 

62 

2S6-6 

169*3 

291*2 

>75*4 

296*1 

181*6 

301*2 

1881 

306-6 

194*8 

312-3 

201*7 

318-3 

208-9 

63 

296-4 

176*7 

301*2 

183*0 

306-2 

189-5 

311*5 

196*3 

317*1 

203*2 

323-0 

210-5 

329-2 

aiS'o 

64 

307*0 

184-6 

311*9 

191*2 

317*3 

198*0 

322*6 

205*0 

328*4 

212-3 

334*5 

219*9 

340-9 

227*7 

65 

318-4 

193-1 

3»3*5 

200*0 

328-9 

207*1 

334*6 

214*4 

340-6 

222*1 

347*0 

230*0 

353*^ 

238-2 

66 

330-8 

202-2 

336-a 

209-4 

341-8 

216*9 

347*7 

224*6 

353*9 

232*6 

360*5 

240*9 

367*4 

249*5 

67 

344*4 

212-1 

349  9 

219*7 

355-8 

227*5 

361-9 

235*6 

368*4 

2440 

375*3 

252*6 

382-5 

261*7 

68 

3S9"» 

222*9 

365-1 

230*8 

371-1 

239-0 

377*5 

a47*5 

384*3 

256*3 

391*4 

265-4 

3989 

274*9 

69 

375'S 

2346 

381*5 

242*9 

387*9 

251*6 

394*6 

260*5 

401-7 

269*8 

409*2 

279*4 

417*0 

289*3 

70 

393"4 

247*4 

399*8 

256-2 

406*5 

265-3 

413*5 

474*7 

420-9 

284*5 

428*7 

294;6 

437*0 

305-1 

71 

4"3-3 

261-5 

420*0 

270-8 

427*0 

280*5 

434*4 

290-4 

442*2 

300*7 

450*4 

311*4 

459*0 

322*6 

72 

435*5 

277-1 

442-5 

287*0 

449*9 

297*2 

457*6 

307*8 

465*9 

318-7 

474*5 

330*0 

483*6 

341*8 

73 

460-2 

*94*5 

467*7 

305*0 

475*5 

3'5*9 

483*7 

327*1 

492*4 

338-7 

501*5 

350-8 

511*2 

363*3 

74 

488-2 

314-0 

496*1 

325*2 

504*3 

336-8 

513*1 

348*7 

522-3 

361-1 

532*0 

374-0 

542*2 

387*3 

76 

519*9 

336-2 

528-3 

3480 

537*1 

360-4 

546*4 

373*» 

556*2 

386-5 

566*5 

400*2 

577*4 

414*5 

76 

556-2 

361*1 

565*2 

374*o 

574*6 

387-3 

584-6 

401*1 

595*0 

415*3 

606-1 

430-1 

617*7 

445*5 

77 

598-2 

390*0 

607-8 

403*9 

618*0 

418-3 

628*7 

433*2 

639*9 

448*5 

651*8 

464*5 

664*4 

481*1 

78 

647-2 

4*3*6 

657*6 

438-7 

668-6 

453*4 

68o'2 

470-5 

692*4 

487-4 

705-2 

504*5 

718-8 

522-5 

79 

705-2 

463-2    716*6 

479*7 

728*6 

496*8 

741*2 

514*5 

754*4 

53»*7 

768*5 

551*7 

783-2 

571*4 

80 

774*9 

510*6    787*4 

528-9 

800*6 

547*7 

814-4 

567*1 

829*0 

587*3 

844*4 

608*2 

86o'6 

629-9 

o 

4SP 

60° 

61°    J         62° 

A8° 

64° 

66°        1 

M 

N 

M 

N 

M 

N        M 

N 

M 

N 

M 

N 

M 

N 

49 

232-3 

132-3 

50 

257-1 

137*1 

242*0 

142*0 

51 

242*2 

142-1 

247*2 

147*2 

»5a*5 

152*5 

52 

247-6 

147-2 

252*7 

>5»*5 

258-1 

158*1 

263*8 

163*8 

53 

»53"3 

152*7 

258-5 

158*2 

264-0 

163-9 

269-9 

169*9 

276*1 

176-1 

54 

aS9'3 

158*3 

264-7 

164-0 

270-3 

170-0 

276*3 

176-2 

282*7 

182-7 

289*4 

189-4 

55 

265-7 

164-3 

271-2 

170*2 

277-0 

176-4 

283*2 

182*8 

289*7 

189*5 

296*6 

196*6 

304*0 

204*0 

56 

272-6 

170-5 

278-2 

176*7 

284*2 

183*1 

290*5 

189*8 

297-2 

196-7 

304*2 

204*1 

311*8 

211*7 

57 

»79*9 

177-1 

285-6 

183-5 

291-8 

190-2 

298*2 

197*1 

305*1 

204*3 

312*4 

211*9 

320*1 

219*9 

58 

287*6 

184-1 

293-6 

190*7 

2999 

197-6 

306-5 

204' 8 

313-6 

212-4 

321*0 

220*3 

-29*0 

228*5 

59 

296-0 

1915 

302*1 

198-3 

308-5 

205*5 

315*4 

213*0 

322-6 

220*9 

330-3 

229*1 

338*5 

237.7 

60 

304-9 

199*2 

311*1 

206-4 

317-8 

213*9 

314*9 

221*7 

332*3 

229*9 

340*3 

238*4 

348-7 

247*4 

61 

3H-4 

207-5 

320-9 

215-0 

327-8 

222*8 

3350 

230-9 

342-7 

239*4 

350*9 

248*3 

359*6 

257*6 

62 

324-7 

216*4 

331*4 

224*1 

338-5 

232*3 

346*0 

240-7 

353*9 

249*6 

362*4 

258*9 

371*3 

268*6 

63 

335*7 

225*8 

34i*7 

233*9 

350*0 

242*4 

357*8 

251*2 

366-0 

260*4 

374*7 

270-1 

384*0 

280-3 

64 

347*7 

»35*9 

354*9 

244*3 

362*5 

253-2 

370-5 

262*4 

379*1 

272*1 

388*1 

282*2 

397*7 

292*8 

65 

360-7 

246*7 

368*1 

255*6 

376*0 

264-8 

384*3 

i74*5 

393-2 

284*6 

402-6 

295*2 

412*5 

306-3 

66 

374-8 

258-4 

382*5 

267-7 

390*6 

277-4 

399*3 

287*5 

408*5 

298-1 

418*3 

309*1 

418*9 

320*8 

67 

390- 1 

271-0 

398*2 

280*8 

406*6 

290*9 

415*7 

301*5 

415*3 

312-6 

435*4 

324*3 

446-2 

336-4 

68 

406*9 

284-7 

4i5*3 

295*0 

424-1 

305-6 

433*6 

316-8 

443*6 

328-5 

454*2 

340-7 

465*4 

353*5 

09 

425*3 

299*7 

434*1 

310*5 

443*3 

3*»*7 

453*» 

333*4 

463*7 

345*7 

474*7 

358*6 

486*5 

372-0 

70 
71 

445*7 

316-1 

454*9 

327*2 

464*6 

339*3 

474*9 

351-7 

485*8 

364-6 

497*4 

378*2 

509*8 

392*4 

468*2 

334* « 

477*8 

346*1 

488*1 

358*6 

498-9 

371*7 

510*4 

385-4 

522*6 

399*7 

535*5 

414*8 

72 

493*3 

354*o 

503*4 

366*8 

5142 

380*1 

525-6 

393*9 

537*7 

408*4 

550*6 

423*6 

564*2 

439*5 

73 

521-3 

376*3 

532-1 

389-8 

543*5 

403*9 

555*5 

418-6 

568*3 

434*1 

581*9 

450-2 

596*3 

467*1 

74 

553-0 

401*2 

564*4 

415-6 

576*5 

430*7 

589*3 

446-4 

602*8 

462*8 

617*2 

480-0 

632*5 

498*0 

75 

588-9 

429*3 

6oi'i 

444*8 

613*9 

460*9 

627-6 

477*7 

642*0 

495*3 

657*3 

513*7 

673*6 

533*0 

76 

630*1 

461-4 

643*1 

478*0 

656-8 

495*3 

671-4 

513*4 

686*8 

53**3 

703-2 

552*0 

720-7 

572-8 

77 

677*6 

498*3 

691*6 

516-2 

706*4 

534*9 

722-1 

554*4 

738*7 

574*8 

756*3 

596-2 

775*0 

618*6 

78 

733*1 

541*21  748-3 

560-7 

764-3 

581*0 

781*2 

602-2 

799-2 

624*3 

818*3 

647*5 

838*6 

671*5 

79 

798*8 

591-8    815*3 

613*1 

832*8 

635*3 

851*3 

658*5 

870*8 

682*7 

891-6 

708-1 

913-7 

734*7 

80 

877*8  652-4|  8959  675-9 

915*1  7oo-3|  935*4 

725*91  050*6 

75»-6 

979*7 

780*6 

1004 

809*9 

494 
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• 

66°        1 

67^       1 

680        1 

5!i 

1° 

60°        1 

61°        1 

«^      1 

o 

M 

N 

M 

N 

M 

N 

M 

N 

M 

N 

M 

N 

M 

N 

m 

319-8 

2i9'8 

b7 

3*8-3 

228-3 

337-1 

237*2 

5a 

337-5 

»37*3 

346*5 

2464 

356-1 

256*1 

59 

347-2 

246-7 

356-5 

256-3 

366-4 

266-3 

377-0 

277*0 

CJO 

357*7 

256-8 

367-2 

266-1 

377*4 

277*2 

383*3 

288-3 

400*0 

300*0 

61 

3689 

267-5 

378-7 

277*8 

389-5 

288-71 

400 -«; 

300*2 

412-5  '312*5 

4*5*5 

3*5*5 

62 

380-9  2788 

391-1 

289-6 

402-0  301-0 

413-6 

313-0 

426-0  1325*8 

439*4 

339'3 

453*7  353*7| 

63 

3939  291-0 

404-4 

302*2 

415*7   314*1 

4*7*7 

326*6 

440-5  '339*9 

454*3 

354*1 

469*2 

369-1 

64 

407-9 

303-9 

418*8 

315*7 

430*5 

328*1 

442-9 

341*2 

456-2  :355-i 

470-5 

36  .'9 

485*9 

385*6 

6d 

4*3*1 

317-9 

434*o 

330-2 

446-5 

343-2 

459*4 

356-9 

473*2  '371-4 

488-1 

386-9 

504*0 

403*3 

«6 

439*7 

333*0 

451-4 

345*9 

464*0 

359*4 

477'4 

373*8 

491*7  3890 

507-1 

405*2 

5*3*7 

422*4 

67 

457'7 

349*3 

469-9 

3628 

483-0  ;377*o 

496-9 

392-1 

5x1-91398-8 

527-9 

425*0 

545*1 

443*1 

68 

477*4 

366-9 

490*1 

381-1 

503*7  396-1 

518-3 

411-9 

533*9  ;4*8-7 

550-6 

446-5 

568-6 

465*5 

69 

4990 

3862 

51**3 

401-1 

526-6  '416*9 

541*8 

433*6 

558-x  451*2 

575*6  }47o*o| 

594*4 

489*9 

70 

521-9 

407-3 

536-8 

423-1 

551-7  ,429-7 

567*7 

457*3 

584-8  475*9 

603M  495*7| 

622-8 

5167 

71 

549' 3 

4306 

564-0  447-2 
594**  473*9 

579*6  1464*8 

596-4 

483*3 

614*3 

503-0 

633*6 

5*3*9 

654*3   546* 

72 

578*7 

456-3 

610-7  49**5 

628-3 

512*2 

647-2 

533-1 

667-5 

555** 

689-3   578*8 
728*5  615*2 

73 

6ir6 

484-9 

628-0  503-7 

645*4  5*3*4 

664-1 

544*4 

684-1 

566*7 

705*5 

590*1 

74 

648-8 

517-0 

666-1 

537-0 

684-6  558*1 

704-4 

580-5 

7*5*6 

604-0 

748-3 

629*1 

772*8  655*9 

75 

690*9 

553'3 

709-4 

574*7 

7291  ;597-3 

756-2 

621*1 

77**7 

646*4 

796*9 

673*3 

823*0  701*9 

76 

739-2 

594-6 

758*9 

617-6 

780-0  641*9 

802*6 

667-5 

826-7 

694-7 

852*6 

723*6 

880-5  754*3 

77 

795-0 

642-2 

8i6-2 

667-0 

838*9  693-2 

863*1 

720*9 

889*1 

750*2 

916-9 

781*4 

946-9  '814*6 

76 

86o-i 

697-5 

883-1 

724*5 

907-6  752*9 

933*9 

783*0 

961*9. 

814-9 

992-1 

848-8 

X024    i8S4*8 

79 

937-2 

762-7 

962-3  792-2 

989*0  823*3 

1018 

856-2 

1048 

89 1- X 

108 1 

928*1 

1x16    967*6 

80 

1030 

840-8 

1057    873-3 

1087    907-6 

1118 

943*9 

X152    982-3| 

X188 

X023 

1227    '1C67 

o 

63 

62 

(^ 

64° 

66° 

60° 

6^ 

f° 

N 

68°        1 

«l° 

M 

N 

M 

N 

U 

N 

M 

N 

M 

M 

N 

M     i    N 

485-2 

385-2 

' 

64 

502-5 

^02-4 

520-4 

420*4 

65 

521-2 

420*9 

539*8 

439*71 

559*9 

459*9 

66 

541-6 

440-8 

560*9  460-5 

581*8 

481-7 

604*5 

504*5 

67 

5637 

462*4 

583*8 

483-0 

605*6 

505-2 

629*2 

529-1 

655-0 

555*0 

RR 

588-0 

485-8 

608-9 

507*5 

631*6 

530-8 

656-3 

555*9 

683-2 

583*1 

7x2-6 

6x2*6 

60 

614-6 

511-3 

636-5 

534-1 

660*3 

558-7 

686-1 

595*1 

714-2 

6x3*7 

744*9 

644.8 

778-6  678*6 

70 

644-0 

539-2 

667-0 

563*3 

691-8 

589* 

718*9 

617-1 

748-3 

647-3 

780*5 

68o-o 

815-9  71  r? 

71 

676-6 

570-0 

700-7 

595*4 

726*8  '.622*8 

755* 

652-3 

786*1 

684*2 

819*9 

718*8 

857*1  ;756*6 

72 

713-8 

604-0 

738-2 

631*0 

765*7 

66o-o 

795*6 

691-3 

828-2 

7*5*1 

863*9 

761-7 

903*0  '8oi*8 

73 

753-4 

641-9 

780-2 

670-6 

809-3 

701-4 

840-9 

734*6 

875-3 

770*6 

913-0 

809-6 

954*4  !85**» 

74 

799*^ 

684-4 

827-6 

715-0 

8584 

747*9 

892-0 

783-3 

928-5 

82x6 

968-5 

863-2 

1002 

9085 

75 

851-0 

732-5 

881-4 

765*2 

914-2 

8oo'4 

949*9 

8382 

988-8 

879** 

103 1 

9*3-7 

1078    i972*2| 

76 

910-5 

787-2 

942*9 

822-3 

978*1 

86o*i 

1016 

900*8 

X058 

944*9 

X103 

992-7 

1153    ;i045  1 

77 

979-2 

850-1 

1014 

88t{-i 

1052 

928-9 

1093 

972-9 

1138 

1 020 

1x87 

X072 

X241 

X128 

78 

1059 

923-3 

1097 

964*6 

1087 

10C9 

1183 

1057 

1231 

1 108 

X284 

1164 

1342 

1226 

79 

1154 

1010 

1196 

1055 

X240 

1 103 

1288 

*i55 

1341 

X2X2 

1399 

1*73 

X462 

1340 

80 

1268 

1113 

1314 

1163 

1363 

1216 

1416 

1274 

1474 

1336 

1537   [1404 

1607 

1477 

o 

70° 

71° 

72° 

73° 

V 

4° 

7J 

5° 

76-    J 

M 

N 

M 

N 

M 

N 

M 

N 

M 

N 

M 

N 

M 

N 

70 

854-9 

754*9 

71 

898-1 

797*9 

943*5 

843- S 

72 

946-2 

845-6 

994-0 

893*8 

1047 

947** 

7S 

1000 

898-6 

1051 

949*9 

1 107 

1008 

X170 

1070 

74 

1061 

958*1 

1114 

1013 

1174 

1073 

1241 

IJ41 

13x6 

1216 

75 

1130 

1025 

1187 

1084 

1250 

1149 

1321 

122  X 

X402 

130T 

1493 

1394 

76 

1209 

1 102 

1270 

X165 

1338 

"34 

1414 

X312 

1500 

1399 

1597 

1497 

X709  ;  X609 

77 

1300 

1 190 

1366 

1258 

1439 

1333 

1520 

1417 

1613 

1511 

X7x8 

1617 

1838    1737 

78 

1406 

1293 

J477 

1366 

1556 

1448 

1645 

»539 

1745 

1641 

1858 

1756 

1988  I 18S7 

79 

153a 

1413 

1610 

1494 

1696 

1583 

1793 

1683 

1901 

1794 

2025 

X920 

2116  J2o63 

80 

1684 

1558 

1769 

1647  1  1864 

1745 

1970 

1856 

2089  '1978 

2225 

2117 

2380 

1**75 

TABLE  6 


495 


MERIDIONAL  PARTS 

LATITUDE 

/ 

HP 

1« 

r* 

8° 

4« 

5** 

6° 

421 

8° 

482 

9° 

54a 

10° 

603 

IP 

664 

12° 

13° 

14° 

15° 

16° 

17' 

18° 

0 

0 

60 

120 

180 

240 

300 

361 

725 

787 

848 

910 

973 

1035 

1098 

1 

I 

61 

121 

181 

241 

301 

362 

422 

483 

543 

604 

665 

726 

788 

850 

911 

974 

1036 

1099 

2 

1 

62 

122 

182 

24a 

302 

363 

4*3 

484 

544 

605 

666 

727 

789 

851 

913 

975 

1037 

1100 

3 

3 

63 

123 

183 

a43 

303 

364 

424 

485 

545 

606 

667 

7a8 

790 

852 

914 

976 

1038 

1 101 

4 

4 

64 

124 

184 

244 

304 

3^5 

425 

486 

546 

607 

668 

729 

791 

853 

9>5 

977 

X039 

1 102 

5 

5 

6? 

"5 

185 

*45 

305 

366 

426 

487 

547 

608 

669 

730 

792 

854 

916 

978 

1 041 

1103 

6 

6 

66 

126 

186 

246 

306 

367 

427 

488 

548 

609 

670 

73« 

793 

855 

917 

979 

1042 

1105 

7 

7 

67 

127 

187 

247 

307 

368 

428 

489 

549 

610 

671 

732 

794 

856 

918 

980 

1043 

1106 

8 

8 

68 

128 

188 

248 

308 

369 

429 

490 

550 

611 

67a 

734 

795 

857 

919 

981 

1044 

1107 

Jl 

9 

69 

129 

189 

249 

309 

310 

370 
371 

430 

491 

551 

612 

673 

735 

796 

858 

920 

982 

1045 

XX08 

1(1 

10 

70 

130 

190 

250 

431 

492 

55a 

613 

674 

736 

797 

859 

921 

983 

1046 

1x09 

11 

11 

7« 

«3i 

191 

*5i 

311 

37a 

432 

493 

553 

614 

675 

737 

798 

860 

922 

984 

1047 

mo 

12 

IZ 

7a 

132 

192 

252 

312 

373 

433 

494 

554 

615 

676 

738 

799 

861 

9*3 

985 

1048 

XXXI 

13 

n 

73 

»33 

193 

453 

313 

374 

434 

495 

555 

616 

677 

739 

800 

862 

924 

986 

1049 

X112 

U 

»4 

74 

»34 

194 

*54 

314 

375 

435 

496 

556 

617 

678 

740 

80  X 

863 

9*5 

987 

X050 

11x3 

15 

H 

75 

135 

195 

ass 

3>5 

376 

436 

497 

557 

618 

679 

74 » 

802 

864 

926 

988 

1051 

11x4 

I(> 

i6 

76 

136 

196 

256 

316 

377 

437 

498 

558 

619 

680 

742 

803 

865 

927 

989 

1052 

IXX5 

17 

n 

77 

137 

197 

a57 

317 

378 

438 

499 

559 

620 

681 

743 

804 

866 

928 

990 

1053 

1116 

18 

i8 

78 

138 

198 

258 

318 

379 

439 

500 

560 

621 

682 

744 

805 

867 

9*9 

991 

1054 

XX17 

I'J 

19 

79 

^9 

199 

259 

260 

3J9 

320 

380 
381 

440 
441 

501 

56, 

622 

683 

745 

806 

807 

868 

869 

930 
931 

993 

1055 

11x8 

20 

20 

80 

140 

200 

502 

562 

623 

684 

746 

994 

1056 

11x9 

21 

21 

81 

141 

aoi 

261 

321 

382 

442 

5C3 

564 

624 

68  <; 

747 

8o8 

870 

93* 

995 

1057 

X120 

22 

Z2 

82 

142 

202 

262 

322 

383 

443 

504 

565 

625 

687 

748 

809 

871 

933 

996 

1058 

XZ2I 

23 

^3 

«3 

H3 

ao3 

26j 

3a3 

384 

444 

505 

566 

626 

688 

749 

810 

872 

934 

997 

1059 

1X22 

24 

H 

84 

144 

204 

264 

3*4 

385 

445 

506  567 

627 

689 

750 

811 

873 

935 

998 

1060 

XI23 

25 

as 

«5 

>45 

205 

265 

3*5 

386 

446 

<;o7  568 

628 

690 

751 

812 

874 

936 

999 

ic6i 

1125 

26 

26 

86 

146 

206 

266 

326 

387 

447 

S08 

569 

629 

691 

752 

813 

875 

937 

1000 

1063 

1 126 

27 

2? 

87 

H7 

207 

267 

327 

388 

448 

509 

570 

631 

692 

753 

815 

876 

938 

ICG  I 

1064 

I  127 

28 

2g 

88 

148 

20S 

268 

328 

389 

449 

510 

5:*' 

632 

693 

754 

816 

877 

939 

1002 

1065 

1 128 

29 

29 

89 

149 

209 
210 

269 

330 

390 
391 

450 
451 

511  i;72 

633 
634 

694 

755 

817 
818 

878 

941 

1003 

1066 

1 129 

:» 

30 

90 

150 

270 

331 

512 

5:3 

69  s 

756 

879 

942 

1004 

1067 

1 130 

31 

31 

91 

151 

211 

271 

33a 

392 

45a 

5n 

574 

635 

696 

757 

819  X80 

943 

1005 

1068 

II3I 

32 

32 

9» 

152 

212 

272 

333 

393 

453 

5H 

5?S 

636 

697 

758 

820 

882 

944 

1006 

1069  1132I 

:i3 

33 

93 

153 

213 

a73 

334 

394 

454 

5'5 

576 

637 

698 

759 

821 

883 

945 

1007 

1070 

1133 

'M 

34 

94 

"54 

214 

274 

335 

395 

455 

516 

577 

638 

699 

760 

822 

884 

946 

1008 

107 1 

1134 

io 

35 

95 

'55 

*i5 

275 

336 

396 

456 

5»7 

578 

639 

700 

76. 

823 

885 

947 

1009 

1072 

1135 

36* 

36 

9^ 

156 

216 

276 

337 

397 

457 

518 

579 

640 

70X 

762 

824 

886 

948 

lOIO 

1073 

II 36 

37 

37 

97 

157 

217 

277 

338 

398 

458 

519 

«;8o 

641 

702 

7^3 

82*; 

887 

949 

lOIX 

1074 

XI37 

:w 

38 

98 

158 

21S 

278 

339 

399 

459 

520 

581 

642 

703 

764 

826 

888 

950 

IOI2 

1075 

1X38 

39 
40 

39 

99 

159 

219 

279 

34« 

400 

460 

521 

582 

643 

704 

765 
766 

827 
828 

889 
890 

951 
95a 

IOI3 

1076 

"39 

40 

100 

160 

220 

280 

341 

401 

461 

522 

583 

644 

705 

IOI4 

1077 

XX40 

11 

41 

lOI 

161 

221 

281 

34a 

402 

462 

5a3 

584 

645 

706 

767 

829 

891 

953 

IOI5 

1078 

X14X 

42 

4a 

102 

162 

222 

282 

343 

403 

463 

524 

585 

646 

707 

768 

830 

892 

954 

1016 

1079 

1 142 

43 

43 

103 

163 

223 

283 

344 

404 

4^4 

525 

586 

647 

708 

769 

831 

893 

955 

10x8 

1080 

"44 

44 

44 

104 

164 

224 

284 

345 

405 

^L5 

526 

587 

648 

709 

770 

83a 

894 

956 

IOI9 

1081 

1 145 

46 

45 

105 

165 

225 

285 

346 

406 

466 

5*7 

588 

649 

710 

771 

833 

895 

957 

1020 

1082 

XX46 

Hi 

46 

106 

166 

226 

286 

347 

407 

467 

528 

589 

650 

7H 

772 

834 

896 

958 

1021 

1084 

1147 

47 

47 

107 

167 

227 

a87 

348 

408 

468 

529 

59« 

651 

712 

773 

835 

897 

9S9 

1022 

1085 

1 148 

48 

48 

108 

168 

228 

288 

349 

409 

469 

530 

59 » 

652 

713 

774 

836 

898 

960 

XO23 

1086 

1149 

411 

49 

lOS 

169 

229 

289 

350 

410 

470 

531 

592 

653 
654 

7'4 
7'5 

775 

837 

899 

961 
962 

1024 
1025 

X087 
1088 

1150 
1151 

M 

50 

lie 

1  170 

230 

290 

351 

4" 

471 

532 

593 

777 

838 

900 

61 

5» 

III 

I7« 

231 

291 

35a 

412 

47a 

533 

594 

655 

716 

778 

839 

901 

963 

1026 

X089 

1152 

52 

5» 

iia 

.  172 

232 

292 

353 

4'3 

473 

534 

595 

656 

717 

779 

840 

902 

964 

1027 

1090 

"53 

53 

53 

113 

1  173 

233 

293 

354 

414 

474 

535 

596 

657 

718 

780 

841 

9«3 

965 

1028 

109 1 

"54 

64 

54 

"4 

M74 

*34 

a94 

355 

4M 

476 

536 

597 

658 

719 

781 

84a 

904 

ti 

1029 

1092 

"55 

56 

55 

IK 

i  '75 

»35 

a95 

356 

416 

477 

537 

598 

659 

720 

78a 

843 

905 

•968 

1030 

1093 

H56 

56 

56 

Il( 

>  176 

236 

296 

357 

4>7 

478 

538 

599 

660 

721 

783 

844 

906 

969 

XO3I 

1094 

"57 

57 

57 

"i 

r  177 

*37 

297 

358 

418 

479 

539 

600 

661 

722 

784 

845 

907 

970 

ZO32 

109s 

1x58 

68 

58 

IlJ 

J  17S 

238 

298 

359 

419 

480 

540 

601 

662 

723 

785 

846 

908 

971 

1033 

1096 

"59 

59 

> 

^9 

II( 

?  »79 

239  299 

360 
6" 

420 

481 

r 

54 « 

602 

663 
10^ 

7a4 
11° 

786 
12° 

847 
13° 

909 

972 

1034 

1097 

1x60 

0" 

r 

!20 

3*   4° 

8** 

9** 

14° 

15° 

16° 

17' 

18° 

4on 

TABLE  6 

MERIDIONAL  PARTS 

LATITUDE 

* 

19° 

20° 

21° 

22°  j  23° 

24° 

26° 

26° 

27° 

28° 
1751 

29° 

30° 

81° 

32°  1  33° 

0 

ii6i 

1225 

1289 

1354 

14x9 

1484 

1550 

1616 

1684 

18x9 

x888 

1958 

2028  2X00 

1 

1163 

1226 

X290 

1355 

1420 

1485 

"551 

1618 

X685 

1752 

182 1 

1890 

'959 

2030 

2101 

2 

1 164 

1227 

129  X 

X356 

X42X 

X486 

'55* 

X619 

x686 

1753 

1822 

189X 

i960 

203  X 

2102 

3 

X165 

1228 

1292 

1357 

1422 

1487 

>553 

X620 

1687 

"755 

1823 

1892  1962 

2032 

2103 

4 

1x66 

1229 

"93 

1358 

1423 

1488 

«554 

162X 

1688 

1756 

1824 

1893  1963 

2033 

2104 

5 

1167 

1230 

"95 

^359 

1424 

X490 

1556 

1622 

1689 

1757 

1825 

X894 

1964 

2034 

2105 

K 

X168 

1232 

1296 

1360 

1425 

X491 

1557 

1623 

1690 

1758 

1826 

X89S 

X965  1  2035 

2107 

7 

1169 

1233 

"97 

1361 

X426 

1492 

1558 

1624 

X69X 

1759 

X827 

X896 

1966  2037 

2108 

8 

1170 

1234 

X298 

1362 

1427 

H93 

1559 

1625 

1693 

X760 

1829 

1898 

1967 

2038 

2109 

9 

X17X 

1235 

"99 

»363 

1428 

X494 

1560 

X626 

1694 

X76X 

1830 

1899 

1969 

2039 

2 1X0 

10 

XI 72 

1236 

1300 

1364 

1430 

1495 

X56X 

1628 

1695  1762 

X831 

1900 

1970 

2040 

2III 

11 

"73 

1237 

X30X 

1366 

143 1 

X496 

1562 

1629 

1696  X764 

1832 

X901 

'97' 

2041 

2II3 

12 

1X74 

X238 

X302 

1367 

X432 

1497 

1563 

X630 

1697 

1765 

1833 

1902 

1972 

2043 

21 14 

13 

"75 

X239 

1303 

X368 

1433 

1498 

1564 

X631 

X698 

X766 

X834 

X903 

'973 

2044 

2II5 

14 

1x76 

1240 

1304 

1369 

1434 

1499 

1565 

1632 

1699 

X767 

1835 

X905 

'974 

2045 

2I16 

16 

"77 

I24I 

X305 

1370 

X435 

1500 

1567 

1633 

1700 

1768 

1837 

1906 

1976 

2046 

2XX7 

16 

XX78 

X242 

X306 

1371 

X436 

x5oa 

1568 

1634 

X701 

1769 

1838 

1907 

'977 

2047 

21x9 

17 

1179 

"43 

1307 

X372 

1437 

1503 

1569 

1635 

X703 

1770 

1839 

X908 

1978 

2048 

2120 

18 

1x81 

J»44 

1308 

1373 

1438 

1504 

1570 

X637 

1704 

X772 

1840 

X909 

'979 

2050 

2I2I 

19 

XX82 

1245 

1310 

1374 

1439 

1505 

1571. 

1638 

X705 

1773 

X84X 

X910 

1980 

2051 

2122 

20 

1x83 

X246 

X3" 

1375 

1440 

1506 

1572 

1639 

1706 

1774 

1842 

X912 

1981 

2052 

2123 

21 

1184 

1248 

13x2 

1376 

X441 

1507 

1573 

X640 

1707 

1775 

1843 

1913 

X983 

2053 

2125 

22 

1185 

1249 

X313 

1377 

1443 

1508 

1574 

164X 

1708 

1776 

184s 

X914 

1984 

ao54 

2126 

23 

[186 

X250 

1314 

1379 

1444 

1 509 

>575 

1642 

1709 

1777 

1846 

X915 

1985 

2056 

2127 

24 

1187 

X251 

1315 

1380 

H45 

1510 

1577 

1643 

1711 

1778 

1847 

1916 

1986 

2057 

2128 

25 

1x88 

X252 

X316 

X38X 

X446 

X5XX 

1578 

1644 

X7X2 

1780  X848 

X917 

'987 

2058 

2129 

26 

11S9 

1253 

X3X7 

1382 

«447 

»5i3 

1579 

1645 

17x3 

X78X 

1849 

1918 

1988 

2059 

2x31 

27 

1190 

"54 

1318 

X383 

1448 

1514 

X580 

X647 

I7I4 

X782 

1850 

X920 

1990 

S060 

2133 

28 

XI91 

1255 

1319 

1384 

1449 

1515 

X581 

X648 

I7I5 

1783 

1852 

X92X 

'99' 

2061 

2133 

29 

1192 

1256 

X320 

X385 

1450 

1516 

1582 

1649 

X7I6 

1784 

1853 

1922 

X992 

2063 

2134 

30 

1x93 

"57 

X321 

1386 

1451 

1517 

1583 

1650 

I7I7 

1785 

1854 

X923 

'993 

2064 

2135 

31 

1 194  1258 

X322 

X387 

145a 

X5x8 

1584 

1651 

I7I8 

1786 

X855 

1924 

'994 

2065 

2137 

32 

1x95x259 

1324 

1388 

H53 

1519 

X585 

1652 

1720 

1787 

1856 

X925 

'995 

2066 

2x38 

33 

XX96 

X260 

X325 

1389 

H55 

1520 

1586 

1653 

X72X 

1789 

X857 

X927 

1997 

2067 

2139 

34 

X198 

X261 

X326 

1390 

1456 

X521 

1588 

1654  X722 

1790 

X858 

1928 

X998 

2069 

214c 

35 

"99 

X262 

1327 

1392 

1457 

X522 

X5«9 

X656 

1713 

1791 

x86o 

X929 

'999 

2070 

2141 

36 

1200 

1264 

13*8 

1393 

X4s8 

X524 

X590 

1657 

X724 

1792 

x86i 

X930 

2000 

2071 

2143 

37 

X20I 

X265 

X329 

1394 

H59 

i5»5 

1591 

1658 

1725 

"7931 

1862 

1931 

2COX 

2072 

*'44 

38 

X202 

X266 

X330 

»395 

1460 

1526 

1592 

1659 

1726  X794I 

X863 

1932 

2002 

2073 

2145 

39 

1203 

1267 

1331 

1396 

146 1 

1527 

»593. 

1660 

1727 

1795 

X864 

'934 

2004 

2075 

2146 

40 

1204 

1268 

X332 

"397 

1462 

X528 

>594 

1661 

X729 

1797 

1865 

1935  2005 1 

2076 

2147 

41 

1205 

X269 

1333 

X398 

1463 

1529 

»595 

1662 

1730 

1798 

x866 

X936 

2006 

2077 

2149 

42 

1206 

X270 

1334 

1399 

1464 

1530 

1596 

1663 

173X 

1799 

1868 

'937 

2007 

2078 

2x50 

43 

X2C7 

X27X 

1335 

1400 

1465 

1531 

1598 

1664 

1732 

x8oo 

1869 

1938 

2008 

2079 

2151 

44 

X208 

X272 

1336 

X401 

1467 

X532 

M99 

1666 

1733 

180X 

1870 

1939 

2010 

2080 

2x51 

45 

X2O9 

X273 

133S 

1402 

1468 

1533 

x6oo 

1667 

»734 

1802 

187X 

1941 

201 1 

2082 

2153 

46 

X2I0 

"74 

X339 

1403 

X469 

1535 

1601 

1668 

1735 

1803 

1872 

X942 

20X2 

2083 

"55 

47 

X2XX 

"75 

1340 

X405 

X470 

1536 

1602 

1669 

1736 

1805 

1873 

'943 

20x3 

2o84.»i5*'| 

48 

12X2 

1276 

X341 

1406 

147 1 

1537 

1603 

1670' 

1738 

x8o6 

X875 

'944 

2014 

2085  2157 1 

49 

12x3 

1277 

1342 

1407 

X472 

1538 

X604 

1671 

1739 

X807 

1876 

'945 

2015 

2086 

2150 

50 

I215 

1278 

»343 

1408 

H73  X539 

1605 

1672 

1740 

x8o8 

1877 

1946 

2017 

20S8 

2X59 

51 

X2l6 

1280 

1344 

X409 

H74 

1540 

1606 

1673 

1741 

1809 

1878 

1948 

20x8 

2089 

Z161 

52 

12x7 

1281 

1345 

1410 

1475 

1 541 

1608 

1675 

1742 

18x0 

1879 

'949 

20x9 

209c 

2162 

53 

X2l8 

7282 

X346 

141 1 

1476 

1542 

X609 

1676 

»743 

1811 

1880 

1950 

2020 

2091 

2163 

54 

12x9 

1283' 

1347 

14x2 

1477 

>543 

16x0 

1677 

1744 

18x3 

i88x 

'95' 

2021 

2092 

2164 

55 

1220 

1284 

X348 

1413 

1479 

1544 

161X 

1678 

X746 

18x4 

1883 

X952 

2022 

2094 

2165 

56 

X22X 

1285 

1349 

1414 

1480 

1546 

1612 

X679 

1747 

x8is 

X884 

'953 

2024 

2095 

2167 

57 

1222 

1286 

1350 

1415 

1481 

1547 

x6x3 

x68o 

1748 

1816 

1885 

'955 

2025 

2096 

2168 

58 

1223 

X287 

X3S2 

14x6 

1482 

1548 

X614 

1681 

X749 

1817 

x886 

X956 

2026 

2097 

2169 

59 

1224 

1288 

1353 

1418 

1483 
23° 

'549 
24° 

161S 

X682 

1750 

1818 

X887 

195712027 

2098 

2170 
33^ 

'   19° 

20° 

21° 

22° 

25° 

26° 

27° 

28° 

29° 

30° 

81°   32° 
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MBRIDIONAL  PARTS 

LATITUDE                                        1 

'   S4*» 

S5<> 

36° 

37° 

3fl° 

39° 

40° 

41° 

42° 

48° 

44° 

46° 

46° 

47° 

48= 

0  2171 

1  2x73 

2  2x74 

3  2175 

4  2176 

5  2x78 

6  2X79 

7  2x80 

8  2x81 

9  2x82 

2244 

2246 

2247 
2248 
2249 

2250 
2252 

2253 
2254 
2255 

2318 
2319 
2320 
2322 
2323 
2324 
2325 
2327 
2328 
2329 

2393 

2394 
2395 

2396 
2398 
2399 
2400 
2401 
2403 
1404 

2468 
2470 

2471 
2472 

H73 

2475 
2476 

2477 

2478 

2480 

1545 
2546 

2548 

1549 
2550 

255X 

»553 
»554 
1555 
1557 

2623 
2624 
2625 
7627 
2628 
2629 
263  X 
2632 
2633 
2634 

2702 
2703 
2704 
2706 
2707 
2708 
2710 
27XX 
2712 
2714 

2782 

1783 
2784 

2786 

2787 
2788 
2790 
279X 
2792 
2794 

2863 
2864 
2866 
2867 
2869 
2870 
287X 

1873 

1874 
2875 

2946 
1947 

1949 
2950 

2951 

1953 

1954 
2956 

»957 
2958 

3030 
3031 

3033 

3034 
3036 

3037 
3038 
3040 
304  X 

3043 

31x6 

3"7 
3118 
3120 

3T2X 
3123 

3>i4 
3x26 

3127 

3129 

3203 
3204 
3206 
3207 
3209 
32x0 
32x2 
32x3 
3214 
32x6 

3292 
3293 

3195 
3296 

3298 

3199 
3301 

3302 

3303 
3305 

10  2x84 

11  2x85 

12  2x86 

13  2x87 
U  2188 

15  2x90 

16  2X9X 

17  2192 

18  2193 

19  2194 

2257 
2258 

2259 

2260 
2261 
a263 
2264 
2265 
2266 
2268 

2330 
2332 

1333 
a334 
*335 
*337 
2338 

1339 
2340 

2342 

2405 
2406 
2408 
2409 
2410 
2411 

24*3 
24x4 

2415 

24x6 

248  X 
2482 
2484 
2485 
2486 

2487 
2489 
2490 
249X 
2492 

2558 

1559 
2560 

2562 

2563 

2564 

2566 

2567 

2568 

2569 

2636 
2637 
2638 
2640 
2641 
2642 
2644 
2645 
2646 
2648 

2715 
2716 
2718 

2719 

2720 

2722 
2723 

1714 
2726 

2727 

1795 

1797 

2798 

2799 
2801 

2802 

2803 

2805 

2806 

2807 

1877 
2878 

2880 

288  X 

2882 

2884 

2885 

2886 

2888 

2889 

2960 
296X 
2963 
2964 
2965 
2967 
2968 
2970 

2971 
2972 

3044 
3046 
3047 
3048 
3050 
305  X 

3053 
3054 

3055 
3057 

3130 
3J3X 

3'33 

3134 
3136 

3'37 

3>39 
3140 

3142 
3143 

32x7 
3219 
3220 
3222 

3113 
3225 

3226 

3228 

3119 
3131 

3306 
3308 
3309 
3311 
33x2 

33  H 
3316 

3317 
3319 
3310 

20  2196 

21  2x97 

22  2x98 

23  2x99 

24  2200 

25  22C2 

26  2203 

27  2204 

28  2205 

29  2207 

2269 
2270 
2271 
2272 
2274 
2275 
2276 

2277 
2279 

22  80 

»343 

1344 

4345 
2346 

2348 

2349 

2350 

2351 
4353 
^354 

2418 
24x9 
2420 
2422 
2423 
2424 
2425 
2427 
2428 
2429) 

2430 
2432 

243  V 
2434 

H35 
2437 

2438 

2439 
2440 

2442 

2494 
2495 
2496 
2498 
2499 
2500 
250X 
2^03 
2504 
2505 

257X 

2572 

1573 

1575 
2576 

2577 
2578 
2580 
2581 
2582 

2649 
2650 
265  X 

2653 
2654 
2655 
2657 
2658 
2659 
2661 

2728 

2729 

2731 

2731 

1733 

1735 
2736 

1737 
»739 
2740 

2809 
2810 
28x1 
2813 
28x4 
2815 

2817 
2818 
2820 
282  X 

2891 
2892 
2893 

1895 
2896 
2897 

1899 
2900 

2902 

2903 

2974 
2975 
2976 
2978 
2979 
2981 
2982 

1983 

1985 
2986 

3058 
3060 
306  X 

3063 
3064 
3065 
3067 
3068 
3070 
3071 

3144 
3146 

3 '47 

3149 
3150 

3x52 

3>53 

3155 
3156 

3»57 

3232 
3234 

3135 
3137 
3238 
3240 

314' 
3242 

3144 

3145 

331^ 

3313 

3315 
3326 

3328 

3319 
333' 
3331 
3334 
3335 

30  2208 

31  2209 

32  22x0 

33  22XX 

34  2213 

35  2214 

36  2215 

37  2216 

38  22x7 

39  22x9 

228  X 

2282 

2283 
2285 
2286 
2287 
2288 
2290 
229X 
2292 

2355 
2356 

2358 

2359 

2360 

2361 

2363 

2364 

2365 
2366 

2368 
2369 

2370 
2371 

»373 

»374 
2375 

2376 

2378 

2379 

4506 
2508 
2509 
2510 
2512 
25x3 
25x4 

»5»5 
25x7 

2518 

2584 

2586 
2588 
2589 
2590 
2591 

1593 
1594 
1595 

2662 
2663 

2665 

2666 

2667 
2669 
2670 
267  X 

2673 
2674 

2741 

2743 

2744 
2746 
»747 
2748 
2750 

1751 
1751 
1754 

2822 
2824 
2825 
2826 
2828 
2829 
2830 
2832 
2833 
2834 

2904 
2906 
2907 
2908 
2910 
29XX 
2913 

2914 
2915 

2917 

2988 
2989 
299  X 

1991 
2993 

1995 
2996 

2998 

2999 

3000 

3073 
3074 

3075 
3077 
3078 

3080 
3081 

3083 

3084 
3085 

3>59 
3160 

3x62 

3163 

3x65 

3166 

3168 

3169 

3X7X 

3x72" 

3147 
3248 

3250 

3151 

3153 

3154 
3256 

3157 
3159 
3260 

3337 
3338 
3340 
3341 
3343 
3344 
3346 
3347 
3349 
3350 

40  2220 

41  222X 

42  2222 

43  2224 

44  2225 

45  2226 

46  2227 

47  2228 

48  2230 

49  2231 

2293 

2295 

2296 

'2297 

2298 

2299 

23OX 

2302 

'2303 

'2304 

2443 
2444 

2445 

2447 
2448 

2449 
245X 

1451 
*453 

2454 

25x9 
2521 
2522 
2523 
2524 
2526 
2527 
2528 
2530 
2531 

1597 
2598 
2599 
2601 
2602 
2603 
2604 
2606 
2607 
2608 

2675 

2676 

2678 
2679 
2680 
2682 
2683 
2684 

2686 
2687 

1755 
2756 

1758 

1759 
2760 

2762 

2763 

2764 

2766 

2767 

2836 

1837 
2839 
2840 
2841 
2843 

1844 
2845 
2847 
2848 

2918 
2919 
292  X 
2922 

2924 
2925 

2926 
2928 
2929 

2931 

3002 
3003 
3005 
3006 
3007 
3009 
3010 
3012 
3013 
30x4 

3087 

3088 
3090 

3091 

3093 
3094 

3095 
3C97 
3098 

3100 

3173 

3>75' 
3176 

3178 

3179 

3x81 

3x82 

3184 

3185 
3187 

3262 

3263 
3265 
3266 
3268 
3269 
327  X 
3272 
3274 

3175 

3351 
3353 

3356 
3358 

3359 
3361 

3362 

3364 

3365 

50  2232 

51  2233 

52  2235 

53  2236 

54  2237 

55  2238 

56  2239 

57  2241 

58  2242 
50  2243 

'  2306 
2307 
2308 
2309 
23x1 
23x2 

13X3 
23x4 

2316 

2317 

2380 
2381 
2383 
2384 
2385 
2386 
2388 
2389 
2390 
2391 

2456 

H57 
2458 

»459 
2461 

2462 

2463 

2464 

2466 

2467 

2532 

^533 

2535 
2536 

^537 
2538 

2540 

2541 

2542 

1544 

2610 
26XX 
26x2 
2614 
26x5 
2616 
2617 
26x9 
2620 
2621 

2688 

2690 
269  X 
2692 

2694 
2695 

2696 

2698 
2699 
2700 

2768 

2770 

2771 

2772 

2774 

2775 

2776 

2778 

2779 
2780 

2849 
285X 
2852 
2854 
2855 
2856 
2858 
2859 
2860 
2862 

2932 

2933 

1935 
2936 

1937 
2939 

2940 

2942 

1943 
294A 

3016 
3017 
3019 
3020 
3021 
3023 
3024 
3026 

3027 
3029 

3IOI 

3103 
3104 
3x05 
3x07 
3108 
3 1 10 
31XI 

3113 
3114 

3188 
3190 

3J9> 
3x92 

3»94 

3195 

3»97 
3198 

3200 
320  X 

3177 
3178 
3280 
328- 
3283 
3284 
3286 

3187 
3289 

3290 

3367 
3368 
3370 

3371 
3373 
3374 
3376 
3378 

3379 
3381 

'  34« 

35*» 

36° 

37** 

38°  j  39° 

40° 

41° 

42° 

43° 

44° 

46° 

46° 

4r 

48° 

^^*^"^ 

wi^mmmt 
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TABLE  6 


MERIDIONAL  PARTS 

LATITUDE 

/ 

49°  1  60° 

61° 

62° 

63° 

64° 

3865 
3866 
3868 
3870 
3871 

3873 
3875 
3877 
3878 
3880 

66° 

66° 

6r 

68° 

69° 

60° 

61° 

68°  W\ 

0 

1 

2 
3 
4 
6 
6 

7 

8 
0 

3382 
3384 
3385 
3387 
3388 
3390 
3391 

3393 
3394 
3396 

3474 
3476 
3478 

3479 
3481 

3482 

3484 
3485 
3487 
3488 

3569 

3570 

357* 
3574 
3575 
3577 
3578 
3580 
358* 
3583 

3665 
3667 
3668 
3670 
3672 

3673 
3675 

3677 

3678 

3680 

3764 
3765 

3767 

3769 

3770 

377*. 
3774 
3775 
3777 
3779 

3968 
3970 
3971 

3973 
3975 
3977 
3978 
3980 
3982 

3984 

4074 
4076 
4077 
4079 
4081 
4083 
4085 
4086 
4088 
4090 

4x83 
4184 
4x86 
4188 
4x90 
4x92 

4"94 

4'95 

4197 
4199 

4*94 
4296 

4*98 

4300 
4302 

4304 
4306 

4308 

4309 

43" 

4409 

44" 

44"3 

44»5 

4417 

4419 
442  X 

44*3 

44*5 
44*7 

45*7 
45*9 
453' 
4533 
4535 
4537 
4539 
4541 
4543 
4545 

4649 
4651 

4653 

4655 

4657 
4660 

4662 
4664 
4666 
4668 

4775 
4777 

4779 
4781 

4784 
4786 

4788 

4790 
479* 
4794 

4905 

49^7 

4909 
4912 

49  «4 
49x6 

4918 

4920 

4^*3 
49*5 

iO 
11 
12 
13 
14 
U 
16 

17 
18 
19 

3397 

3399 
3400 

3402 
3403 

3405 
3407 

3408 

3410 
3411 

3490 
3492 

3493 

3495 
3496 

3498 
3499 
350J 
3503 
3504 

3585 
3586 

3588 
3590 
359" 
3593 

3594 
3596 

3598 
3599 

3681 
3683 

3685 
3686 
3688 
3690 
3691 
3693 

3696 

3780 

378* 

3784 

3785 

3787 

3789 
3790 

379* 
3794 
3795 

38S2 

3883 
3885 

3887 
3889 
3890 
3892 

3894 
3895 
3897 

3985 

3987 
3989 

3991 

399* 
3994 
3996 

3998 

3999 
400X 

4092 
4094 
4095 
4097 
4099 
4X0X 
4103 
4104 
4106 
4108 

4201 
4203 
4205 
4207 
4208 
42x0 
4212 
4214 
4216 
42x8 

43»3 
43>5 
43»7 
43 '9 
43*1 
43*3 
43*5 
43*7 
43*8 
4330 

44*9 

443" 

4433 

4434 
4436 

4438 
4440 

444* 

4444 
4446 

4547 

4549 

455' 

4553 

4555 

4557 

4559 
4562 

45<»4 
4566 

4670 
4672 
4674 
4676 

4678 
4680 
4682 
4684 

4687 
4689 

479^ 
4798 
480X 

4803 
4805 

4807 
4809 
48x1 
48x4 
4816 

49*7 
49*9 
493' 
4934 

4936 
4938 
4940 

4943 
4945 
4947 

20 
21 
22 
23 
24 
25 
26 

27 
28 
29 

30 
31 
32 
33 
34 
35 
36 

37 
38 

39 

3413 

34H 
3416 

3417 

3419 
3420 

3422 

3423 

34*5 
3427 

3506 

3507 

3509 
3510 

3512 

3514 
3515 
35»7 
3518 
3520 

3601 
3602 
3604 
3606 
3607 
3609 
3610 
3612 
3614 
3615 

3698 
3699 
3701 
3703 

3704 
3706 

3708 

3709 

3711 

3713 

3797 

3799 
3800 

3802 

3804 

3806 

3807 
3809 
38x1 
3812 

3899 
3901 

390* 
3904 

3906 
3907 
3909 
39" 
39'3 
39H 

4003 
4005 
4006 
4008 
4010 
4012 
4014 
40x5 
4017 
40x9 

4x10 
41x2 
4113 
4115 

4XX7 

4"9 
4x21 

4122 

4124 

4126 

4220 
422  X 

4**3 

4**5 

4**7 

4**9 

4*3' 

4*3* 

4*34 
4236 

433* 

4334 
4336 

4338 

4340 

434* 

4344 
4346 

4347 
4349 

4448 

4450 

445* 

4454 
4456 

4458 
4460 
4462 
4464 
4466 

4568 
4570 
457* 
4574 
4576 
4578 
4580 

458* 

4584 
4586 

469  X 
4693 

4695 

4697 
4699 

479' 

4703 

4705 

4707 
4710 

4ki8 
4820 
4822 

48*4 
4826 

4829 

483  X 

4833 
4835 
4837 

4949 
495' 
4954 
4956 

4958 
4960 

4963 
4965 
4967 
4969 

3428 

3430 

3431 

3433 

3434 
3436 

3437 

3439 
3440 

344* 

3521 
3523 

35*5 
3526 

3528 

35*9 

3531 

353* 

3534 
3536 

3617 
3618 
3620 
3622 
3623 
3625 
3626 
3628 
3630 

3631 

3714 
3716 

3717 

3719 

37*1 

37** 

37*4 
3726 

37*7 
37*9 

373' 

373* 

3734 
3736 

3737 
3739 
3741 
374* 
3744 
3746 

3814 
38x6 

3817 
3819 
3821 
3822 
3824 
3826 

38*7 
3829 

3831 
3832 

3834 
3836 

3838 

3839 
3841 
3843 
3844 
3846 

3916 
39x8 

39'9 
3921 

3923 

39*5 
3926 

39*8 
3930 
393* 

4021 
4022 
4024 
4026 
4028 
4029 
4031 

4033 
4035 
4«37 

4x28 

4' 30 
4x32 

4>33 
4135 

4'37 

4139 
4141 

414* 

4144 

4238 
4240 

4*4* 

4*44 
4246 

4*47 

4*49 
4251 

4*53 
4*55 

4351 

4353 

4355 

4357 

4359 
436  X 

4363 

4365 
4367 

4369 

4468 
4470 

447* 
44  H 
44';6 
447» 

4480 
44^2 

4484 
4486 

4588 

4590 
459* 
4594 
4596 

4598 
4600 

4602 
4604 
4606 

4712 

47 '4 
47x6 

47x8 

47*0 

47** 

47*4 
4726 

47*8 

473' 

4839 
4842 

4844 
4846 

4843 
4850 
4852 

4855 
4857 
4859 

497* 

4974 
4976 

4978 
498  X 

4983 
4985 
4987 
4990 
499* 

41 
41 
42 
4H 
44 
45 
46 

47 
48 
4!) 

50 
51 
fti 
53 
54 
55 
5f> 

57 
58 

59 

3443 
3445 
3447 
3448 
3450 
3451 
3453 
3454 
3456 
3457 

3537 
3539 
3540 
354* 
3543 
3545 
3547 
3548 

3550 
3551 

3633 
3634 
3636 
3638 
3639 
3641 

3643 

3646 
3647 

3933 
3935 
3937 
3938 
3940 

394* 
3944 
3945 
3947 
3949 

4038 
4040 
4042 
4044 
4045 
4047 
4049 
4051 

4^5* 
4054 

4x46 
4148 

4150 
4152 

4'53 
4155 
4157 

4'59 
4161 

4162 

4*57 
4*59 
4260 
4262 
4264 
4266 
4268 
4270 

4*7* 
4*74 

4370 

437* 
4374 
4376 

4378 
4380 
438* 

4384 

4386 

4388 

4488 
4490 

449* 

4494 

4495 

4497 

4499 
4501 

4503 
4505 

4608 
46x0 
4612 
4614 
4616 
4618 
4620 
4623 
4625 
4627 

4733 
4735 
4737 
4739 
474' 
4743 
4745 
4747 
4750 
475* 

486  X 

4863 
4865 

4S68 
4870 

487* 

4874 
4876 

4879 
4881 

4994 
4996 

4999 
5C01 

5C03 

5005 

5008 

5010 

5012 

SO  14 

3459 
3460 

3462 

3464 
3465 
H67 
3468 
34  70 

347  J 
3473 

3553 
3555 
3556 
3558 

3559 
3561 

3562 

3564 
3566 

3567 

3649 
3651 
3652 

3654 
3655 
3657 
3659 
3660 
3662 
3664 

3747 
3749 

3750 
375* 
3754 
3755 

3757 

3759 
3760 

376* 

3848 

3849 
385X 

3853 
3854 
3856 

3858 
3860 
3861 
3863 

63° 

395« 
395* 
3954 
3956 

3958 

3959 
3961 

3963 
3964 

3966 

4056 
4058 
4060 
4061 
4063 
4065 
4067 
4069 
4070 
4072 

4164 
4166 
4168 

4170 
4172 

4173 

4'75 

4'77 

4' 79 
4181 

4*75 

4*77 

4*79 
428  X 

4*83 
4*85 
4287 
4289 

4*9 » 
4*9* 

4390 

439* 

4394 
4396 

4398 

4399 
440J 

4403 

4405 
4407 

4507 

45C9 

45" 

45"3 

45'5 

45'7 

45'9 
452X 

45*3 
45*5 

4629 

4631 

4633 

4635 

4637 
4639 

4641 

4643 
4645 

4647 

4754* 
4756 

4758 
4760 

4762 

4:^ 
4766 

4769 

477' 
4773 

4883 
4885 

4»87 
4«90 
4892- 

4894* 
4896 

4898 

4901 

4903 

5017 
5019 
5021 
5023 
5026 
5028 
503c 

5033 
5035 
5037 

/ 

4!l° 

50° 

61° 

62° 

64° 

55° 

66° 

57'' 

58^ 

69° 

60° 

61°  1  62° 

63^ 

TABLE  6 


499 


MERIDIONAL  PARTS 

LATITUDE 

/ 

64'»' 

65*»  eff" 

6r 

68° 

69° 

70° 

5966 
5969 

597* 
5975 
5978 
598  X 
5984 
5986 
5989 

599* 

71^ 

6x46 

6149 

6152 

6155 
6158 

6i6x 
6164 
6x67 
6170 
6173 

72° 
6335 

6338 

6341 

6345 
6348 
6351 

6354 

6358 

636X 
6364 

73° 

74« 

76° 

76° 

72x0 

7214 
7218 
7222 

7**7 
723  X 

7*35 
7*39 
7*43 

7*47 

77° 

78'' 

0 

1 

2 
3 
4 
5 

6 

7 
8 
9 

5039 
5042 

5044 
5046 

5049 

5051 

5053 

5055 
5058 

5060 

5*79 
518] 

5184 

5186 

5188 

5191 

5'93 
5195' 
5198: 
5200 

53*4 
53*6 
53*8 

533« 
5333 
5336 
5338 
534* 
5343 
5346 

5474 
5477 

5479 
5482 

5484 

5487 

5489 
5492 

5495 
5497 

5631 

5633 

5636 

5639 

5642 

5644 
5647 

5650 
5652 

5655 

5795 
5797 
5800 
5803 
5806 
5809 
5811 
5814 

5817 
5820 

6534 

6538 

6541 

6545 
6548 

6552 
6555 

6558 

6562 

6565 

6746 

6749 

6753 

6757 
6760 

6764 
6768 

6771 
6775 
6779 

6970 

6974 
6978 

6982 

6986 

6990 

6994 
6997 

7001 

7005 

7467 
747* 
7476 
748  X 

7485 
7490 
7494 
7498 
7503 
7507 

7745 
7749 
7754 
7759 
7764 
7769 
7774 
7778 

7783 
7788 

10 
11 
12 
13 
14 
15 
16 

17 
18 
19 

5062 
5065 
S067 
5069 
5071 

5074 
5076 

5078 

5081 

5083 

5203 
5205 
5207 
5210 
5212 
5214 
5217 
5219 
5222 
5224 

5348 

5351 

5353 

5356 

5358 
5361 

5366 
5368 

5371 

5500 
5502 

5505 
5507 
5510 

55>3 

5515 
5518 

5520 
55*3 

5658 
5660 
5663 
5666 
5668 

5671 

5674 
5676 

5679 
5682 

5823 

58*5 
5828 

5831 

5834 
5837 

5839 
5842 

5845 
5848 

5995 
5998 

6coi 

6004 

6007 

60x0 

6013 

60x6 

6019 

6022 

6177 
6180 

6183 

6186 

6189 

6192 

6195 

6198 

620  X 

6205 

6367 

6371 
6374 

6377 
6380 

6384 
6387 

6390 

6394 
6397 

6569 
6572 

6576 

6579 

6583 

6586 
6590 

6593 
6597 

6600 

6782 
6786 
6790 

6793 
6797 
6801 

6804 
6808 
6812 
68i<; 

70C9 

70x3 
7017 

7021 

7025 
7029 

7033 
7037 

704X 
7045. 

7*5* 
7*56 
7260 

7264 
7268 

7*73 
7*77 
728  X 

7285 
7289 

7512 
7516 

75*1 

75*5 
7530 

7535 
7539 
7544 
7548 
7553 

7793 
7798 
7803 
7808 

7813 
7817 

7822 

7827 

783* 
7837 

20 
21 
22 
23 
24 
26 
26 

J7 
28 
29 

5085 
5088 
5090 
5092 

5095 

5097 

5099 
5102 

5104 
5106 

5226 
5229 
5231 

5*34 
5236 

5238 

5241 

5*43 
5246 

524a 

5373 
5376 
5378 
5380 

5383 

5385 
5388 

5390 
^393 
5395 

55*6 
55*8 
553» 
5533 
5536 
5539 
554» 
5544 
5546 
5549 

5685 
5687 

5690 

5693 

5698 
5701 

5704 

5706 

5709 

5851 

5854 
5856 

5859 
5862 

5865 
5868 
5871 

5874 
5876 

6025 
6028 
603  X 
6034 
6037 
6040 
6043 
6046 
6049 
6052 

6055 
6058 
606  X 
6064 
6067 
6070 

6073 

6076 
6079 
6082 

6208 
62x1 
6214 
6217 
6220 
6223 
6226 
6230 

6233 

6236 

64CO 

6403 
6407 

6410 

6413 
6417 

6420 

64*3 
6427 
6430 

6603 
6607 
66x0 
6614 

6617 
6621 

6624 

6628 
6631 

6635 

6819 
6823 
6826 
6830 

6834 
6838 

6841 

6845 
6849 

6853 
6856 
6860 
6864 
6868 
687  X 

6875 

6879 
6883 

6886 

6890 

7048 
7052 
7056 

7060 

7064 
7068 

7072 
7076 

7080 

7084 

7*94 
7*98 
7302 
7306 
73XX 

73>5 
73»9 
73*3 
73*8 
733* 

7557 
7562 

7566 

757' 
7576 
7580 

7585 
7589 
7594 
7599 
7603 
7608 
7612 
7617 
7622 
7626 
7631 
7636 
7640 

7645 

784* 

7847 
7852 

7857 
7862 

7867 
7872 

7877 
7882 

7887 

7892 

7897 
7902 
7907 

79'* 

79'7 
7922 

7927 

793* 
7937 

30 
31 
32 
3S 
34 
35 
36 

37 
38 
39 

5108 
5111 
5113 

5"5 
5118 

5120 

512* 

5»5 

5"7 
5129 

5250 
5*53 

5258 
5260 
5263 
5265 

5267 
5270 

5271 

5398 
5401 

5403 
5406 

5408 

541 1 

54'3 
5416 

5418 
54*1 

555* 
5554 
5557 

5559 
5562 

5565 
5567 
5570 
5573 
5575 

5712 

5715 
5717 

5720 

57*3 
57*5 
57*8 

5731 
5734 
5736 

5879 
5882 

5885 
5888 
5891 

5894 
5896 

5899 
5902 

5905 
5908 
5911 

59  H 
59>7 
59>9 
59** 
59*5 
59*8 
5931 
5934 

6239 
6242 

6245 
6249 

6252 

6255 
6258 
6261 

6264 

6268 

6433 

6437 
6440 

6443 
6447 
6450 

6453 
6457 

6460 

6463 
6467 
6470 

6473 
6477 
6480 

6483 

6487 
6490 

6494 

6497 

6500 

6504 
6507 

65II 

6514 
6517 

652X 

65*4 
6528 
6531 

6639 

6642 

6646 

6649 

6653 

6656 
6660 
6663 
6667 

6670 

7088 
7092 

7096 
7x00 

7104 

7x08 
7II2 
7x16 
7120 

71*4 

7336 
734' 
7345 
7349 
7353 
7358 
736a 
7366 

737' 
7375 

40 
41 
42 
43 
44 
45 
40 

47 
48 
49 

5»3» 
5«34 
5136 

5^39 
5141 

5»43 
5146 

5148 

5151 

5M3 

5*75 

5*77 
5280 

5282 
5284 
5287 
5*89 
5*9* 
5*94 
5*97 

54*3 
54*6 
54*8 
5431 
5433 
5436 
5438 
5441 
5443 
5446 

5448 

5451 

5454 

5456 

5459 
5461 

5464 
5466 

5469 
5471 

5578 
5580 

5583 
5586 
5588 

5591 

5-594 

5596 

5599 
5602 

5739 
574* 
5745 
5747 
5750 
5753 
5756 
5758 
5761 
5764 

6085 
6088 

609  X 

6094 
6097 

6x00 
6x03 
6x06 
6109 
6xx2 

6271 

6274 

6277 
6280 

6283 
6287 

6290 

6293 

6296 
6299 

6674 

6677 

668x 
6685 
6688 
6692 

6695 
6699 

6702 

6706 

6894 
6898 
6901 
6905 
6909 
6913 
69x7 
6920 

69*4 
6928 

7x28 

713* 
7136 
7x40 

7145 
7149 
7153 
7157 

7i6x 
7165 

7379 
7384 
7388 

739* 

7397 
740  X 

7406 

74x0 

74'4 
74' 9 

7650 
7654 

7664 
7668 
7673 
7678 

7683 
7687 

7692 

794* 
7948 

7953 
7958 

7968 

7973 
7978 

7983 
7989 

50 
51 
52 
53 
54 
65 
56 
57 

58 
59 

1 

S155 
5158 

S160 

5162 

5165 

5167 

5169 

S172 

5174 
5176 

5*99 
530X 

53C4 
5306 

5309 

53«* 

53«4 
5316 

53'9 
5321 

5604 
5607 
5610 
'5612 
5615 
5617 
5620 
5623 

56*5 
5628 

5767 
5770 

577* 
5775 
5778 

578' 
5783 
5786 

5789 
579* 

68° 

5937 
5940 

5943 
5946 
5948 

595» 

5954 

5957 
5960 

5963 
69° 

6115 

6II8 

6I2I 
6x24 
6x27 
6130 

6133 

6x36 
6x40 

6143 

70° 

6303 

6306 

6309 

63x2 

6315 
63x9 

6322 

6325 
6328 
6332 

6710 

6713 
6717 

6720 

6724 

6728 

6731 
6735 
6738 
6742 

6932 
6936 
6940 

6943 

6947 
6951 

6955 

6959 
6963 

6966 

7x69 

7»73 

7177 
7x81 

7x85 

7x89 

7194 
7x98 

7202 

7206 

74*3 

74*7 

743* 
7436 

7441 
7445 
7449 
7454 
7458 
7463 

7697 
7702 

7706 

7711 1 
7716 

7721 

77*5 

7730 

7735 
7740 

7994 

7999 
8004 

8009 

8014 

8020 

8025 

8030 

8035 
8040 

64° 

65° 

t 

71*' 

72° 

73° 

74« 

76° 

76° 

77** 

78*> 

600 


TABLE  7 


FOR  FINDING  THE  DISTANCE  OF  AN  OBJECT, 

BT  TWO  BEARINGS  AND  THE  DISTANCE  RUN  BETWEEN  THEM. 

s1>^ 

5  •  a 

III 

Difference  between  the  Course  and  the  1st  Bearing. 

Points. 

Points. 

2 

n 

9 

ai 

4 

*\ 

6 

^k 

6 

H 

7 

74 

8 

«4 

9 

94 

10 

Si 

I'OO 

4 

I'OO 

4* 

0*8 1 

x'23 

6 

0*69 

i»oo 

i'4S 

64 

©•6o 

0-85 

ri7 

x-66 

6 

0-54 

0-74 

i*oo 

'•35 

1-85 

S* 

0*49 

o^bf 

0-88 

ri4 

1-50 

2'02 

1 

7 

0*46 

o*6x 

0-79 

I'OO 

1-27 

1-64 

2-17 

n 

o'43 

0-57 

0*71 

0*90 

I'll 

1-39 

1*77 

2-30 

8 

0*41 

0-53 

0*67 

0'82 

I -00 

1-22 

1  50 

I-X7 

2*41 
1*96 

2*50 

8| 

0*40 

0-51 

063 

0-76 

0*92 

I'09 

1-31 

1-58 

9 

o'39 

o'49 

o"6o 

0"72 

0-85 

I'OO 

118 

1-39 

x-66 

2*03 

2*56 

H 

0-38 

0*48 

0*58 

0-69 

o-8o 

0-93 

I -08 

125 

1*46 

1-72 

2-08 

260 

.0 

0*38 

0-47 

0-57 

0'66 

0*76  0-88 

I'OO 

I- 14 

1-31 

1-51 

176 

2*11 

2'6x 

101 

0*38 

0-47 

0*56 

0*65 

0-74 

0*84 

0-94 

1*06 

1-19 

1-35 

i'55 

1*79 

2*12 

2*60 

u 

0-39 

0-47 

0*56 

0-64 

0*72 

o-8i 

0-90 

I'CO 

I'll 

1-24 

1-39 

1-57 

I -80 

2*11 

2*56 

1** 

0*40 

0-48 

o'56 

0-63 

©•71 

0-79 

0-87 

0-9S 

1*05 

ri5 

1-27 

1-41 

1-58   179 

2-o8 

2*50 

12 

0*41 

0-49 

0-57 

0*64 

'o'7i 

0-78 

0-85 

0*92 

x*oo 

I -08 

118 

1*29 

r4i«i-57 

1-76 

2*03 

2-41 

124 

0*43 

0-51 

0*58 

0*65 

0*71 

0-77 

0-83 

0*90 

0-97 

1*03 

X*II   I*20 

i*29|i*4i 

1*55 

1*72 

1*96 

TABLE  8 
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TRUE  DEPRESSION  OR  DISTANCE  OF  TH£ 

,    1 

SEA  HORIZON                 1 

HeigbttDep, 

.  Square 

[Heigh 

tDep 
'  61 

>.  Sqamrf 

)  Height  Dep 

t.  Square 

1  Dep..Sqaare 

11« 

i' 

I 

3293^ 

'  37»i 

12966^^  121 
18183  122 

'  1464 I 

181',  32761 

3-5 

2 

4 

3403 

62 

3844 

14884 

182 

33»a4 

8-0 

3 

9 

3513 

63 

3969 

13397 

123 

15129 

183 

33489 

14*3 

4 

16 

3624 

64 

4096 

13615 

124 

'5376 

184 

33856 

22-1 

5 

15 

3740 

65 

4225 

13836 

'»5 

15625 

185 

34"5 

31-9 

6 

36 

3855 

66 

4356 

14061 

126 

15876 

186 

34596 

43-3 

7 

49 

3974 

67 

44.89 

14282 

127 

16129 

187 

34969 

50-6 

8 

64 

4093 

68 

4624 

14502 

128 

16384 

x88 

35344 

71-7 

9 

81 

4213 

69 

4761 

14737 

129 

16641 

189 

35711 

88-6 

lO 

TOO 

4337 

70 

4900 

14970 

130 

16900 

190 

36100 

107 

II 

121 

4461 

71 

5041 

U197 

131 

17161 

191 

36481 

127 

12 

144 

4587 

7a 

5184 

15429 

132 

17424 

192 

36864 

149 

13 

169 

47I6 

73 

5329 

15664 

133 

X7689 

193 

37149 

173 

H 

196 

4846 

74 

5476 

15901 

134 

17956 

194 

37636 

199 

15 

225 

4976 

75 

5625 

16139 

135 

18225 

'95 

38025 

226 

i6  '  256 

5112 

76 

5776 

16380 

136 

18496 

196 

384x6 

256 

17 

289 

6249 

77 

5929 

16622 

137 

18769 

»97 

38809 

287 

18 

324 

5385 

78 

6084 

16866 

138 

19044 

198 

39204 

319 

19 

361 

5524 

79 

6241 

17111 

«39 

X9321 

199 

39601 

354 
390 

20 

400 

5665 

80 

6400 

17362 

140 

19600 

200 

40000 

21 

441 

5808 

8x 

6561 

17608 

141 

X9881 

201 

40401 

428 

22 

484 

5952 

82 

6724 

17860 

142 

20164 

202 

40804 

468 

^3 

5*9 

6098 

83 

6889 

18111 

143 

20449 

203 

4x209 

510 

24 

576 

6246 

84 

7056 

18366 

144 

20730 

204 

4x616 

550 

15 

625 

6394 

85 

7225 

18622 

H5 

21025 

205  j  42025 

598 

26 

676 

6547 

86 

7396 

18878 

146 

21316 

206  42436 

645 

27 

729 

6700 

87 

7569 

19140 

147 

21609 

207  J  42849 

694 

28 

784 

6855 

88 

7744 

19401 

148 

21904 

208 

43264 

744 

»9 

841 

7012 

89 

7921 

19664 

149 

22201 

209 

43681 

797 

30 

9C0 

7172 

90 

8100 

19930 

150 

22500 

210 

44100 

850 

3» 

961 

7332 

91 

8281 

20197 

151 

22801 

21X 

44521 

906 

3* 

1024 

7492 

92 

8464 

20465 

152 

23104 

212 

44944 

964 

33 

1089 

7656 

93 

8649 

20736 

»53 

23409 

213 

45369 

1023 

34 

1156 

7824 

94 

8836 

21008 

>54 

23716 

214 

45796 

1084 

35 

1225 

7987 

95 

9025 

21282 

155 

24025 

215 

46225 

1147 

36 

1296 

8158 

96 

9216 

21558 

156 

24336 

2x6 

46656 

1211 

37 

1369 

8330 

97 

9409 

21836 

157 

24649 

217 

47089 

1278 

38 

1444 

8504 

98 

9604 

22115 

158 

24964 

2x8 

47514 

1346 

39 

1521 

8678 

99 

9801 

22397 

»59 

25281 

219 

47961 

1416 

40 

1600 

8852 

TOO 

1 0000 

22680 

160 

25600 

220 

48400 

1487 

4X 

1681 

9032 

lOI 

1020 1 

22964 

161 

25921 

221 

48841 

1561 

42 

1764 

9210 

102 

X0404 

23251 

162 

26244 

222 

49284 

1636 

43 

1849 

9393 

103 

X0609 

23540 

163 

26569 

223 

49729 

1713 

44 

1936 

9577 

104 

108 1 6 

23830 

164 

26896 

224 

50x76 

1792 

45 

2025 

9760 

105 

1 1025 

24121 

165 

27225 

225 

50625 

1872 

46 

2116 

9951 

106 

X1236 

24415 

166 

17556 

226 

51076 

1954 

47 

2209 

10135 

107 

"449 

24711 

167 

27889 

227 

5x529 

2039 

48 

2304 

10325 

108 

1 1664 

25008 

168 

28224 

228 

51984 

2124 

49 

2401 

10518 

109 

11881 

25307 

169 

28561 

229 

5244X 

2212 

50 

2500 

10712 

no 

12100 

25608 

170 

28900 

230 

52900 

2301 

5' 

2601 

10908 

III 

1232 1 

25911 

171 

29241 

23X 

53361 

2393  52  1 

2704 

11105 

112 

12544 

26215 

172 

29584 

232 

53824 

2485 

53 

2.809 

11304 

113 

X2769 

26521 

173 

29929 

133 

54189 

2581 

54  a9i6  1 

U50G 

114 

12996 

26829 

174 

30276 

434 

54756 

2677 

55 

30*5 

11709 

"5 

1 3"  5 

27139 

175 

30625 

»35 

55115 

2775 

56 

3136 

11913 

116 

^3456 

27451 

176 

30976 

236 

55696 

1 

2875  57  I 

3249 

12120 

117 

13689 

27764 

177 

31329 

237 

56169 

12977  1  5^ 

3364 

12328 

118 

139*4 

28079 

178 

31684 

238 

56644 

13061  59 

34«i 

12538 

119  14161I 

28396 

179 

32041 

239 

57121 

1  3186  I  6o 

3600 

12749 

« 

120 

144001 28715 

x8o 

32400  240  57600 1 

TABLE  9 


N?  OF  FEET 

8UBTBHI>IVO  AN 
ANGLE  or  r. 


DistJn 
Miles. 


Feet. 


1 
2 
3 
4 
5 
6 

7 
8 

9 
10 


1-77 

3*54 

531 

7*o8 

8-84 
io'6i 
12*38 

1415 
15-92 
17*69 


11 
12 
13 
14 
19 
16 

17 
18 
19 
20 

21 

22 

23 

24* 

25 

26 

27 
28 

29 
30 


19-46 
21*23 
23*00 
2477 
26*53 
28*30 
3V07 
31-84 
33'6i 
35*38 

37-15 
38*92 

40*69 

42-46 

44*13 
46*00 

47*76 

49*53 
51-30 

5307 


SM 


TABLE   10 


MARITIME  POSITIONS 


(1) 


Flaoet 


St.  Paul's  Cfttfaednl 

GrBEMWICH  OBSBATATOJITf  1*> 


Lat.  N 


Long. 


3 

6 


Q 
SB 


Greenhitfae,  ferry 

vOfienicsSf  &•  sc*  «•••..••«••«  •••• 
Chatham  Dk.  yd.  King's  stairs 

*'Kore"  It.  V.  S-d.  T,  Ri»  J 
38f.*,  gong J 

Maigate,  [Q\»*,  It.  F'  85f,  N.  Ch. 

North  Foreland  It  F  184f. 

Ramsgate,  W}f,  S.  pier  It.  P^. ... 

Sandown  Castle,  cent 

"  Goodwin"  Itv.,  Nd,  T,3  F.  \ 

42f.  3*,  gong I 

"  GuU  Stream"  It. v.  JF-rf, i,  ^ 

R.  20  sec,  36f.  t  gong j 

Safety  beacon 

<*S    Sand  Hd."   S.  pt.  ItT. 

Is,  F  38f.  f  gong 
S.    Foreland.   2  Us.    SyS^'W  I 

1347f.  F  372.  2«5f.  J 

Dover, QQ'o"  (ItFrGOf.  lof.)  CastU 
Folkfttone,  \L^i,  (It  F*  or  fl. ) 

iof.),Ch j 

Dungeness  It  F  92f. 

Vame  Shi.  Itv.  W-d.Ts  R  20',30f. 
N.  pt.  4 


West 
5i'>3o'«;o«  s'7 
51  28*60    o 

East 
51  27*20  i6'7 
51  26-80  447 
51  23-80  35-0 


(2) 


Placet 


51  29 

SI  »3'4| 
51  22-5 

51  19-7 
51  14-3 


o  48 


■:1 


I 

s 


Ridge  Shi.,  8.  pt  6 
N.  ptT 


Rye,  W  (2  Its.,  N.  cnt,  N  34*»  \ 
W420f:  F  26f.  orfl.Iof.),  Ch.  j 

Hastings,  2  lights,  400  feet, 
F.  60f.  

Beachy  Hd.,  It.  R  2«  285f. 

Newhayen,  HI'/  Wpiisrlt  FS8f. 


} 


51  195 

51  16-6  r 

5>  H-7 
51  10*0 


51 
SI 
SI 


8-4 
7-8 
4« 


50  5S:oo  58*2 
50  56-2  I  16*2 

51       O       I    22 


23-2 
26-7 

24*? 
35-S 
28-5 

33-7 
28-2 

22'5 
195 
II'O 


) 


Brighton,  pier  It  Fr  35f. 

Shoreham,   Q]>*    21tB.  Nl^'E 
750f.  F  42f,  >  23f,  iTf 

"  Owers"  Itv.  B^.  n,  F38f. 
♦rgong  

Sdsea  BiU.  high  ho 

Chichester.  CSy,  Ch 

Portsmouth,  S«  R.  N.  Coll.,  ^X^ 
"  Calshot "  ltv,T  R  1«,  ♦,  gong 
Southampton,  St.  Mich,  spire 
Hurst,  2fts.  KSS'^E  750f.,  F  76f. 

Cowes  Castle 

"  Bembridge"  Itv.  T,  2  Its.  F 

38f.  gong   

St  Catherine's  Pt.  It.  F  i78f.  .. 
Needles  It  F  80f. 


1 


Cbristchurch,  QC,  N.  entr.... 
Poole,  B]'/,  Branksea  Castle 

St  Alban^  Hd 

Weymouth,  (E\f,  It  T'  23f. 

jetty  fort    

Portland,  2  Its.  NSS'W  lS09f. 

F207f,  145f. 

Bridport,  (0      entr 

ExTOouth,  C&7  

Torquay    F*  It  15f 


5049 
so  56 

50  570 

50  51-5 

50  44-4 
50  47 

50  49 
50  50-3 

50  40 

50  43-8 
50  50*2 
50  48-0 
50  48 

50  54*o 
50  42-4 

50  46*0 

50  42*2 

50  345 
SO  39-7 

50  43*9 

50  41-7 

50  35 
50  36-6 

50  31-4 

50  42-7 
50  37 
50  28 


I  17 
1  23 

o  43S 
36  o 

O    12-7 

o    4 
West 

o    8 

o  16*0 

o  40 

o  48-5 
o  467 
6 

16 

24*2 

3*7 
177 

o's 

17-7 
35'5 

44'? 
58-0 

3 

26-c 


26-7 


44' 5 

3  »3 
30 


Lat  N  Lon.W 


O 
< 

e 


I 


3 

S 


O 
2 

H 

e 


Berry  Hd.,  fl.  st 

Dartmouth,  S,  3  Its.  F 

Start  Pt.  It  Fl.  !•  204f..... 

Prawle  Pt 

Salcombe,  IS^,  Fort  Charles  ... 
Bolt  Hd.,  430f.,  fl.  St 

Eddystone  It  F  72f.    

Plymouth,  9,  Mt  Wise,  fl.  st 

brkw.  W.  end.  It.  F'.  bell 

Rame  Hd 

Looe  Id.  sum 

Fowey,  S,  C^astle 

Gribbin's  Hd.  beac.  3241  

Deadman,  379f.    

€rerran«  spire 

Falmouth,  9,  Pendennis  Castle 

St.  Antony  It.  I  20"  65f. 

Black  Hd.,fl.  st 

Muiacles,  sum 

Lizard,  2  Its..  F  N72*'E,  224f.  \ 
w  ■  one,  £v£t»    •.*••..«■.•....  I 

St  Michael's  Mt .^.... 

Penzance,  03,  It  pier,  F'at  lof. 

St  Leven's  Pt,  fl.  st 

Rnndlestone  beacon 

WolfS-    It  to  be   

Longship's  It.  F  88f.    

•*  Seven  stones"  It  v.  E-d.  io,  ) 

2  F38f.  2  ♦  gong j 

St.  Agnes,  It.  R  1»  138f.    

St.  Martin's,  Day  Mk 

St.  Mary's,  fl.  st 

Bishoprk.lt  F.  llOf. 

C.  Cornwall  

St  Ives,  CQ;',  Steeple  

Godrevy  Id.  J,  sum 

St  Agnes,  heme.  621f. 

Trevose  Hd.,  2 Its.  F  204f.  129f 

Fsdstoir,  10,  Ch 

Pentire  Pt 

Tintagd,  Ch 

Hartland  Ft.,  1,  330f 

Lnndj  R.  %  2)m.,  21tB.  I  2b  ) 
540f.,  F470f.   ] 

Bideford  CD,  or  Braunton  Its.  \ 

S70^E  933f.  F  86f.  40f.  ...  ] 

Mort  Pt 

Ilfracombe,  CQ7,  It  F^  lOOf.  ... 
Bridgewater,  Qu  or  Bumham, 

2  Its.  S70»W  3c,  I  4»  91f. 

F23f. 

Flatholm  I.,  S.  pt  10  F  156f.... 
''  English  and  Welsh  grounds"  \ 

Itv,  T,  R  1»  38f.  ♦,  gong,  j 
GreatHangmanHill,  lieOf.  .. 

Bristol,  9,  Cathedral  

Newport,  03,  Usk  It  F  39f.    ... 

Cardiff,  9,  Custom  ho 

Nash  Pt  2  Its.  N85  W,  F  167f 

Mumbles  It  F  IHf.    

Swansea,  03,  pier  Ic  F^  28f.  Tf. 

Worms  Hd.  1,  164f.     

Pembrey,a3,     ltF35f,Iof. 

CaldyI.,%lJm.S.pt.  It  F 
210f.  


50^24' 
50  21 
50  13-4 
so     12 
50  19-3 
50  13-2 


<»2X 

33 

38-5 

43 
48-0 

487 
50  ID* 9(4  i6-o 


50  a2*o 
50  ao* 
50  19 
50  26 
50  197 
50  19-1 
50  13 
50  10*^ 


50 
50 


8 

«-3 
o- 


49  57*7  5  "•« 


34 

4 
4 
4 
4 


74 


5 

65 


IO'2 

9'5 
13 

»7 

3«7 

40-2 

48 

587 

»7 
1-0 

6-5 

»7 


SO 

o 
o 
o 

9 
o 


) 


58'o|6  160 
9  5S*o6   19*0 
49  52-46  267 

o     7-7  5  4»*S 
o  12*85  26' s 

o  14*6$  H'o 
o  18-5  5  ij'o 
o  33     5    2 
o  32-54  56-0 

o  35"4,4  557 

0  39*84  45'5 

1  1-44  31-5 


l'^ 


28-5 
3»*5 


2-3  s  40*7 
1*1  5  40*2 

56-7  5  48  3 

41  5  447 

«    7 
53*66  207 


I  10*1 

I  4*5 

I  II* 

I  12*8 


I   15*03     0-0 


I    22' 
I    26" 


»3 
26' 

3» 
28 

34 
37 

34 

40 


5«  37*94  4«*o 


440-? 

4   I2'0 
137 

4    70 


63    7'o 

2  580 

3  59 
355 

597 
io*c 

33-0 

5«*? 
560 

20 
15-0 


•4 
6 

•c 

■c 

•«13 

4 
7I4 


3 


TABLE   10 


603 


MARITIME  POSITIONS 


(3) 


Places 


UtN 


St  Goran'i  Hd.,  142f.   

St  Ann'i  Its.  N41'^  6I0f.,  \ 

2P192f.  159f.  / 

Milford^ffi,  Ch.  

Pembroke  Dk.  yd.  NW  comer 

SmaUs  Sb-  NS  2c.,  It  F  65f.... 

GisBholm  I.,  ^  3c.,  sum.  146f. 

Bams^  I.,  NS  l|m.,  sam.  444f. 

'  South  Bishop  rk.,  It  R  20*  l^f. 

St  David's  Cath.    

StnunbleHd 

PreceUy  Top,  1754f.   

^  .  Cardigan  I.,  -Jf-  4c.  sum.  195f. 

r  I St^le 

>  Aberystwith,  CElV.  It  F,  Casde 
"  Cadcr  Idris,  3549f.  

Soowdoa,  3580f 

Bardaey  L,  ^  IJin.,  It  F  129f. 
Caernanron,  CSV*  It  F'50  f..... 
S.  Stack  It  R  If"  201f. 

Holyhead,  03,  It  F  44f.  beU  ... 

Skerries,  ^  iim..  It  F  117f.... 

Pt.  Lynas  It  FI.  lO*  128f. 

Beamnaris,  QQ 

Great  Orme's  Hd.,  It.  F.  325f. 
Pt.  of  Air,  It  F  42f .  bcU    

NW.  It  ▼.,T,  R.  36f,  ♦,  bell,  ) 

«.  It  erery  2"» : J 

Formbylt.  ▼.,  F,  f 


® 


HoTlske,  2  its.  SU"^  1200f.  \ 
F55f.,31f f 

BeD  beacon  


< 

O 
Z 

® 


Bidston  It  F  228f.  

Le8soweltF94f. 

'Blackrk.  ltR'««l-,beU.. 
.  Liverpool,  S,  St  Paul's  Ch. 
I ObservatoiT,  f  1>»  

Crosby  U.  F  95f.     

Fonnby  SE.  mark   

Rossellseamk 

Wyre,  It  F  30f  bdl    

Fleetirood,    CD' 

850f.  Nl 
Lancaster,  Castle 

Walney  I.,  %  7m.,  S.  pt  It  ) 

Ri-7otf' ; 

Black  Comb,  19I9f. 


.,21tsFS26°E 
850f.  NWextr 


) 


S.  pt..  Calf,  2  Its.  N21**W  \ 

!     560f.  R  2"  37&f.  282f. / 

Castleton,  It  F  22f.    

Douglas,  It  F104f.    

N.  pt,  Ayr  Pt,  It.  R'"  2">  106f. 
Peel,  It  F21f. 


5i*»35'»|4*'S5'5 
51  41*05  10-5 


51 

5» 


51  42-7 
51  41-8 

51  43*3 

5»  43"9 

51  51-7 

5>'4 
52-9 

1-7 
56-8 

7*9 
5-2 

52  24-9 

52  42*0 

53  4*1 
5*  45*0 
53  8-5 
53  i8*3 

53    20'0 

53  25'3 

53  a5'o 
53  i5'94 
53  ao'0  3 


Lon.W 


5 

4 

5 
5 
5 
5 

5 
5 

4 
4 
4 
4 
3 
4 

4 

4 

4 

4 

4 
4 


1*5 

57'? 
40*0 
287 
zo-2 
24-5 

16*0 

3*5 

46'? 

41-5 
39*5 

5"? 
54' 5 

4'5 
48-0 

24*7 
42 'O 

37-0 

36-5 
17-2 

5'? 
5*? 


W 


Places 


:) 


53  21*9  3  19*0 


53  »9'5 
53  31*7 

53  »37 

53  3i'a 

53  a4*i 
53  M-9 

53  *6"7 
53  24-6 
24*8 
31-4 

3»'3 
55*a 
57*3 


53 
53 
53 
53 
53 


53  55*6 

54  3'o 

54  a-9 

54  i5'5 

54  3'a 


St  Bees  Hd.  It  F  333f. 

Whitehaven.  03?,  2  Its.  S49''E  \ 

2JcR2«47f.  F  } 

Hanington,  CS,  pier  It.  F  44f.Tf. 
Workington.  CD,  2  Its.  N63<'£  ) 

1074f.  F  53f.  at  Tf.    / 

Maryport,  CD,  S.  pier,  F  52f. ... 


4"44 
4 


54 

54  90 
54  a5'o 
54  13*6 

54  30*8 

54  33*a 

54  36*7 

54  38*9 

54  43*0 


3  20'0 

3  xo*7 

3  ii*o 

3  »5-5 


47 

77 
27 

59*5 

O'O 

35 
4'o 

3'o 
17 


I'O 

2  48-2 

3  io*5 
3  19*5 


50*0 

39'o 

28*0 

22*0 
42*0 

38*0 

357 
34*2 
34*5 
30-5 


o 

SB 
■< 
•14 
H 
O 
o 
03 


Solway  Firth,  It  t.  P^  f,  bell... 

Carlisle,  Cath. 

Annan,       Ch.... 

Sonthemeis 

Ross  I.  PL  6»  176f. 

Barrow  Hd. 

Mnll  of  GaBoway,  It  I  3 

316f. 

Port  Patrick,  [S,  It.  F  38f. 
Corsewall  Pt  ltR«"2«  112f. 
Longh  Ryan,  BB,  It  F  30f.... 

Stranraer,  ESfJ,  Ch 

Ayr,  a3>«  3  Its.  S84'^  850f. 

F;Sf.F8F. 

Ailsa  Craig,  I098f.  

Pladdalts.  2F  130f.,  77f. 

Ardrosaan,  CQ;;,  It  F  

Irvine,  EH,  Ch 

Cumbrselt  F  115f.  

Greenock,  S,  s^re 

Port  Glasgow,  S,  basin  

Glasgow,  new  bridge    

Campbelton,  SS,  It  F  I2f.  ... 
MuU  of  Cantire,  It.  F  297f.... 
Ben  Tuirck,  I6l6f.  

Maol  Na  Ho,  Dun  Ard    

Rhinns  of  lala,  It.  on  Oersa  I. 


LatN  Lon.W 


54^/7 

54  53-8 
54  59*a 
54  5a'4 
54  46 
54  41 

54  38- » 


54  50-3 

55  o's\S 
54  58'5|5 
54  54*5.5 


'3«'7 
56 'O 

'5*5 
355 
5 
*3 

67 

9*5 

>7 

2*0 


55  »8    4  38 


PI.  5'  150f. 


Colonsay  I.,  ^f-  6m.,  N  pt. 
Oban,  S,  Church 


Lismore  I.,  -J^  9m.,  It  F  103f. 

Fort  WiUiam    

Ben  Nevis,  4368f.    

Dabh  Artach  rk 

lona  I.,  ^  3  m.,  W  pt  

I.  of  MuU,  Caliack  pt    

Ben  More,  3I68f.    

Skerryvore  rks..  It.  R  1-  150f.  . 

Tirey  I.,  -Jf-  llm.,  S  extr 

DubhSgeirRk 

CoU.  I.,^10m.,N&  Ept,rks. 

Make  Id.,  Innerah  Pt    

Rum  I.,  NS  7m.,  S  pt   

Wpt 


55 

55 

55 

55 

55 

55 

55 

55 

55 

55 

55 

55 


15-25 
a5-6l5 

3874 
36-84 


43 

56-y  . 
56-24 

5»'94 


25*0 
18 
34 
35 


Canna  I.,  -jf-  4m.,  W  pt... 

Skye  I.,  Neist  Pt 

Dunveggan  Hd 

Fladdachuan  Islet,  N  end 

Skeir  Grartich  

Ra  Honish    


Ru  Rea 

Ru  Coygach 

Rn  Stoer 

Handa  I.,  [l^™],  400f.  sum. 
Bulgie  I.,  [im.],  I46f.    

C.  Wrath,  It.  R"'  2m.  400f. 

Far-out  Hd.  ...' 

Roan  I.,  %  Urn.,  mid 

Strathy  Hd , 

iThnrso 

Holbum  Hd 

Dunnet  Hd.  It  F  346f.   ...., 
Duncansby  Hd 


55  40 

56  8    6 
56  245  5 

56  i7'5  5 
56  48    5 

56  48    5 

56    8    6 

56  187 

56  3646  19 


56  a5'5 
56  19-4 

56  26 

56  31-5 

56  415 

56  50 

56  56*2 

57  o 


7'o 
7-0 

50*5 

397 

.57-8 

45'? 

41 
x6 

355 
48 

34 
18 

3» 

9 
28 

36 

5 
o 

38 
267 


56 


57  3 
57  *5'2 
57  308 
57  44*8 
57  47*1 
57  4»*5 

57  5>'6 

58  6-5 
58  x6 
58  23-0 

58  327 

58  37*5 

58  36** 

58  33'3 

58  3<>c 

58  33 

58  35 
58  40-4 

58  39 


07 
7 

55 

2-7 

27 
i6'5 

i9'5 

27*2 

365 

47-2 

43 
26*5 

28 

21 

487 
26 

22 


5 

5  "7 
7 

59-7 

4)^ 
19-2 

9*5 
31 
3» 

3    « 


5 

4 

J 

4 
J 


604 


TABLE    10 


MARITIME  POSITIONS 


(5) 


Places 


8 


I 


Pentland  Skerries,  %    Um.,  ) 
Ite.  N  Pt.,  2F  140  f.  170f.  j 

Barra  Hd.,  It.  I  S-  680f. 

Barra  I.,  N  pt.  of  Fiaray 

Ens  Kay  I.,  NS  3m.,  S  end    ... 

5.  Uist  I.,  NS  17m.,  E  pt  ) 
Ushinish  It.  F^  176  f.  f 

Ru  ard  Vula,  W  p 

Monach  Is.,  £W  4m.  21ts.  Fl. ) 

aodF'  150f-&62f. j 

Haskeir  Is.,  N  Loch,  120f 

N.  Uist  I.,  EW  15m..  W.  pt.  . 

Berneray  I.,  J^  3m.,  N  pt 

Pabbay  I.,  EW  2m.,  S  pt 

Sca]pay,Glas  I.£W2im.lt.  F 1 30f 
Shiant  Is.,  Im.,  NW  one,  W  end 

Stornaway  It.  R  i"  56f. 

Chicken  Hd 

Tiumpan  Hd 

Butt  of  Lewis,  It.  F.  170f. 

Gallon  Hd 

Scarpa  I.,  W.  pt 

Rona,  I.,  SE  sum.  360f. 

Sulisker  I.,  S.  sum 

f?«nnen  Is.,  NW.  extr O 

St.  Kilda,  pk.  1220f.  

Rockal[2c](ark.  N73°E,l-7m.) 

Old  Hd 

Kirkness   

Grimness  Hd 

Bum  Ness   

Roseness 

MuU  Hd 

Kirkwall,         It.  F  22f. 

Brongh  of  Birsa,  Im 

Stromness,  m>*,  Ch 

Copinsha  I ,  ^  Im.,  mid 

Anskery  I 

Stronsa  I.,  ^  7m.,  Lamb  Hd. 
Sanday  I.,  J^  11m.,  Tresness... 

Start  It.  F'  lOOf. 

Taftsness,  pt 

N.  Ronaldsay,  I.  ^P^  3m.,  E  pt. 
'■    '  Stromness,  or  S.  pt. 

Runebrake  ahl 

MoulHd 

Nonp  Hd 

Saoquoy  Hd 

Stonr  Roray 

6.  pt  or  Brimnes 

Fsir  I.,  -Jf-  2m.  A,  j,  sum 

Sunbaivh  Hd. ,  It.  F  300f.     . . . 

MoQsa  I.,  4p  l^m.,  sum 

BardHd 

Lerwick,  S,  fort  

NossHd.  577f.    

Halaey  I.,  #  5m.,  6.  snm.  376f. 

Bmry  I.,  N.  sum.    

BnrraVoeNess   

Fetlar  I..  ^  6m.,  E.  pt 

BalU  [.,  NS  l)m..  S  pt    

N.  eztr.  outer  stack  rk 

Glonp  Holm,  3c  sura 

Uya,  orNE.pt  

Roeeness  hill,  1476f.  W.  end  ... 
Ossa  Skerry,  rks.  ^  4c 


Lat.  N  Lon.W 


58*»4i'2,2*55'o 


56  47-1 


57 
57 


4 
3 

57  i« 


7  39*2 
7  a67 

7  17*5 
7  "'5 


57  I4'5  7  ^TS 

57  3«'6.7  4>'7 

57  4a3  7  40*7 
57  36**7  33 
57  44   |7  11*5 
57  45".3  7  '45 
57  5»*4  6  38a 

57  54-5,6  *3 

58    11*56    22*2 

58  10-8,6  15  ■ 
58  i5'7|6  8 
58  30-86  15-7 
58  14-67  15 

58  1-77  10 

59  7*c|5  4S-5 
59  5*46  8.7 

37 

«  347 
13  41 

a  55-5 

a  54*5 
2  52*2 

2  51*0 

»  49*5 
2  42*0 

2  57-2 

3  20*0 

3  17-5 

2  40 
2  34 
2  J2*0 
2  28-5 
2  22*0 
2  25 

2  24 
2  26 
2  37 

a  53 

3  4'o 

3  4-? 


58  13 

57  49'o 

57  36 

58  44*3 
58  48*2 

58  49-4 

58  51-4 

58  5»"5 
58  586 

58  59-2 

59  «•» 
58  57-8 

58  54 

59  » 

59  4-9 

59  13 
59  i6'6 

59  i« 
59  a3 
59  ao 
59  a" 
59  a3-o 

59  2C*0 

59  12*0 


58  52'4|3  25-5 

58  46-4 

59  33 

59  5»*3 

60  o 

61 


60 
60 
60 


9'4 
8-3 


60  20 


60  25'7|o  45*0 

60  29*5  I  2'0 
60  36*20  46*0 
60   44-40   477 


60    51-5 

60  44'2 
60  37 
60  32 
60  33'o 


(6) 


Placet 


3«- 

X7'o 

II 

4-5 
87 

o'5 
o 


10 
I 
I 
I 
I 


52-5 

6-5 
26 

27 
35*5 


^ 


Lit  N  Um.^n• 


1 

6 

< 
Q 


Esha  Ness  Skerry    

Fugloe  Skerry  

Ve  Skerries,  -^  Im.,  mid. 

Skelda  Ness 

Fitfiel  Hd.,  929f. 


Foul  I.,  ^  3m.,  /<-  sum.  1369f. 

Monk  rk 

Suderoe  I.,  ^^1.,  S.  pt 

Grt.  Diamond  

Myggenoea  I . .  E  W4  m .  W  extr.  o 
Waderoe  I.,  ^  4 1.,  N  pt  ...O 
Fugloe  I.,  NS  2im.,  E  pt  ...Q 

Nalsoe  I.,  %  5m.,  S  pt 

N  pt    

Tborshavn,  hill  N  of  fort  ... 
Haldervig  Church 


6o0  28'5 
60  20*4 

60  22' 5 

60  8-8 

59  54 

60  9 

61  20 
61  25 

61  43 

62  6 
62  24 
62  20 

61  57 

62  3 
62  o'7 
62  i8*3 


Noss  Hd.  577f.  It  R4«  175f.  .. 

Ord  of  Caithness,  needle 

Tain,  CBif,  spire    

Tarbetncss,  It  I  3"  175f.   

Cromarty,  S,  spire  

Cromarty  Pt.,  It  F'  50f. 

Fort  George 

Chanonry  Pt  It  F  40f.   

Inverness,  S,  jail 

Burgh  Hd 

CoTersea  Skerries  It.  R  !•  ICOf. 
CuUen,  Castle  hill..*. 

Banff,  QTo,  N.  pier.  It  F'  80f. 

Troup  Hd.  pt • 

Kinnaird's  Hd.lt  F-'120f. 

Fraserburgh,  2  Its.  P  16f.  34f. 

Rattray  Pt 

Peterhead,  S.  a3'oS  Keith  Inch 

Buchanness  ItFL  5*  130f. 

Aberdeen,  OQ^i,  (Its.  SSd^'E,) 

690f.  FM7f.)  observ j 

Girdlcness,  2  lU.  Fj«t  f.  ^. 

Stonehaven,  Q£,  2  Its.  F*  24f.  \ 

Fetteressoe    •18f.| 

Montrose,  CQ^J,  2  Its.  S88°E 

910f.Ff60f.36f. 

RedHd.,  255f. 

Arbroath,  ED,  It  F'yAbbey 

Buddonness,    2  lU.   N49°W) 

1122f.F85f.65f.    / 

Port-on-Craig,  2  Its.   SSS^'E 

1321f.F80f.25f. 

Dundee,  ffi.  Its.  N80*^  390r. 

2  F'  12f.    

Ben  rk..  It  R**  2»  90f.  beR  .. 

St  Andrews,  03,  Ch 

FIfeness,  fl.  st    

May  I.  %  Im.,  2  Its.  S1*W) 
750f.F240f.  llOf. / 

Leith,    m.    pier  Its.   S22°E) 

1500f.  FlOf.  F'  / 

Edinburgh,  Obs 

Inch  Keith  It,  R  1"  220f. 

N.  Berwick,  Ch 

Bassrk 

Dunbar.  QD,Ch 


'3/? 
45-0 

49 
28*0 

24 
6 

41 
41 

40 

37 
3' 
»3 
39 
39 
45*? 
8 


) 


) 
) 


8  28    13    4 

8    XO*2  2   31*0 

48-74  3*a 
50-9  3  48-5 
40-74  O'O 
41*04    2*0 

35*14    45 

34' 5  4  5'5 
28-64  135 

42-1  3  30-0 

43*4  3  ao| 
41-42  49-5 

40-32  3i'5 

41-72  17-? 

41-72  1-5 

41*92  0*0 

37    !«  49 
30-1 1  46-0 
I  46 


28 
8*9 


8*22 


6  58-0 


57 

3*o 


2  127 


6  42-51  tS-o 
37    |»  »9 


6  33*7 
6  a8*i 

6  ay 


a  35^ 
a  45^ 

a  49 


6  27-62  srj 

6  26*0.2  23*0 

6  20*42  4r5 
6  16-72  35'o 


6  in 


5  58*9 


5 


57-4 
2*0 

3'4 

4*7 


a  33*1 

3  W5 

3  ii-o 
3     8-0 

a  43*1 
38-2 


5  59*9ja  3»*o 


*  Bj  BIr  L.  M'Cliatock's  ob.-erTations  in  z  860  the  longituacs  of  the  Faem  Is.  ihould  be  about  rmnrv  to  t*w 
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MARITIME  POSITIONS 


(7) 


Plaoei 


St.  Abb'i  Hd.,rig.  at 

Eyemoath,         Ch 

Berwick,  ES'^;,  It.  F  44f.  F%  lof. 
^—^  Spire 


Holy  I.,  Castle 

Fame  Is.,  2  Ita.  NSG'^W  560f. ) 
RSO-,  87f.  P45f. ] 

Longttone  It,  R'SO*  75f.    

Chenot  hill,  2658f.  

N.  Sunderland  Pt.,  mill  

Coqaet  I.,  It.  F  83f.     

Plyth,  ml.  It.  S.  2  F   

Tyoemouth,  It.  R  I"  154f.  Castle 

N.  Shields,  m,  Ch.  

Newcastle,  bridge,  N  end 

Sunderland,  QQ,  N  pier  It.  F. ) 

SpierF,  SE.  Ch J 

UarUepool,  (B\f ,  pief  Its.  P, ) 

P.Ch.     ] 

Seaton,  EQ,  high  It.  F  fe9f:  

Tees  River,  entrance    

Stockton,  Ch 

Redcar,  Ch 

Whitby.  QQ,  It.  F  83f.  

Scarborough,  OS,  It.  F  58f.    .. 
Flsmborough  Head,  IL  R^t) 

2-214f. j 

C  Bridlington  Qnay,  MiU,  ^l    .. 

Hull,  aa,  citadel   

KiUinghokne,  3  lU  Ner^'W,  i 
outer I 


< 

3 

Z  \ 
'A 

® 


Spurn  Ite.,  N66°W           2F ) 
93f.r  54f.  ( 

"Spurn"  It.  T.,»,Rl-38f.i 
♦•Jong  j 

Inner  Dowsing,  beac 

*  Dudgeon"  Itv.  i,  F  38f.  ( 

♦.gong  ) 

*'I^mon  and  Ower"  It.  v.  t 

i«,  R  1-,  F,  2  ♦,  gong ] 

Smith's  Knoil,%  7m.,  T,  S  pt. 
**  Lynn's  WeU"  It. v.,  m,  1  R,  I 

35f.  t,  gong  ] 

Hunstanton  Pt.  It.  P  109f 

Cromer  It.  R  1- 274f. 

"N,  Hasborough."    It.    v.,) 

N-d.,  n,  2F38f.  t,  gong    ) 
Hasborough  Its.  N71''W  ^m., ) 

2P137f.  lOOf.  j 

Winterton,  It.  F  

"  Newarp  "  It.  v.,  3F  gong  3t  . 
"Cockle"  It.  ▼.,  E-d,  f,  R) 

1"  36f.  f.  gong ] 

Yarmouth,  CQ.  spire 

Lowestoft,  2  lU.  N28  W  5c.  1 

F45f.  119f.  f 

"St  Nicolas  Gat"  It.  v..  N-d,  \ 

10.  2F  38f.';j4f  •  ♦,  gong,    j 

Corton  It.  T.,  15,  R«  gong 

Ptkefield  It.  F'68f.  Kessingland 


Lat.  N 


55^55' 
55  5*-3 
55  46'^ 
55  ^5'^ 

55  4o*i 

55  37-0 

55  387 
55  a9 
55  34-7 
55  aoi 

55  7-5 
55  «-3 
55  07 
54  587 

54  54*5 

54  4i'« 

54  40- 3 
54  37* « 
54  34  c 
54  369 
54  297 
17  o 


54 
54 


7*o 


54    5»o 
53  44-6  o 


53  387 


53  347 

53  340 

53  i8'4 
53  »5*a 

53     8-5 

52  48 

53  17 

52  571 
5»  557 

5»  580 

5»  49'4 
52  43-0 
5*  45'4| 
52  41-6 

52  36-8 

52  29-3 

52  3r2 

$2  31*2 
52  24- 7 


Long. 


West 

2**    8' 

»     55 
o-o 

59 'o 
47-0 

39? 

365 

9 
38-2 

32*1 

30-0 
25*0 
267 

35-5 
zvs 

107 

12*2 

8-7 
187 

3*5 
367 

23-5 


50 

117 
200 


O    12*7 

East 

o     7-2 

o  13-5 


o 
o 

2 
2 

o 

o 
1 


33? 
56a 

15 

25"0 

»97 
190 


I  357 

I  32*0 

I  4i'o 
I  527 

I  47-0 
'  437 
'  45*5 

»  47 

I  50*2 
I  43-8 


(8) 


Places 


3 

a 

&5 


Q 
< 

'A 

e 


5 


Q 
< 

d 


Southwold,  Ch 

Alborough,  steeple     , 

Orfordness  Its.,  N36°E  7*2c.  ) 

2F83f J 

Orford,  steeple    

Landguard  Fort 

Harwich,  03?^,  Its.  N62*»W) 

680f.  2F45f.  25f.  f 

Walton,  tower 

Ouler  Gabbard,  NS  2  m.,  N  i 

pt.,  buoy  no  « ) 

Inner  Gabbard, -qP- 5m.,  buoy, ) 

blis.  5  I 

"  Galloper,"  #  5m.,  It.  v.  | 

Pr-d.ofSend,ri2»2F36f.  f 
*'Ship^ash"  It.  v.,  N  pt., ) 

oF38f.  ♦,gong f 

••Cork"lt.  V.  4i,  Ri-38f. 

gong 

"Kentish    Knock"    It.   v. 

E'd.  12,  R38f.  2t,  gong 
**  Sunk  "  It.  v.,  E  pt.,  n,  F 

36f.  ♦,  gong     

**SwinMiddle"lt.  v.,Wpt. ) 

4  R  1- 38f.  ♦,  gong  J 

Maplin,  SE  pt,  F'36f.  bell  ... 
••Mouse."  It  V.  SW-d,  J,  ) 

R38f.»gong f 

Nore  It  v.,  see  (1)1 

Cape  Clear,  I.  ^  3m.,  SW ) 
point    j 

Fastnet  rk.,  92f.  It  R  2"  148f 

Crookbaven,  Q],  N  entr.  It ) 

F67f.  { 

Mizen  Hd 

Sheep  Hd , 

Bear  Haven,  S,  Bear  I.,  sum. ) 
gg7f^    f 

Hungr^  HiiLisif!.!.*.".*.*.*.. '!.'.. 
Bantry,  Ch , 

Roancarrick  I.,  It.  F  55f. 

Calf  rk.,  It  Fl.  15 sec.  136f.... 
BuUrk 

Cod's  Hd 

Scarriff  I.,  summit , 

Bolus  Hd 

Skelli^,  21ts.  SIS^'E  650f.  \ 
F372f.,  173f. j 

Bray  Hd 

Valentia,  S9,  Cromwell's ) 
Fort.  It  F54f.    f 

Great  Foze  rk 

Tearaght  rk.  It,  building  

Grt  Blaskett  ^  3m„  N  pt... 

Brandon  Hill,  3126r. 

Tralee  Lit.  Samphire  I.,  It ) 
F56f.  J 

R.  Shannon,  ffi,  Kerry  Hd.  ... 

Tarbertlt,  F  58f. 

Limerick,  S>  Cathedral 


UtN 


52°i9'7 
52  92 

_) 

52  4-8 

52  5*7 
51  56-3 

51  55-8 

51  518 

51  58-5 

2 

51  56-1 

51  450 

5»  >'5 

51  55*8 

51  40-4 

51  49'5 

5"  39 

51  35 

SI  31-8 

I  25-3 
I  23-3 

I  28-6 

I  27 
«  3a'5 

I  37'5 

I  41 

0  40*8 

1  392 

I  34 
'  35*4 

I   39-7 
I  43-6 

»  47 
I  46 

I  53 

1  55  8 

2  1*2 

a     3 
2     6*7 

2  14 

2  16-2 

2  25-3 

a  35-5 
2  40 


Long. 


East 
407 
36-0 

34-2 

32-2 
19-2 

i6*7 

17-2 
3'5 

53-8 

557 

377 
23-2 

40'2 

3»*5 

7 

4 

0'2 


West 
9  3' 

9  362 

9  422 

9  49*5 
9  5''2 

9  51? 

9  47*5 
9  a7'? 


9  447 

10 

lb 

10 

18 

ID 

6-2 

10 

»5'5 

10 

20*7 

10 

33 

10 

26 

10  19-0 

10  41*2 
10  39 
10  31*2 
JO  15 

9  5*7 

9  S^'S 

9  a«7 

•8  37-5 
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MARITIME  POSITIONS 


(9) 


Plaoei 


1 

3 


Lat.  N 


Q 

< 
-4 

fli 


3 


KUcradan  It.,  F' lS3f.    

Loop  Hd.,  It.  F  277f.    

Ballard  Pt.,  Tower 

HagaHd 

Axran  Is.  Beragh  l.,lt.  R3iii. ) 

U5f.    J 

—  Iniahccr  I.,  It.  F  llOf.  ... 

Black  Hd 

Galway,  9,  Mutton  I.,  It.  2 

F33f.  } 

Skird  rks.,  Im.  Skirdmore    ... 
Slyne  Hd.  21U.  SIS^'E  4i5f.  ) 

R«",  2-l26f.,  F115f.  ...  j 

Inishark  Hd 

Clare  I.,  N  pt.  It.  P  340f. 

Inishgortlt.  P  36f. 

Weatport 

Newport,  CS    

Bills  rk 

AchU  Hd..  2222f.pt 

Black  rk.  It.,  R  i"  283r.    

Eagle  I.,  2  Its.  mrE  395f.  I 

F220f.     J 

ErrisHd 

Stag  rks.,  Nst 

Downpatrick  Hd 

Killala,  IS    

Ballina,  Q],  spire     

Sligo  Black  rk..  It.  F  7«f. 

Innifl  Murray,  I.  W  end    

Ballyshannon,  GQ',',  Ch 

Donegal,  HI"  

St  John's  Pt.  Killibegs  It. ) 

F98f.  f 

Rathlin  O  fiime  Is.,  It.,  F.  \ 

116f.     f 

Dawros  Hd.,  pt 

Aran  I.,  Rinrawros  It.  Fl.  233f. 

Stagrks 

Bloody  Farland  HUl,  1059f.  ... 
Tory  I.,  ^  2*5m.,  It.  on  N  ) 

AWpt.  F125f. ) 

Horn  Hd.,  E  sum.  824f.    

Melmore  Pt.,  tower   


< 

II 


1^ 


52  33-6 

5»  44 
5»  57 

53 


53 
53 


9 

2-8 
9 

53  i5*» 

53  15*3 

53  *4*o 

53  36 
53  49*6 
53  49'S 
53  48 


Lon.W 


9%»'5 

9  56 

9  37 

9  2S 

9  5«-5 

9  3'-7 

9  16 


9 
10 


3-2 
o 


(10) 


Placet 


Limebumer  SU 

Fannet  Pt.  It.  F*90f. 

Buncrana,  S,  Ch , 

Ounaff  Hd , 

Malin  Hd.,  tower  

Innistrahul  It.  R  2-  167f  

Slieve  Sneacht,  2009r.    

Tnnishowen  Hd..2  lts.S62''E ) 

460f.  F67f. j 

Londonderry,  03,  Cathedral  ... 

Portmsh,  Qjff,  pier    

Giant's  Causeway,  pt , 

Rachlin  I.,  2  Its.  K.  ey.  min. ) 

243f.  F182f.  J 

Pair  Hd.,  sum.  643f. 

Torr  Pt,  rk , 

Knocklayd,  Mt,  1675f. 

Maiden  rks.,  2  Its.  N84'^ ) 
1920f.,  W  It  F  94f.  84.f.    f 
Black  Hd 


33 
53 
53 
54 

30 

53 
58-5 

4 

54 

17 

54  i8-5 

54  a» 

54  196 

54  " 
54  6-6 

54  >8-5 
54  »5*7 
54  30*2 
54  39*5 

54 

34*' 

54 

30-7 

54  49"6 

55  o*9 
55  4-6 
55  8» 

55 

165 

55 
55 

12-5 

152 

55 

18 

55 

55 
55 
55 
55 
55 

16*6 
81 

17-1 

22*8 
25-9 
12 

55 

13-8 

54  59*6 

55  "*4 

55  «4-7 

55 

17*6 

55 

55 
55 

i3'3 
ir8 

9*7 

54  55« 

54 

46-1 

10  14*0 

10  18 

9  59 

9  40*2 

9  31 

9  33 
10  127 

10  15*2 

10  19*2 

10     5*5 
10    o 
9  47'7 

20'7 

'3 
95 
37 
8  40 

8  117 

8     7 

8  »r5 

8  50 

8  34'o 

«  335 
8  29*0 

8  157 
8  15 

7  57'a 
7  47*a 


9 

9 

9 
8 


7 

7 
7 
7 
7 
7 
7 

6 

7 
6 

6 


6 
6 
6 


48 

377 
27.2 

32 

22*2 

'37 
20 

55-5 

195 

39'* 
307 

IX'7 

87 

35 
15-2 


5  44? 
5  4«? 


Q 
Z 
< 

mi 

e4 


® 


Lat.N 


3 

•«5 


Q 
Z 
< 

M 

e4 


o 


54 

54 
54 
53 
Si 
53 

53 

53 
53 
53 
53 
53 


Carrickfefvus,  COS  S4* 

Belfast,  \S^f,  spire 54 

Divis,  Mt  1800f.   54 

Copeland  It  F  131f.  S4 

Donaghadee,  QOf^.  It  Fr  56f. ...  54 

S.  Rocks  It  R  l\*  52f. 54 

Ardglass,  tfl]5.  It  Fr  54 

Downpatriclc,  9,  Cathedral  ...  $4 
St  Johns  Pt  It,  r  i-  62f.    ...  54 

Slieve  Donard,  2796f.    54 

Carlingfoid,  !S»,  It  R  45*  29f.  54 
Block  l)0U8e  I.,  2  Its.  F  10 If. 

F,  tbell  

Ncwry,  Ch 

Dandalk,  I23>/.  It.  Fl.  15*  33f. 

ClogherHd..  pt 

Drogheda,  [Q>«.  3  Its.  !P,  bridge 

Balbriggan,  iS'J,  It  F  42f. 

Rockabil  Is.,  2  rks..  It  Fl.  12* ) 
148f.     ) 

Lambay  I.,  sum 

Howth  Bailey  It  F  134f.  

Oablln  Observatory   

Poolbeg,  2  lu.  F .' 

Kingstown,  a,  Bit  R'',  'i"41f. 

KishltY.  Ar/»/.io,R.ev.min.  1 
38f.,»,  gong   J 

Grt  Sugar  Loaf,  1651f. 

Codlingbank  lt.r.  i  Rr20'39f.  g. 

Wicklow  Hd.,  It  I.  13  sec. 

Arklow  N  lt.v..  2  Its.  F  38f.  22f. 

S  It.  v.,  R  39f.  gong 

Wexford  College,  tower... 

Blackwaterbk.  It  v.  F33f.gong 

Tuskar  rk.  It  R**"  2-  lOlf.  bU. 

Cam  sore  Pt 

Saltees,  or  Cunnibrg,  It  ▼. ) 
Sd.,  30,  2  F  38f.  f  gong  .  f 

Hook  It  F152f.     

Waterford,  m»S,  bridge 

Duncannon  fort,  2  Its.  F,  vert ) 
lOf.  dist f 

Dun  more,  03,  pier  It  F*  44f. ... 

Brownston  Hd.  102f.  2  tow. .. 

HelwickHd 

Dungarvan,  Ballinacourtypt  \ 
It  F52f.  w J 

Minehead  It  In.  1-  285f.  

BaUyoottin  I.,  It  Fl.  10*  195f. 

Youghal,  ffl.  It  F.  78f.  

Roche  pt.,  2  lu.  RF^  92f.  60f. 

Haulbowline  I.,  tower   

Cork,  Custom  house 

Barry  Hd 

Charles  fort,  11.  st  It  F  98f.... 

Kinsale,  S,  Old  Hd.  It  F  236f. 

Seven  Hds.,  Telegr. 

Galley  Hd..  S  pt   . 

Stags,  off  Toe  Ud.,  large  rk-... 


Long. 


43'5 
364 

367 

417 

38-6 

23-9 

"5*4 
19*6 

13s 
IO-8 

2*0 
1*2 

io*6 

o'S 
47-6 
42*8 
368 

35« 

29*6 
217 

23*2 
20*5 

l8'2 


West 

5°48'5 

5  56? 

6  1*0 

5  3«*» 
5  3'7 
5  *5-o 
5  360 

5  43*0 
5  39*5 

5  55? 

6  77 

6    47 


53  «9o 


53 
53 
5» 
5» 

5» 
5* 
5» 
5* 
5* 


9» 

4*5 

57*9 

53* 
40*8 

20*1 

30*2 

12*1 

io*3 


5»    »*3 


5» 

5» 


7*4 
16 


5*  137 


5a 
5* 
5a 


9 
7 
3 


5»    47 


5» 

5' 
5> 
5> 
5» 
5> 
5> 
5» 
5« 
5» 
5« 
5* 


59"  5 

49*5 
564 

47*5 
50-5 

53-8 
421 
41*8 
367 

34*» 
318 

281 


Baltimore,  CS 51  29 


Dunkirk,  CQ,  It,  R,  1-  194f. 
Nieuport,   QC.   It    F*    96f. ) 

(^fWofTown)  I 

Ostend,  ES,  4  Us.  E  one  F,  189f 


51     3-1 

51     8-6 
5'   »4-3 


6 
6 
6 
6 
6 


197 
24'c 

»5 

107 


6      0-2 

6    I'o 
6    30 

6  20*5 
6    9 
6    7-5 

5  56-5 

6  9  ? 

5  45*5 

6  CO 

5  50'» 

5  57* 

6  282 

4*5 

12'2 
217 


6 
6 
6 


6 

6 
7 
6 

6 

7 
7 


40*0 

557 
6 

565 

59 

7 

3» 


7  33* 


35» 

59 
50-2 

I5'2 

18*3 
8  277 
8  a3? 
8  197 
8  32 

8  4*7 

8  57'0 

9  >3'5 
9  22 

East 

2  22'0 

a  44 
2  56- z 
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MARITIME  POSITIONS 


(11) 


Places 


) 


® 

a 
z 

o 

3i 


Lat.  N  i  Loa.  £ 


(12) 


PUoes 


M 
It 
■< 
% 


Blankenberg,  It.  F  44f. 

H<78t,lt.  P  48f.  

Flushing,  QD,  It.  F  49f.... 

W.  Kappd,  It.  F  144C  ... 

Middelbiirg 

Scfaouwen,  W.  end  of  I.,It. 

R,2"105f. 

Bergen  op  Zoom,  Cn 

(3oedcieede,  It.  on  Ch.  F  148f. 

Antwerp,  S,  Cath 

HdToetBlnys,  It.  F  46f.    

BrieDe,  CD,  Ch. 

Rotterdam,  03,  (^th 

1^  Hague,  St.  James'  Ch.  ... 

Scheveningen  It.  F.  95f.    

Katwjk,  Coast  It.  F  82f.  

Nonlwyk  It.  F  66r.    

fL}\rmnmmKf , 

Zandvort,  It.  F  56f.  

Egmont  Its.  2P  125r,  120f.   ... 

KykdDwn,lt.F161f.    

Hdder,  9  

Texel  I.,  ^p-  Ilm.  W^.  pt 

Medemblik,  Ch 

Marken  I.  It.  F  52f. 

Amsterdam,  ffi,  W.  steeple  ... 

Haarlem,  Ort.  Ch.  tower 

Lejden,  Obserr 

Vfielandlt.  F  151f.  

Ter  ScheUing,  U.  R  1"  177f.... 

Ameland,  boic  

Schiermonik,  2  Its.  F 

Rottom  I.,  beac    

Borcnm  It.  F.  142f.  

Bmden,  Hotel  deVQle 

Wangeroog,  I.  /.  It.  R  1"  63f. 
BteoMT  or  Weser  It.  t.,     11. ) 
F  28f.  ben,  gms    j 

Bremen,  Obsenr 

Helgoland,  I.,  It.  F  258f. 

Elbe,  outer  It  Y.rfl.F  38f. 

11,  bell,  gnn    

inner  It.  y.  F^  24f.  bell... 

Eider,  It.  ▼.  F  35f.  bell,  gnn.f 
Newark  I.,  2  Its.   %  }m., 

F128f,  60f.    

C^izhaven,  It.,  F80f. 

Ghickstadt,  pier  It  P  24f> 

Altona,  Obserr 

Hambm^ 

Horn  Pt,  rf.,  outer  shl.  i 
Hantsholmen  Pt.,  lt.RlB218f. 

Harshalls  Nist    

The  Skaw  pt,  /,  It,  F  69f.  ... 
Hirtsholmen,  It,  I  30*  43f.  .  . 

Fladstrand,  Ch 

NiedingeriylU.,  2F  66f.be]l 

Trindelen,ltT.,i9£.  F,31f.bell 

LsHOe  I.  -J^  10m.,  Byram  Ch. 

Anholt  I.  E.  pt,  It,  I    4B\ 

122f,    } 


510  i9'o 
51  20*4 
51  s6*4 

51  31-8 

51  30'o 

51  42*6 

SI  197 
51  49-» 
51  iy% 
51  4'9-2 

5'  54'? 
5'  55*3 
5»  4' 3 
56    6-3 

51  Ift'O 

52  14-6 
52  37'9 
52  22*3 
52  37-2 

52  57' I 
52  57-7 

52  46-4 
52  27*6 

52  22*5 
52   22*9 

52  9-5 

53  17-8 
53  ai*6 

S3  a7"o 
53  *9*3 
53  3a*o 
53  35 
S3  22*1 

53  47'^ 
53  49 


3' 
3 
3 

3 

3 


) 


! 


'   8'o 
14*2 

347 
27*0 

37-0 


3  4«7 


4 
3 

4 

4 

4 
4 
4 

4 


17*5 

58-5 
24-2 

8-0 

lO'O 

29-5 

i8*7 
i6'5 
4  »37 
4  26*0 

4  45*? 

32'0 

38 

4  43-5 
4  45'o 
4  4* 
6-5 
8-7 
53'? 
38-5 


4 
4 


5 

5 

4 
4 


4  *9*5 


3*7 
13-2 

5  4a*o 

6  10*0 

6  32*0 
6  40 

ii*7 

54 

8 


5 
5 


53  4*6 

54  '0-8 

54  o'o 

53  58-8 

54  W7 

53  55'i 

53  5a'5; 

53  47'' 

53  3a*7 

53  3»-8 

55  35 
57  6-8 

57  35 

57  43*8 

57  *9'» 

57  ^ro\ 

57  19    I 

57  aS'^ 

57  i5'4 

56  44*3 


8  49*0 

7  53*0 

8  180 

8  26*0 
8  35-0 
8  30*0 

8  43*o 

9  »4'5 
9  56-5 
9  585 

7  40 

8  36*2 

9  55 
10  36's 
10  37-5 

10  337 

"  53 

11  16 

II    0*9 
II  39-? 


M 

S 


< 

D 


e 


ce 

D 


1 


UtN 


Knobens  It,  F  26f.,  is,  fl.  bell 

Hesaelo  It,  R  1*  87f.    

Aalborg  

Forenas,  It,  I  i"  69f.   

Aarhns,  Calii 

ThunSe  I.  It,  F  lOOf.   

Baagoe,  It,  S.  pt,  F.  39f.... 

Apenrade 

Assens,  Ch 

Flensburg    

Sioellands  rf.,N.  and  W.  pt . 

Kyholm,  It,  F  58f.   

Refonoes,  It,  F  65f.  

Sprogo,  It,  R  15*  91f. 

Nycborg,  It.  F     Ch 

Fakkeberg,  It.  S.  pt  Lange- 

land,  F  129f.  

Spodsbiei^,  It  F  123f. 

Nakkehoved,  2  Its.  N89'^ ) 

P147f.98f. ) 

Elsineur,  Kronborglt  F  llOf. 
Copenhagen,  S,  Univeisity.... 
Steffens  Klint,  It  R  4"  144f. 

Moen  I.  E.  pt  It  F  82f.  

Giedserodde,  It  F  66f.  

Trindelen,  shl 

Kiel,  Obsery 

Marienlenchte  It.  R  i"  94f.  ... 
Staberhnk,  S.  &  E.  pt  of) 

Fehraem  I j 

Lubeck,  St  Mary's  Ch 

Wismar,  St  Mary's  Ch 

Wamemonde,  It  F   58. 

Rostock  

Dars  Hd.  pt21U.Rl>10Bf.F 

Stralsnnd 

Arkona,  It,  F  202f.  

Bergen,  Ch 

E.  pt  of  Rugen  I 

Oriefswaldoe  It  2  Its.  F  Tert... 

Swinemiinde,  It,  F  38f.    

Stettin 

Colberg,  fort  

Jershoft  It,  R  2'"  160f. 


56''45'7 

56  117 

57  «7 
56  267 

5«    9*5 
56-9 

177 

2-6 

i6m 


55 
55 
55 
55 


54  46*9 


Hdalt  R  J"  120f.     

Rixhoft,  It,  F  22Cf.  

Neufahrwasser,  It,  F  75f. 

Dantzig,  Obsenr 

Pillau,  03,  It,  F  92f. 

Konigsberg,  Obsenr 

Brusterort,  It  R  4"  142f. 

Memel,  IE,  It,  F  98f.    

Libau,  m,  Pilot's  Tower 

Windau,  Cb 

Lyserortlt  RIJ"  127f. 

Domesness,    2    Its.    S'S'W't 

ireyds.  86f. j 

Runo  I.  It  F  74f. 

Riga,  m,  (Its.  2F  {f  .)  Cath. 

Pemaa,  Germ.  Ch 

Arensberg 

Svalferort  It  (Esel  I.  S  pt. ) 

F120f.  

Filsand,  W.  pt  of  grt  Id^ 

R3«  \27i 


5« 
55 
55 
55 
55 


Lon.  E 


5 

S6"o 

447 
20 

187 


II 

II 

9 
10 

10 

10 

9 

9 

9 

9 
II 


«50'7 
43 


54  44*4 

55  58-6 

56  7-2 

S6   2'2 

55  4«a 
55  »8 
54  57 
54  33*8 

54  30*5 

54  19*5 
54  197 

54  a4 


53 
53 
54 
54 
54 
54 


54 
54 
53 
53 
54 
54 


55 

57'5 
13*0 

27*0 

48*0 

25-? 

537 
26*1 

15 

10  407 

10  $%'$ 
10  58 
10  477 


10 

II 

12 

12 
12 
12 
12 
II 

12 

10 
II 


42*0 

S2'0 

21*0 

37*5 

347 
27 

33 
58-0 

4 

9-0 
14-3 


II  19 


S2'I 

53'5 
107 

5-5 
286 

183 

54  40'9 

54  a5'5 
21 

'I'' 

SO'o 
25-1 
io'8 
32-s 


54  3^'' 
54  49*9 
54  »4*a 
54  ai'3 
54  38-4 
54  44*8 

54  57-6 

55  437 

56  309 

57  *3'9 
57  34 

57  45** 

57  48 

56  57-0 

58  ^y^ 
58  151 

57  54-« 

58  23 


10 
II 
12 
It 
12 

»3 

»3 

»3 

»3 

'3 

H 

14 

15 
16 

18 
18 
18 
18 

19 

20 

'9 
21 

21 

21 

21 

22 

23 

22 
22 


41-5 

»77 

57 
9*0 

30-5 

26*2 

28*0 

48 

557 
i7'o 

34-0 

35 

33-0 

49*? 

20*5 

40-2 

41-2 

540 

30-3 

59'? 
6-2 

o 

34-0 

44 
37 
16 

6-5 
30 

30 
5 


«  5« 


508 
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MARITIME  POSITIONS 


(13) 


Flaoes 


1 


Dagerort  It.  5m.  Ed.  of  pt. 

P328f. 

Winkova,  wliite  beac.  ? 

Odensholm  It  F  lOlf.    

Packer  Ortlt  F  155f   

Suroplt  F  136f.    

Nargen  I.  It.  N.  pt.  R  l~136f. 
Revel,  2  Its.  S'^'^E',  F  258f.  ^ 

166f.  St.  Olaus  Ch 

Wolf  beac 

Kokskarlt.  F  lOlf. 

Ekhobn  It.  F  lOlf. 

Stoneskar  beac 

Rothskar  I.  It.  R  I"  74f.... 

Little  Tiouten,  W.  pt.  

Great  Tioutera,  E.  sum. 


! 


Ut.N|Loii.  E 


S^  56  2 


22 


59 

59 
59 
59 
59 

59  26*6 


18-3 

»3*5 

27*9 
36-4 


22 


(1*) 


Places 


59 
Hoglond,  %  6m.  N.  pt.  2  Its.  1 

S^yW'0  6m.,  F  388f.  37f.  i-  60 

lower   J  I 


59  35 

59  4*0 

59  41 

59  49' 5 

59  58*a 

59  50*0 
51*0 


47 

x8 

23  23*0 

24  % 
24  23-? 
24  32-0 

14  47 

24  48 

25  a 

*5  49 

26    21 
26   42*0 

26  53'o 

27  14-5 


JmLV 


uatu  E. 


«-3 


Lavenskar  I.,  N.  pt 

Peni  I.  E.  pt 

Seskar  I.,  NW.  pt,  It  F  88f. 

C.  Kolganpia,  Ch. 

Dolgol  Noss  pt 

Tolboukhin  It  F  95f.    

London  shl.,  It  y.  3F   

Kronstadt,  S|  St  Andrew  Cb. 

Elagbin  Chan.  It  y.,  F  16f. 

Ship  Chan.  It  y.  F  57f  ... 

St  Petersburg,  Acad.ofScien<^e 

PooLKoyA,  OasBRy.    

Styraudd  Hd.  It  F    

_j  Biorko  I.,  S.  pt  tow.  ., 
~  Grekova  rk.  beac.  

Wiborg   

Aspo  beac 

Nenra  tow. 

Sommers  I.  It  F  84C     .. 

Lippu  I.  beac 

Fredericksbamm    

Lovisa,  9  

Orrengmnd,  beac  103C.. 

GrtPellinge,  or  Glosholmlt  R 

Soderskar  tow.  pilots,  It  F  Fl 

KnlllMidenlt  F  

HeUingfors,  Obserr 

Syeaborg 

Ronskarlt  F  172f. 

Jussari,  pUot's  ho , 

Segelflkar,  beac 

Hangolt  R3»101f. 

Abo,  Obaery 

Uto,  It  F130f.  

Bogskar  

Lagskar,  It  F  lOOf. 

Nyhamnbeac .. 

Hogsten  beac... 

Enskarlt  F  152f. 

Nysted 

JLoko  beac 
Sabbskar,  beac 
-     Bjomeboi^ 

Tomgrund  beac , 

Christinestad  , 

Storkalle  shl.  S.  pt.  «f.    ..., 

Moikepaa  beac , 


60 
60 
60 

59 


-2 


a'3 

2*1 
50-9 

59  54*8 

60   2'6 

60 

59 
59 
59 
59 


0*0 


59*7 
58-3 
55*3 
56-5 

59  463 

60  Xl'O 

60  157 
60  xi'6 
60  427  28  46 


36  58<^ 

27  51-0 

28  s'c 
28  23-5 

28  347 

29  0-5 
29  340 
29  32-5 

29  46 

30  10-5 
30  X07 

30  i8'4 
30  197 

29  2 

28  43- 

28  42-5 


, 


60  X77 


27  X3 


60  i4-8,27  585 
60  12*4' *7  3 9' 5 


60  X4'3 
60  34 

60  27*6 
60  i6'6 

Xf2 

6-2 

59 
9*7 


60 
60 

59 
.3o 
60 

59  56 
59  49'7 
59  46 

59  46-0 

60  27*0 

59  46-5 

60  4 

59  50*5 

59  58 

60  21 

60  43 
60  47 

60  56 

61  277 

61  29*0 

62  i3'o 
62  i6-2 

62  45 

62  54*o 


27  3"o 

27  12 

26  x6 

26  27-^ 

25  50 

25  24 

»5  37 

*  *4  577 
8'4|24  597 
24  24 

»3  34 
23 

22 


22 

57 

I7'5 

22 

55 

55? 

57 


22 

21 

20 

19 
19 

»9  *S 
21  a 

21  24 

21  9 

21 

21 

21 

21 


20 
21 


22 
48 

20 

23 

50 
6 


63 
63 
63 
63 

63 

63 
63 


4*3 
irS 

14 

27 

36 
32*0 

43 

57-3 

50 


Fallskar  beac 

Wasa,  Ch 

Korsorsn  beac. 

Nordskaren  It  R  In  105f.... 
Walsorame  Is.  N.  pt , 

Helsingkall,  lE,  if. , 

Ny  Carleby,  Ch 

Kejsarsklubb,  beac 

Tankar,  beac 

Gamla  Carleby   

Kalla  rk.  outer  one    

Nahkiainen  shl.  if. 

uBrahestad,  Ch 

Carlo  I.,  W.  it  F  n    

Uleaborg,  Ch 

Ulkogrunni,  beac 

Malom,  U.  F 

Tomeo ; 

Rodkallen  rks.,  grt.,  mid.lt.  R 

Pitea    ,,  .^ 

Stor  Rebben,  beac I65  12 

Bjuroklubb,  beac {64  28 


63*  4'0  2O*'49' 


Fi  43 
21  10 

20  38 

21  6 


64  20*023  29 


64  36 
64  41-5 


21  53 

22  32 
22  34 

22  52 

23  9 


I'O 


65 

65 
65  24 

65  31 

65  50-8 

65  19 

65  19*2 


p3  54 
24  3X 


2-024  33 


z 

o 

H 
CO 


Grt.  Fjaderag,  I.  mid.  It  R2" 
Gadd  It  on  S.  pt.  of  Is.  F  70f. 

Umea  

Bonden    beacon 

Skagsudde,  beac 

Uemoklubb,  beac 

Hemosand,  Ch 

Bramo  I.  N.  pt.  beac 

Huddiksyall    

Homsudde,  pt 

Soderhamm 

Stor  Jungfrun,  It  E.  pt  F86f. 

Gefle    

Eggrund,  It.  F  52f.    

W.  Fmngmnd,  NE  pt  if.  ... 
E.  Finngnmd,  SW  part,  isf. 

Orskar  It  Rl"  118f. 

Nygrund,  Tof. 

S.  Quarken,  Understen,  beac  1 

It  F78f. 1 

Syartklnbb  It  R  70f. 

Arholmabeac 

Soderarm  It  R  2"  I02f. 

Syenska  hogame 

Stockholm,  B9,  Obserr 

Korso  It  I  4"  155f.  

Gronskar  It  F  114f.  

Landsortlt  R  2"  148f. 

Enskarbeac 

Hafiringebeac 

Haradskar  beac 

Sparc  beac 

Westerwyk , 

Kalmar,  Ch 

Gottska  Sando,  W.  pt 

Faro  I.  Holm  Hd.  It.  R.  \ 
2-  103f.     I 

Gothland  S  pt  Hoboig  lt\ 
RU-166f.     ) 

Ostergamsholm  It.  F  I01£..... 

Wisby 

South  Carlso  


25  30 
24  51 

23  38 

24  10 
22  19 

21  30-0 
21  58 
21  35 
21   I 


63  48 

63  36*020  46 
20  18 
20  4 

19    O 


63   49-5 
63    26 

63    I2*0| 

62   36*018 


Oland,  N.  Hd.  It.  F  lOSfl. 


62  37^9 
62  14 

61  437 
61  37 

61  177 

6x  10 

60  40*3 

60  43 

60  59 

60  56 

60  3i*5 

60  29*5 

60  16*2 

60    9-8 

59  51*0 
59  45'» 
59  a7 

59   20'6 

59  >7-3 
59  >7 
58  44*5 
58  42 

58  36 
58    8-9 
57  4a'9 

57  45'^ 
56  39-5 

58  24 


17  57 
«7  44 
17    77 
x6  30 

17  5 
17  10 
17    9 

17  32 

18  J 
18  26 
x8  22 
18  41 

18  54*5 

18  50 

19  7 
19  28 
19  3X 
18    35 

18  58 

19  2 
17  527 
X7  25 

17  19 
16  59 
16  44 
16  38 
x6  22 

19  It 

19  23 


37  58 

56  551I18    9 


57  *^'5 
57  38-6 

57  19 

57  22 


18  59 
x8  16 
«7  59 
17    6 
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MARITIME  POSITIONS 


(15) 


PlAces 


7, 

0 

H 

> 

U9 


0 


I  •  «  •     • 


Oland,  S.  Bd.  It.  F  136f 

Christiaoopel  

UtUipporna  rks.  It.  R  2»  50f. 

Cariscrona,  S 

Carlabamn  

Hano  I.  mid. 

Abas    

Cimbrightnm  

Ystad,  Ch 

Eartholms  or  Christiaiuio  It.,  \ 

N  pt,  R  20»  94f.    ] 

BomboUn,  N  pt.,  It,  F  279f. 

—  Spt.  

—  Ronne,  It.,  2  F  52r.  29f.  ... 

Falrtcrbo  It.,  F  78f.   

Ltv.  ?T,  2lt«.  F,  bell    

Mabno,  It.  F  50f.,  Cb 

Landskrona,  It.  F 

HeWngborg,  It.  F  26f.  

Knllen  It,  R  li^  288f.  

Engdholm 

Halknds  Wadero,  W  eztr.   ... 

Halmitadt,  fort  

Falkcnberg,  Ch 

Moniptange  It,  F  95f.  

Warbeig,  Castle 

Niddingen.  2  Its.,  2  F  66f.,  bell 

Vanguard  abl.,  4  

Wingo,  2  Its.,  R,  F,  87f. 

Buskfir  It,  F  84f.  

Gottenbnrg 

Mantrand  It  R  2»  282f.  

Paternoster  Is.  SandWextr.  . 
Sale  It,  R  122f.  

Rock,7F. 

Torbjomskar  beac.     

Foerderlt,  F  209f.    

Fiilehttklt,  R3»57f.  beU   ... 

Frederiksteen 

Frederikstadt  

Christiania,  9,  new  Obserr. ... 

Svenoe  Lango  Sound  It  ent  F. 

Tresteen 

Reierskar  rk.,  a  gun  

Jomfimeland,  It  R  1"  134f.  ... 
Arendal^Torangen  I.lt  2  F  134f. 

Oxolt,  R4»  139f.    

Christiansand,  2  ffi,  Cb 

Flekkero  I.,  S,  rks.  to  S 

Ryringen  I 

Na»lt.,  F163f.    

Markoe,    It,     discontinned )  I 

Jalyl,  1844    }  ' 

Listenteen  It,  R  1"  128f.    ... 

Jeddereos  rf.,  W  pt ^  .... 

Tungcnoes  It,  F  25f. 

HTidingsoe  It,  F  149f.    

Skuddesnoes  It.  F  77f.  

Hoievarde  It  F  65f.  

Udsire,  2  Its.  N  58=*  W,  255f.  F 
Sor  Hougoen  rk..  It,  F  72f.... 

Bommeloe,  S  pt 

Pogl6e 

Kors  fiord,  1.  Entr 


Lat.  N 


6° 

6 

5 
6 

6 

6 


ii'S 

>5-5 

9'7 
io*3 

:  55*5 

5  33*5 
5  a5'« 

5  19 


5  17*7 
I  59 
5    <> 

5  »3'» 

5   '7 
5  36'.! 

5  5^*4 

6  2'7 

6  iS'o 
6  14*6 

6  27*1 

6  40*4 
54-0 

55'a 
6-4 

l8'2 

32 

38-0 

38-6 

7  4*-3 
7  53'^ 

7  53*5 

8  20'2 

8  4» 

8  58-7 

9  4 

9  "'4 

9     7-5 
9   «3 
9  54- 7 
8  58 

8  56 
8  10*1 

8  52 
8  13*2 

8     3*7 
8     8*1 

8     2 

7  57*o 

7  57-8 

7  S9 


Lua.  £ 


6° 
6 


as 
3*0 

5  4a 

5  35*5 
52*0 

5» 
18 

21*2 
3  49*5 


5  " 

46 

5 

4* 

49*? 
48 

o*o 

50-0 

42-2 

27-5 

52*0 

32 

5"7 
30*0 

217 

H'S 

54*3 

39 
36*2 

407 

56-5 

35-0 

27 

16 


8 
8 

9 

9 

9 

9 

9 

9 

9 
60 

60 


6 

46 

3 

5 

8-7 
10 

i8-3 
25-2 

35 
I 

8 


9 

8 

9 
8 

8 
7 
7 
7 

7 


53 
47 
32 

37 
24 

57 

43*5 

46 

57 
27 

36 

5**5 
6 

59-0 

57 

31 

2 


6  58 

6  32 

5  a4 

5  37 

5  a5 

5  19 
S  20 

4  53*5 

5  15-? 
5  " 


4 
4 


59 
57 


(16) 


Places 


V* 

< 

O 


5 

o 


I 


g 


Bergen,  9  

Blomoe  I 

Udvoer  Is.,  W  pt.  ...; 

Aspo  I.,  NW  pt 

Veragrund  

Senning  skar  rk 

Stadtland,  NW  pt 

Svinoe 

Rondo  It  F  168f 

Quistholm  It.,  R  1"'  134f. 
Cbristiansund,  It   F  65f. 
Nightingale  rks.,  outer  ... 

Griboeme,  large  I 

ilay  flue,  rk 

Trondhiem,  Cathed 

Titter  bd 


Vigten  Is.,  W  extr.  rks 

NW  extr.  rks 

Proestoe  It,  F  36f. 

Liekde,  sUm 

Heilbomet,  pk 

Hoibraken,  rk 

Sola  I.,  sum 

Svingleboen  rk 

Skal  svee,  rk 

Tranen  Is.,  ^  17m.  Grt  I.,  \ 
Npk ] 

Kunna,  sum 

Rost  I.  grp.,  -gp-  20m.,  mid. ... 

Vseroel.,  Wpt 

Lofoden  Is.,  S  pt 

Skraaven,  sum 

Trano  1.,  N  pt 

W.VagoI.,  Npt 

Lango  I.,  W  pt.  rks.  off.  

Andue,  Npt 

Tromsoe,  Observatory    

Hvaloe,  NW  pt 

Hammerfest,  Ch 

Vandi),  N  pt 

Arno,  NE  pt 

Soroen  I.,  W  pt 

N  pt,  or  Tarhalsen  ... 

Rolfs  Is.,  N  pt 

Knivskjaerodden  Pt 

North  Cape 

Wardbnys  I 

Rvbatchy  I.,  N  pt O 

Kola,  town 6 

R.,Wentr O 

Kildynm  I.,  E  pt O 

Seven  Is.,  W  pt 

Nagell Q 

Sviatoi  Noss.  towers,  294f.,  I 

ll5f..  None  $ 

Sosonova 

Orlovsk  It,  F  222f.   

Sosnovetz,  tow 

Tetrintt,  vill.  Chap .• 

Kouzomen,  vill.  mid. 

C.  Touri  

Kandalaksha,  Monastery  

Kalgalaksha,  riv.  month  


Ut  N 


6o« 

60 

62 

61 

61 

61 

62 

62 

62 

63 

63 

63 

63 
62 


24 

3a 
13 

>7 

39 
II 

20 

24*6 

2*2 

7 
a3 
»4 

51 

63  25-8 

63  40 

64  46 

65  2 

64  47-4 


65 
65 
65 


5 

5 

24 


65  40 

65  38 

«5  59 

66  31 

66  57 

67  31 

67  38-5 

67  49-5 

68  9 
68  11*3 
68  20'5 

68  37 

69  20 

69  39'2 

70  14*6 
70  40*0 

70  I7'6 
70  13 
70  39 

70  53 

71  6 

71  II'O 

71  io*3 

70  23 
69  58 

68  525 

69  16 
69  14 
68  46 
68  32 

68  lo-o 

67  41*0 

67  ii'5 

66  29*5 

66  3*9 

66  i7'2 

66  33 

67  7-7 
65  45-1 


I. on.  E 


5 

4 
4 


*»i8' 
46 


28 

4  44 
4  a7 


4 
5 
5  >7 


35 
8 


5 
7 
7 
7 

7 
6 


36 

39 
8 

35 
II 


10  237 
8  19 

10  24 

10  37 

8 

37 

9 
o 

45 
»7 
21 


II 
II 
12 
If 
II 
II 
II 

12 


13  32 
»a  7 


12 

35 

12 

50 

14  44 

'5 

39 

»3 

59 

H 

14 

16 

8 

18 

57-c 

»9 

6 

23  42-c 

»9 

36 

20 

49 

21 

55 

a3 

'9 

24 

7 

25  40*0 

a5 

46*0 

3» 

7 

31 

54 

33 

I 

33 

19 

34 

3a 

37 

20 

38 

0 

39  47-0 

4« 

a- 5 

41 

22 '2 

40  44 

3! 

17-5 

36 

53'5 

34 

28 

32 

26*0 

34  4a7 

510 
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MARITIME  POSITIONS 


(17) 


Places 


1 

I 


.8 


I 


Z 


Lat.N 


Kemmi,  Ch 

Onega,  St.  Mich.  Ch 

Jijghinsk  I.,  N.  pt.,  It.  F  140f. 

Pertominsk,  Monast 

Arkhangel,  ffi.  Trinity  Ch.   ... 
Moudiugal.ltDvinaR.  F  ISOf 

C.  Kerets    

C.  VoronoT     

Moijovete   I.   NW.    pt.  It.^ 

F  150f.    J 

Meien,  Epiphany  Ch 

C.  Konouchin,  near  brook 

C.  Kanin  Noss 

Kolguyev  I.  NS.  50m.,  N.  pt. 

C.  RusBki  Zavorot 

Vaigatch  I.  W.  extr. 

Mt.  Pervo-ousmotrennaia 

Admiralty  pen**.,  N.  pt.    

C.  Nassau   

NE.  pt,  C.  JelanTe,  or  Desira 

Frans  Joseph  landyWilcsek  1. 1 

Weatpt.    / 

—  C.  Hansa   

C.  Shroiter    

C.  Fligely 

Danes  I.,  S.  pt 

Smeerenberg,   $'i|sd 

Hackluyts  Headland 

Cloven  CliflT. ® 

MufTen  I.  [Sm.],  2,  N.  pt 

Grey  Hook 

Vertegen  Hook,  7" ® 

Treurenberg  B.,  HedaCovc,  t' 
Hinlopen  St.  Hyperite  1.  ...  ® 

North  Cape 

Walden  I.,  ^  Um..b.  NW.  pt 
Little  Table  1.  [^m.]  ISOt,    ... 

Charles  XII.  I 

S.  Cape,  C.  Torell O 

Wiche  I.,  Swedish  Foreland... 

—  NE.  point 


64«56'5 
63  53*6 

65    12*3 


Long. 


East 

34**  38'7 
38     8-5 

36  5«*5 


Stor  Fiord,  Pox  Ness ® 

Hope  I.,  ^9m.  W.  pt Q 

S.  Cape,  or  Look-oat     !. 

Hornsunds  Pk.  456nf 

Bel  Sd.  Separation  Pt ® 

Ice  Sound,  pt.  S.  side,  entr.  O 
Charles  I.  S.,  or  Saddle  pt.    O 

Pair  Foreland o 

Mitre  Capo 

Bear,  or  Cherie  I.  [10m.]  ...Q 

Jan  Mayen  I.,  C.   North-) 

east,  or  Yovng's  Foreland  / 

—  Mt.  Beerenberg,  6870f.    .. 

--C.  South    

Rock,  iif.    

Portland  I 

Hvalsbak  rk 

E.  extreme,  or  Pt  Gepirhuk... 

C.  Langanaes 

C.  Revsnig 

Siglenaes 

Grimsey  I.,  %  4m.,  N.  pt.   . 

Mevenklint 


64  47**I38  *9*? 
64  32-1  40  33-5 

64  55*8  40  16-2 

65  i9*9  39  45  " 

66  311  42  197 

66  457  4*  *9 

*5  50*3  44  «7*o 

67  "'5  43  487 

68  39-2  43  32-5 

69  30     49  20 

68  55     54  40 

72  5     51  25 

73  8     53  »o 

75  »o     55  4» 

76  36     6a  55 

76  58     68  35 

79  5»     58    o 

80  33     59  40 

81  47     59  " 

82  3     59  so 

79  37  "  5 
79  43  "  >5 
79  47     "     5 

79  45     "  45 

80  I     14  42 

79  48     14  45 

80  4     16  25 

79  553  x6  57 

79  4»     »9    o 

80  32  20  14 
80  36     20    o 

80  48  20  22 
80   43        25    12 

79  20  21  25 
78  52  26  36 
78  57     3a  »4 

78     3     19     2 

77  10  25  50 
76  27     16  50 

76  54     16   ig 

77  38     M   50 

78  7  »4  7 
78   13     12  30 

78  58     10  35 

79  5     "29 

74  30     10     o 

West 
71     8       7  26 

71     4      7  36 

70  49       8  41 

70  48       8     6 

63  23     19     8 

64  36     13  24 

65  5     13  30 

66  23  14  31 
66  33  16  12 
66  12     18  50 

66  34     18    4 

67  10     18  30 


(18) 


Places 


I 


North  C 

W.  pt,  or  Staalborghok    

Sneefeldsydkel    

Outer  rk.,  or  Grenadeer  Huen 

Reikiavig  Church  

C.  Reikianes   , , 

Mt  Heckla,  5364f.    

Oster  Yokel,  5964f.  

Westmanna  Is.  S.  pt 


) 


) 


Lat.N|  Long. 


65  30 

64  4« 

63  40 


64    8-621  59*} 

6348 
63  58 
63  36 
63  %o 


] 


a 


Ui4 


Gravelines,  It  F,  95f .    

Calais,  CQ,  F,  Tf.  beU,  It  R 

4-,    190f.   

C.  Grispez,  It  R  i-  195f... 
Boulogne,  Q]'^,  Column    ... 
2  Its.  NE.  jetty, 

F43f.  33f. 

Pt.  Alpreck,  It.  R»'  2"  161  f, 
Etaples,  fflj    

Pt  Lomel,*lt.  P  52f. 

Pt  de  Touquet,21ts.F  174f.... 

Pt  de  Berck,  It  F  66f. 

Abberille,  Ch.  of  Notre  Dame| 
St.  Yalery  sur  Somme,  Q]. 
Cayeux,  It  Fl.  !()•  4"  92f. 
Tr^rt,  CH,  It.  F  36f.  Tf. 
Dieppe,  fflj,  W.  jetty,  It  F 

39f.  Tof.    

C.  AiUy,  It  R  !■  305f.... 
8t  Yalery  enCaux,Ea,  F30f.Tf. 
Fecamp,  (S,  Mt.  de  la  Yierge, 

F426f     

C.  de  hi  Heve,  2  Its.  N19°E, 

207f.,  F396f. 

Havre,  S,  It  N.  jetty,  F  39f.  \ 

bell,  Ch 

Pt.  du  Hoc,  It  F  39f.    

Paris  Observatory 

Quilleboeuf,  It  F  33f.    

Honfleur,  CQ,  2  Its.  F.  S51  E  \ 

2400f.  W.  It.,  F  29f.  23f.  J 
Mouth  of  the  Toacque8,2  Its.  \ 

F33f.  FTf.  ) 

Mouth  of  the  Ome,  2  Its.) 
N21°E  3600f.  Ch.  F  92f.  } 
Port  Corseules,  Q],  It  F  30f. 

Caen,  Abbey  

Pt  de  Ycr,  It  R.  4"  138f.   . 
Carentan 


West 
22*26' 
24  32 
23  46 
23  10 


1 


St.  Maroouf  Is.,  ^  fm.,  It. 
F56f. 


) 


LaHougue,  tSjf  21ts.  S88^W ) 

19c,  P  282f!*  36f.    / 

Reville  Redoubt  It  F  3Gf.  •• 
C.  Barfleur  It  R  ^^  236f....- 
Port,  CD^f  2  Its.  S40^,927f.  \ 

F23fr43f.  ' 

Pel^e  I.,  Fort  Royal,  It  F  85f. 

Cherbourg,  ffi,  Ch 

C.  La  Hague,  /,  It  F  157f. 

Aldemeyl.,^3m.  St  Anne's 

rh 

Pierre  au  Yrack,  2   


) 


51    0-3 

50  57-6 

50  52*2 
50  44' 5 

50  43*9 

50  41-9 
50  32-9 

50  33-6 

50  317 

50  24*0 

50  7-1 

50  II-4I 

50  1 1*7 

50  3-9 

49  S^'o 

49  55-1 
49  Sa'4 

49  46'' 
49  307 

49  »9'3 

49  »8  7 

48  50*2 

49  a8-4 
49  *5'5 

49  *»*7 

49  16*6 

49  »o*3 
49  "*» 
49  «>'5 
49  »«*4 

49  »9'9 


49  34*3 

49  3fi'4 
49  4»'« 

49  40"i 

49  40*3 
49  3«'6 
49  43*4 

49  4»*9 

49  4>'^ 

I 


22  42 

19  41 

»9  39 

20  23 

East 

1 


67 

sn 

35"? 
37'? 

35*? 

34*0 
3«7 

347 

357 

337 
50*0 

38-0 

31*0 

22*2 

I    5-2 

o  577 
0427 

o  22*^ 

o    4*? 

o    67 
o  11*5 

2  20*2 

o  317 
o  137 

o    5*0 

West 
o  15-? 


o 
o 
o 
I 


27'? 
21*0 

3i'o 
H'5 

87 


1  l6'3 

I  137 

I  157 

1  15-5 

I  347 

I  377 

I  57*0 

2  12*2 

2  17*0 


•  By  Sir  L.  HCt^llntock'h  oDoermtions  In  il6c  the  lonn^ihiiea  of  Ic«!and  should  b«7  aliout  i'  mors  to  the 


:  POSITIONS 


9 

CiakMi,  T,  3ltiLR20'I13r.beV 

—  Plcinmont,  SW.  pt.,  gu»rd  ho, 

—  SLHerre.  It.,  S.  jetlj,  F  39f. 

49° 

49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 

4S 

48 

4S 
49 
49 

49 

4S 

i 

Scirq  I.,  J>-  3m.,  Telccraph   ... 

Islit  S,  or  EUt  de  Scrcq 

Jtney,  St.  Kem,  Ch 

—  St.  Helier'i,  tll;21t«.  F 

—  C.  Groma,  ru^ 

-  NE.  pt .  or  Pt.  de  U  Conpe 

-  SE.  pt.  Stjiccrar  tower 

RodMi  DoDTres  EW  2m.  i^mid. 

Ch«iM7  I..  [6m.]  Qrt.  I.  It.  1 

K«i-.  mt. ) 

Mmqtrier.  rfci..  #  51,  NW,  1 

C.  C»natt,  i,  It.  R  )-  262f... 

GrtdYiUe,  E",  C.  Lihoo,  U.  I 

48 

1 

4» 

s 

St  Halo,  m»,  !t.  P  33f.,  Ch. 

V 

'iS-':^' •""■"■"'■  ! 

< 

4> 

:i 

4S 

4« 

48 
48 
43 
48 
48 

i 

St.B™uc,C.th 

llo™«rk.b«c 

Hou  de  Breluit.  It.  F  H8f.  .. 

SeyenIl.,i^4m.,lt.R3"167f 
Tri.goi.slil.,El,V.im.,W  eitr 
Motlaii,  S  2  l(!i.  P  28bt.  R  | 

2-46f.  ) 

SL  Pol  de  LAin.  [fl,  C«!h 

I.  de  Bu.  EW.  301,  It.,  W.  1 

iide,R"l- 223r    1 

PL  St.  Matthew,  U.  R  (-.  1771 
Uih.nl,  Jl  <ra..  It.  F  27if.  1 

4» 
4> 

Brett,  Ob«rT 

48 
+8 

I.  de  S«n,  It.  R  1- 148r.    

Audierae,  Ch 

Pennatc'h  rki.  It.  R  |-  134f... 
GI™nl.P™frttl  lt.R4->ll8f... 

Qniniper  RIt.  Bcnodet,  Ch... 


36- J  4  19- 
19BI4  «6- 


"■'f 


L'Orient,  tower   

Port  Lonii,  Ch 

I.  de  Groix,  ^  4m..  It.  F  193f. 
Port  Hdignen,  IL  E.  jettj,  P... 

Taignouie  It  R  S"  59f.    

Port  Nmalo,  Pt.  It.  P  72t. 

PenUnpt.  It.  P  53f.  

Belle  lale,   %  10m.  It.  SW.  \ 

part,  R  ln>276f.    ) 

-  Part  de  Palaia,  It.  F  30f.    ... 
Hoedicl.  Ji  IJm.  It.  F  8if.   ... 

La  Pourrlt.  It.  R  !"■  ;9f.  

Vuinei,  St.  Peter'a 

Ontnulde,  Ch.,  177f.  

ic,  Ch  ItP 

AiguilloD  tow.  (on  with  the  1 

tour  de  Commerce,  N.irE)  ( 
Port  St  KuBire,  Mole.  It  F  26f. 

Pumboenf,  Ch 

Nantes,  Cath 

LePilier  I.,  It.  R.  4*-.  lOAf..... 

Noirmaiutier  1.,  S.  pt 

I.  d'Yeu,  ^  S)m.  St.  San-  ) 

veorCh ) 

LtNW.  part,  F 1771 

St  GillesaurTie,  Ch 

Sahlei  d'OIonne,  Ch 

La  Chanme,  IL  F  ll8f. 

Roche  bonne,  W.,  orLa  Con-  1 

grfe.  To  It.  T.  2  F ) 

Pt.  de  Grauin  dn  Cou,  It.  F  b9f.  4 
Pt.  de  I'Aiguilloa,  It.  F  33f.   .. 
I.  Rhe.  %  I4in.  BaleiiKii  It.l 

00  N  pi.  R  4-  IMf. ) 

—  Port  St.  M«rtin,  It.  F*  a2f. 

—  6  pt  ,  de  Chaiireaa,  It.  F  73f.  4 
Rochelle,  Itg.  lower  (2,  R,  F)..  4 
Oleron    I.,    \    16m.   N.  pt  1 

Chassiron  It.  F  161f.    .         '    ' 
Ail  Lit.  F56f.    


46  53-! 
46  4»-4 

46  43- ■! 
46  41'7 


Cordouan  It  {Hiv.  Gironde}! 

Pl.l"207f.    ) 

Turn  tlign,  tow.,  k.  P  1  l»r. 

PortRoyan.lL  P  3Gr.     

Pte.  deOnn,  k.  F  39r 

Bordeaux,  St  Andre    

Basrin  d'Arcaebon,  €.  Ferret) 

It  Piazf. ) 

Bayoane,  Cath 

Pt.  St.  Martin  de  Biarriti,  R ) 

1".  240f-   J 

St.  Jean  de  Lnt.  Ch 

SoMaH.  PllSf.  

FaenterHbia.  Ch    (\t.  ¥  SftOI.).. 

C.  FigQier,  rk.  off. 

PM'tPuMi;e.%,Ch.(ttF4R6r.) 
St  Sebastian  It,  Fl.  2-  434f.... . 
C.  MadiiRhaco,  1,  It  R  4>  264r 

C.  VQlano,  i.  A    

Bilbao,  St.  Nicholas  Ch 


4S  3S'» 
4S  jss 

4!  37'' 
45  34-" 
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MARITIME  POSITIONS 


(21) 


Places 


Lat.  N  Lon  W 


00 


< 
o 

& 

& 


Portngalete,  CQ 
Mt.  Serrantes   .... 

Santona,  S   

,  Mt.  sum. 


43°  2o'2  3 


C.  Ajo,  pt 

Santanderi  S»  mole 

C.  Mayor,  E.  pt.  It.  R  1"  298f. 

C.  Uoyambre   

C.  Prieto 

Pt.  del  Caballo 

Lastres,  town    

C.  Penas,  1  It  R  i*  343f 

C.  Busto,  A,  1 

C.  Blanco 

I.  Pancha,  W.  extr 

Ribadeo,  S  

Mondigo  Mt 

Pt.  de  los  Caios,  Isl.  off 

C.  Barela 

Mt.  Faro  

Port  Barquero,  S,  tower     

Port  Vivero,  93,  town 

C.  Vares,  1,  h,  sum 

Pt.  de  la  £8taca,lt.  R  !•"  312f.. 

C.  Ortegal,  A,  1,  tow.  (S.  l'-4  | 

ofPt.)   1 

.C.  Prior,  1,  sum.  It  F  448f. ... 
■  Monte  Yentoso 

Ferrol,  E&.  mole   

Cornna,S,  (R363f.)... Castle) 
St.  Antonio  / 

Cisargas  Is.,  EW  l)m.,  large ... 

C.  VUlano,  1,  NE.  pt 

C.  Torinana,  1,  pt 

C.  Finisterra  U.  R  i"  474f. 

Mt  Louro,  787f. 

C.  Corrobedo,  It  F.  102f. 

Gas  I.,  ^  3m.,  Islet  S 

Cies  Is.,  NS  4m.,  SW  extr.    ... 

C.  SiUeiro,  A,  W.  pt 

Vigolt  R3'»102f. 

Mt  Nossa  SeSora  del  alba 

Mt.  Tecla,  Mk.  entr.  R.  Mino 

CamlfSa 

Viana,  ES,  Fort  St.  Jago 

Villa  do  Codde,  IB  

Mt  Destrello  de  Malhada  360Sf. 
Oporto,  as;;.  Fort  St  John  . 

—  Lt  R  6»,  220f.   , 

Aveiro,  New  Bar,  03^ J,  , 

Mt  CaramuUo,  S274C     , 

Moimt  Busaoo,  1795f. 

Coimbra,  University    , 

C.  Mondego,  7CX)f.lt  F  , 

Figueirt,  CDiJ 

Naxareth    

Farilboens  rks*,  grt  one , 

Burlings,  It  R  3",  365f 

C  Carroeiro,  pt.,  It  F  182f.  ., 

Monte  Junto,  2180f.    , 

C.  Ro|ca,  It ,  R'  •  If-  598f.    ., 

Mt  Cintra,  sum.  1600r. 

Forte  Sanxete  • 

Da  Guia  It  F.  207£ 


43  21 
43  17-0 

43  *7*5 
43  3 ''4 
43  »7'9 
43  30 
43  as 
43  *8 
43  30 
43  33 
43  4»*o 
43  36 
43  35 
43  34*7 
43  34 
43  3* 
43  36 
43  4* 
43  44 
43  45 
43  40*5 
43  48 
43  48 

43  45*a 

43  34-' 
43  *9 
43  *9'5 

43  "'S 

43  »i'5 

43 

43 

4*  53 

4a  44 

4*  35 
42  20 

42    IX 

42  6 
42  15 

42  14 

41  53 
41  5*7 
41  42*6 
41  213 

40  53 

41  8-8 

41     91 
40  39 

40  32-5 

40  23 
40  12-5 
40  12 
40    9 

39  36 

39  »9 

39  aS'o 
39  21*8 

39  »o 
38  47 
38  46 
38  42 
38  41-8 


3 

5 
27 

26 

36 

487 

47 
21 

5» 
6 

16 

5  477 

6  25 

47 
59? 

5 

5 

13 
21 

35 
43 
36 

41 
42 

7  56 

8  19 
8  20 
8  127 

8    22*7 

8  50 


10 

2 


3 
3 
3 
3 

4 
4 
5 
5 


12 
17 
>5? 

9  44 

4 

55 

53 
8  52 

8  40 

8  45 
8  50 

8  45c 

8  43? 

8  35-7 
8  14 

8  385 
8  385 
8  43 
8  10 

8  20 
8  25-0 

8  5*5 

8  49 

3 

30 
28-2 

22 

3 
27 

44 
29 

27*5 


(22) 


Placet 


Lat  N  i  LoDf  . 


-< 

& 

O 

»4 


e 

< 

c 

CO 


(S 

< 

CO 


Bugio,  It  R  If",  llOf.    

St  Julian,  fort  It  F  128f. 

Lisbon,  Si  Marine  Obs.  [Q    ... 
C.  Espichel,    JL,  A,  It  F  627f. ... 

Fort  Arrabida  

Outao,  It  F490£ 

Setubal,    S  

C.  Sines,  A    1.  fort  

Odamira,  CCg,  tow 

Monchique  Mtns.,  sum.  38S0f. 
C.  St.  Vincent,  l.ltR  2»221f. 
Lagos,  Catli. 

C.  Carroeiro,  tow 

C.  Ste.  Maria,  /  It  F  109f. 

Mt  Figo,  2000f.  

R.  Guadiana,  (0,^  Villa  Real... 

San  Lucar 

Roto,  pier 

Cadiz,  S,  Obserratory    

New  do.  S.  Fernando , 

St  Sebastian,  It  R  2-  145f 

C.  Trafalgar,  It  R  im.  168f.   .. 

Tarifo.  It  F  132f. 

Palomos  I , 

Algeciras,  mole 

Gibraltar,  mole         [5f. 

Europa  Pt.,  It  F  150f.    

Torre  Nueva 

C.  Sardinia,  tow 

Estepona   

Sierra  Bermeja,  Mt , 

Fuengiro,  Castle   , 

Sierra  de  M\jas , 

Malaga,  S,  mole  It  R  1"  125f. 

Motril  (inland  2m.) , 

C.  Sacratif,  A,  1  

Veles  Malaga,  ^TT  It  F  4lt   ... 

Corchuna,  Castle 

Adra,  fort 

Pt.  Sabinel,  It  F  Fl  2-  105f.  ... 

jAlmeria.. 

C.  de  Gato,l  t  R  J»  104f.   

Port  Genoves.   X,  Castle  S. ) 

Josef j 

Pt  Mesa,  It  F  Fl  2m.,  725f.  ... 

Moxacar,  Carbonera  I 

,Port  Agullas 

C.  de  Cope   

C.  Tinoso.  A,  1.  It  F  479f. 

Mt  Roldan  

.Cartagena,  It    

■Etcombrera  I.,  It  F  223f.  

'C.  de  Paloi,  It  R  i"  263f. 

C.  Cervera     

•C.  Sto.  Pola,  S.  pt 

I.  Plana,  E.  extr.  of  rks.  ^  ) 

3im.  1  Fl.  2- 92f.    ( 

Alicante,  CasUe,  (It  F^  26f.)  ... 

Mt.  Roldan,  gap  

Benidorme  I.  EW  ^m 


.C.  Nao,  E.  pt 

•  C.  St.  Antonio,  It  R  i"  580f... 
Mong6.  Mt 


C.  Coltera,  tow.  It. 


380  39'6 

38  4<y4 

38  4a*a 

38  a4*9i9  " 
38  28-5' 8  56-5 


West 

5**^5'7 

9  'r» 

9    6-2 


38  »7 
38  31 
37  57 
37  39*8 
37  ao 


37 

37 
37 
36 
37 
37 


8  56 

8  5»-5 
851 

847 
8  36 

2-98  59 

77  8  385 
6-58  21 

7  49*5 
7  45 
7  18 
6  24 


56 

10 
10 


35  44    ,       , 
30  36*6.6  i6'a 

36  32'o!6  17-2 


56  27-7 

6  12-5 

36  31-6 

6  18  5 

36  jo-8 

6     2 

36    0 

5  3«'7 

36     37 

5   26» 

36     75 

^  26»7 

3«     7  3 

5  *«•? 

36     62 

5  *07 

36  12-3 

5  «9  7 

36  187 

5  '6 

36  25 

5    9 

36  29 

5  »1 

36  33 

4  57 

36  38 

4  40 

36  443 

4  ^S'S 

36  45 

3  34 

36  41 

3  ^9 

36  44*5 

4    9 

36  41 

3  i5 

36  44 

3     J 

36  412 

»  44 

36  51 

2  33-2 

36  44 

2  14*2 

36  44 

a     7 

3fi  55 

'  59 

36  58 

»   55 

37  43 

I  37 

37  *S 

I  315 

37  3'-a 

•    7 

37  35 

1      2 

37  3)7 

0    56-2 

37  33*5 

t>  57-2 

37  37*5 

0  37'5 

38     0 

c  38 

38  II 

0  29 

38  10 

0  26*5 

38   20'3 

\o  a8- 

38  36 

0  12 

38  29*0,0     6 

East 

38  44    0  »4 

38  48-50  10 

38  43 

0    8 

Wf5* 

39  I* 

0    I2*7 
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MARITIME  POSITIONS 


(23) 


Places 


Lat.  N 


Cullerm,  Ch 

Valencia,  It.  F^  37f.  mole 
C.  Caoet,  tow.  


C.  Oropen,]t.  Fl  74f. 

Peniacola  tow 

Columbretes  la^  It  F  190f. 

MoDsia,  Mt 

Port  Alfaques,  Pt.  de  la  Sana... 

Ebro  ILf  S.  passage 

N.  passage 


5 


C.  Roek,  tow. 

a  TortoM,  Buda  It. 

Salou  It.  mole^  F  87£ 


39  a6'8 

39  430 

40  6-5 
40  23  o 

39  54 

40  37 
40  33*5 
40  41  o 

40  430 
40  490 

40  4a'4 

41  4 


Long. 


C.  Salon,  pt 

Tarragona,  It     F.  54f. 

Z    C.  Groa,  },  tow.    

Paig  das  Agnilas,  Mt. . 
Pt.  del  Rio    


< 


Bareelona.  EDjJ,  mole  It  F.  5  If. 
Mt  Jul,  fort    


41 

4' 

41 

4' 

41 

4* 

4' 
41 


Mataro  ^_ 

C.  Tosa,tow .'."J41 

Pt.  MoIIdo    [41 

C.  St  Sebastian,  h  sum.,  It.  R 


I 


l"548f.  , 

Medas  Is.,  %  Im.  S  i  E.  extr. 

U  Escala 

C.  Norfeo,  A,  1,  E.  pc 

Cadaqu^s,  S,  Ch 

C.  de  Creox,  E.  ext  Spain^ 

ruin.  It  F  FI.  285f. 

St  Pedro  de  Roda,  fort  

C.  Semella    

;C.  Beam.  It  F  75 If. 

m   Port  Vendres,  It.  F  98f.  

Perpignan 

La  Nouvelle,  It  F  33f.    

Narbonne,  Cath 

Fort  BisBscoa.ltSE.  bast,  F59r 

Agde,  Mt  R  1«  413f. 

harb.  It  1 30f.  E.  jetty  ... 

Cette.  S,  fort  Louis,  N.  entr. 

ltFS2f. 

Montpelier    

Aigues  Mortes,  It  R  4'"  66f.  ... 
W.  Mo.  of  Rhone,  Camargue, ) 
U.F.125f. ^.;} 

P.deBoiic,Q2,21ts.entF52f.  98f 
C.  Couronne 


4'o 

7 

8-0 
18 
19*0 

22*6 

21*8 
32-4 
43-2 
496 


West 

o  19 

East 
o  10 

as 

44» 
31 
39 
53 
54 
45 
57 
9 


(24) 


Places 


Lat  N  Lon  E 


4>  53 


42 
42 
42 
42 


[•2 


7 
'7 


I 

I 
I 
I 

2 
2 

2 
2 
2 

3 
3 

3 

3 
3 
3 


42  19*2 


3 

s 


Z 


1 


MarseiUe,  ffl„,  21t8.,  W  ent  Fl. ) 
3«  62f.,  St.  John  fort,  F  30f. ) 


ObseiT. 


PlanierMt  R  J",  131f.    

Mt  St.  Michael,  Semaph.  134 If 

I.  Kon,  EW  Im.  tow 

Cassis.  03,  Port,  It  F  92f.  

Cassidaigne  3E 

Gotat  Port,  F  39f.  

BaBdol,Ch 

C.  Side,  Semaph 

Toulon,  S,  Obseiratory 

y  Semaphore 


jGrd.  Ribeaa,  It  F  112f. 


42 
4a 

42 
42 

4a 
43 
43 
43 
43 
43 

43 

43 
43 

43 

43 
43 

43 

43 
43 
43 
43 
43 
43 

43 

43 
43 
43 
43 
43 


i9*o_ 
210 
31*0 
313 

43 
o«8 

ii'i 

"5-5 

17-9 

167 
23-8 

37 
32-c 

20"7 

23-6 

'9 
177 

17*8 

*'*9 

>3 
10 

12*8 

8-7 


10 
16 

a4 

56 

9 
11 

10 

a7 

58 
8 

13 

14 
8 

17 
»7 


3  20 


3 
3 
3 

3 

2 

3 
3 
3 
3 
3 

3 

3 
4 


10 

'3 

7-5 
7*c 

53 
4*o 

0'2 
300 
30-2 
267 

42? 

53 
8-c 


4  410 


4 
5 

5 

5 

5 
5 
5 
5 


5 


59'? 
3 

217 

22"2 
14*0 
22 

13 
32*0 

33*o 
367 


»o'3i5 

8a;5  45-5 
3*2,5  51-0 

7-5,5  56-0 

4*45  56-5 
169 


42 
42 

43 


Porquerolles  I.,  ^  4m.,  S.  pt,  \ 
ltR4»'262f.    / 

Port  Cross  I.,  JS  2im.  Fort  | 
Vigie j 

Gabiniere  rk 

Titan  1.  #  4im.,  NE.  part,  { 
ltF.246f. / 

C.  Camarat,  It  R  1>>  426f. 

St  Tropez 

Frejus,  ^ 

C.  Roux,  1,  tf  wm.  1600f.    .. 

Cannes,  S.  tower  , 

Lenm  Is.  EW  2m.,  S.  extr.  rks. 

C.  Garoupe,  It  F  d38f. 

Antibes,  Qfli^,  harb.  It  R  2"'.  49f. 

St  Laurent  da  Var 

Nice,  St  Francis  Ch.  

Villa  Franca,  S    

Pt.  Mala  It  I  30*  225f.    ... 

Monaco 

C.  St  Martin 

®    Vcntimiglia  Pt I43 

9    Mt  Grande,  3100f. 

C.  del  Armi  

Port  Maurizio,  mole  hd 

C.  dekMele,*    

Gallinara  I.  tow 

Finale,  Ch 

Noli,  Conv.  St.  Francisco    .., 
Vado,  fort  St  Lorenzo....  .... 

Savona,  Ca•^  Citadel    

^PoJlark 

Formentera  1.,  ^^  3m.,  SE  pt 

It  F518f. 

S  pt,  or  Pt.  Anguila,  1 


4a''59'o6'»iz'5 


59*9|6 

59-36 
2-86 


43 

43 

43 

43 

43 

43 

43 

43 

43 

43 

43 

43 

43 

43 


I2'o6 

6 
6 


1 


H 

^5 
28     6 

3a*9  7 
30     7 

33-87 

35'»7 
4077 

42-07 

42  7 
40-07 
43-07 

43  7 
45  7 
50  7 
49  7 
53-a7 
58     8 

2-1  8 

xi-9'8 

i5-5;8 
x8-4'8 

. .    »5o.8 

18  38 

^    38  38 
38  48 


43 
43 
43 
43 
44 
44 
44 
44 
44 
44 


5a 
59 

0-4 

8 

3 
54*3 


i 


» 


Espardell  I.,  -jf-  Im. 

BcdraI.EWfm.  101 

Bledaz  Is.,  outer,  or  NW.  one 
Port  St.  Antonio,  S,  Conejera  \ 

grande  I.,  N.  pt / 

Nst.  pt,  Pt.  Denserra,  J   

Tagomago  I.,  %  |m.  ..! 

Iviza,  S,  Castle    

Cabrera  I.,  #  3im.,  S.  pt,  ^ 

Pt  Anciola   j 

—  C.  Falcon,  SE  pt 

Foradada,  or  pierced  rk j  39  10 

S.  extr.,  C.  Salinas,  /.  f^ 

C.  Blanco, -1.  tow ! 

Palma,  mole  F^  37f. 

C.  Calaiiguera,  j,  tow. 
Dragonera  L,  ^  2m.,  It.  R  2«". 

Mt  Galatro 

N.  extr.,  C.  Formenton.ilt.  Rj" 
E.  extr.,  C.  Pera,  i,  tow 

C.  Dartuch,  /.  j.  It.  F  Fl.  3"  ... 
W.  extr.,C.  BajoU,  I,  tow.    ... 

C.  Cabaleria,  h,  X.    

Port  Fomelles,  S,  fort,  W.  pt. 

C.  Mola,  1,  T,  tow 

Mahon,  S,  mole  (It  F  73f.).... 
AyreL,  EWJm 

RazzoU  I.,  It.  F  282f. 

C.  della  Testa,  j,  It  R"»3«»  220?. 

Port  Torres,  03,  It.  F  49f. 


38 
38 

39 

39 
39 
38 

39 
39 


39 
39 
39 
39 
39 
39 
39 
39 

39 

40 

40 
40 

39 
39 
39 


24a 
24*0 
30-7 

40-7 

34 
46 

55 

X'O 

3 
8- 

7*7 

II'O 

17*0 
18 
19-5 
27*0 

33 
43 

37 

54 
59-0 

II 

19-0 
227 
24-5 
277 
46-0 

36 
23 
29 

12 
10 


I  14*0 


3* 

39 

267 


H 

20 

34-1 
28 

36 

38 

57 

4a 

55 
I 

5 


53 

2  56 
»  57 

3  4 
2  47 

2  38-5 

2  31 

2  18 

2  28 

3  15 

3  ^7 

3  51 

3  48 
7 
3'5'4    87 
5a7'4  24*5 
5**54  21-0 


41 
41 

40 


49 
x8' 


4  19 


39 


H*a9 
50-2.8 


20-7 

9-2 

24*7 


M^SffifiSSn!^^  ^*^  "•^^  Govommert  the  longltud-  of  It1».  M«j 


orca,  and 


L  L 
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TABLE   10 


MARITIME  POSITIONS 


(25^ 


Piaces 


e 

M 
M 

Q 

•< 
11 


Asinara    I.,    ^    10  n.    NvV.] 

sum.  123:)f.  j 

C.  Falcone,  tow.  6l0f.     

C   Argentera,  sum 

C.  Caccia,  y,  P.  Conte,  S,  sum. 

Alghero,  Catb 

C-  Marargiu,  rk 

C.  Mannu,  tow.  on  N.  pt 

Mai  di  ventre,  rks.  ^  3in.  mid. 

Coscio  di  Donna,  rk.  [^  c] 

C.  St  Marco,  tow 

C.  Frasca 

Oristano,  grt.  tow 

Mt.  Arcuento   (or  finger   ofl 

Oristano),  2713f. ] 

C.  Pecora,  pt.  tow 

St.  Pietro  1.,  NS  5§m.  sum.  I 

702f.  ) 

St.  Antioco  I.,    NS  9m.,  S.  ) 

sum.  781f. I 

Toro  rk.  t,  5  or  600f.  

C.  Teulada,  1,  j,  sum.  725f. . 

Port  Malfatano,  S,  tow 

|C.  Spartivento,  S.  pt 

I  Cagliari,  w,  St.  Pancras,  Ch.  .. 
;  Cavoli  I.  (offC.  Carbonara)  tow 

C.  Ferrato.  1,  80f.  pt 

Mt.  Seven  Brothers,  3186f.     .. 

C.  BeUavista,  A,  tow 

Mt.  Gennargentu,  6102f.    

C.  Comino,  pt 

Limbarra  pk.  4331f.    

Tavolara  I-*  ^  SJm.,  E.  pt.  .. 

C.  Figari, 'sum 

Rock 

Caprera  I.,  NS  5m.,  sum 

Madalena  I.  old  fort    


Lat.  N 


Lon.E 


41°   5'8  8°i8'2 


40  S'^'S 
40  43*7 
40  33'5 
40  33'5|8 
40  19*78 
40    2-5 

39  59 
39  5»'8 
39  S'** 
39  46 
39  54'3 


(26) 


Places 


e 


Giraglia  I.,  It.,  R4-   269f. 

St.  Fiorenxa  centre  of  Town..... 

Pt.  PerallD 

Calvi,  Pt.  RiveUata  It.  F  289f. 

C.  Rosso,  W.  pt 

Sangninares  Is.,  ^  Im.  It.  R) 
4'»321f.    ] 

Ajaccio,  Cath 

C.  Muro,  SWpt 

C.  Campo  Moro,  S,  tow 

^   Pt.  Senetoso,  A,  extr 

g    C.  Ferro   

Bonifacio,  S 

S.  extr.  or  Mt.  Pertosato  It  \ 
Rl™325f.    / 

Port.  Sta.  Manza,  S,  Pt.  Ca.  \ 
picdolo,  tow S 

Porto  Vecchio,  S,  It.  R  4"  216f. 

Pt.  Chiape 

E.  extr.  Fiorentina  tow.  ... 

Bastia,  IS,  mole  It.,  F  52f. 

Monte  Stello,  4532f.    

Finocchiarola,  tow 

Genoa,  9,3  Its.  R  i"  370f. 

R'SOf.  R'SOf. 

Pt.  Chiapa,  sum. 

C.  Porto  Fino,  fort  

Sestri  di  Levante,  fort 

Port  Vcnere,  S,  N.  entr. 


) 


8 


39  35'7 
39  *7'i 
39    9*7 

38  58-3 

38  51-68 
8 
8 
8 


11*3 

9'o 

IO'2 
19*2 

a3'5 
24*0 

18 

17-2 

26*5 

27 

317 

33*5 
252 

177 


8  i6'o 


39 
39 


38  51-9 
38  53-1 

38  5**5 
13*2 

6-1 

39  "7-5 
39  18-5 

39  55'8 

40  I 

40  31-4 
40  51*0 
40  54-8 

40  59*9 
i6'9 

12*9 

I3'4|9 
1-8 
42  41*0 
42  44*1 
42  35-2 
42  14-3 

41  528 


41 
41 
4» 

43 


41  55-0 

41  44' 5 

38-5 

34*0 
41  23.8 

41  23-8 


4» 

41 


41  22*2 

41  25-1 

4J  35'* 

41  36'o 

42  17*0 
42  41*8 

4a  47*5 
4*  59*3 

44  a4*9 

44  20*0 
44  18*2 

44  »6'4 
44     3'a 


25-2 

39? 

487 

5**5 

77 

31*5 
40*0 

26*5 

43'5 

"9 

5o'5 

II'O 

45'o 

397 
29*0 

29*0 

24*0 

24-2 
i8'o 

»3'4 

43'5 
32-5 

8  357 


447 

39*5 
48-5 

47-0 

57 
9*2 


9  "•? 
9  »57 


207 

22*2 

337 
27*0 

25*0 

28-0 


8  S3-C 


xo»5 

»5'5 
527 


I 


Tinol.,  It  F384f.     

Speizia,  S,  Castle 

Monte  Altissimo,  5213f.    

Viaregfi:io,  Sanitii   

Arno  R.,  mouth,  fort 

Pisa,  leaning  tow 

Florence,  Cath. 

Malora  beac 

Leghorn,  S,  It,  R'"40>  154f. 

Gorgona  I.,  NS  l|m.,  h^  mid. 

Val  di  Vetro  rf.  %  3m.,  W  pt. 

Castagnetto,  fort    

C.  Buia,  tow 

Piombino,  palace    

C.  Troja,  tow 

Castiglione,  fort 

R.  Ombrone,  mouth 

Pormiche,  \  2m.,  N  one  32f. 

Talamone    

St.  Stefano,  centre  of  Town  ... 
Mt.  Argentario,  telegr 


LatN 


ixia.  L 


44"   2'4  9'*5a'o 
44     6-3   9  52? 

44     3    I'o  14 

43  5»'8/o  »57 
43  40*8  10  167 

43  43'5l'o  *4o 
43  46-6;  1 1  15*5 

43  32*6  10  127 

43  327  10  177 

43  a5*8   9  53*5 


Capraia  I.  J^  4ra.,  Fort 

Palmajola  I.,  NS  {m.  It  R  i' 

Elba,  N.  extr.  or  C.  Vita 

—  Porto  Ferrajo,  S,  It.  F  200f. 

—  W.  extr.  or  Pt.  Mortigliano 

—  Port  Liongone,  Citad.  Ch... 

—  Mt  Calamita 


Pianosa  I.,  NS  3m.  /,  W.  pt 
Africa  rk.,  or  W.  Formidie,  6f. 
Montecnsto  I.,%  3m.  2076f. 

Giglio  I.,  ^  5m.,  S.  pt 

Gianuti  I.,  -^  2m.,  S.  pt 

Formica  di  Burano 


Civita  Vecchia,  S,  It.  R  i«  82f. 

C.  Linaro,  rf.  [|m.]  

Tiber,  R.  Piumicino,  It.  R    . 

Rome,  St  Peter's,  dome   

Port  Anzo,  CQ,  It  R  .• 

Monte  Circello,  It.  F 

Terradna,  It  F  

Gaeta  It.  F,  Orlando  tow.  190f. 

Mola,  watering  pi 

Castel  Voltumo 


43  >8» 

43  *o*7 

4»  59'7 

4*  5S7 

42  48'! 

42  46*0 

42  39 

4»  34'^ 

42  32-3 

42  26*4 

42  232 

43  3a 
42  519 

42  52*6 

42  48- 3 

42  46*2 
42  45*8 

42  438 


1 


OB 

M 

< 


Palmarola  I.,  NS  Ifm.,  N.  pt 
Ponza  I..  #  4m.  sig.  st  (It  F) 
Zannone  I.,  EW  Im.  sig.  st 

Botte,  rks 

Vandotena  I.,  ^   l|m.  j, 
fort  St  Nicola    

Ischia  I.,^  54m.,  Castle,  E.  pt 
Procida  I.,  NS  2m.,  N.  pt  It  F 

Baia,  Castle    

C.  Miseno,  pt  (It.  to  be) .... 

>Pozznoli,  Ch. 

Naples,  Obs.  Capo  di  Monte 

,  mole  It  R.  2«  16lf... 

Torre  del  Greco,  W  extr. .. 

Mt  Vesuvius,  3900f. 

Castelamare,  It  R  3»  105f. 
"  Sorrento,  fort  St  Anton.  .. 
Pt  Campaneila,  It  F  77f... 


4» 
4» 
4* 
4* 
4» 
4» 

42 

4* 
41 
41 
41 
41 
41 
41 
41 
4' 


327 
215 
»o'3 
19*2 
142 
23*0 

57 
2 
46 

54* 
26*9 

13*4 

17 
124 

15*0 
a*5 


10  217 
10  327 
10  297 
10  317 
10  44*: 
10  53*0 
0-5 

53 
8 

7-i 
IO-5 


II 
10 
II 
II 
II 


9  50'5 
10  287 

10  247 
10  20-5 
10  6-z 
10  24*2 
10  237 


10 
10 


27 

3*7 
10  18*; 

10  551 

6-5 

135 


II 
II 


II  47 
II  50 

11  13  5 

12  27  2 

37'5 

4' 5 

«57 

«3  347 

13  36*0 

13  57-0 


12 

»3 
«3 


40  567  12  51-5 
40  54*o|i2  58*2 

40  58-213     37 
40  50-413.    6-2 


40  47*5 


40 

¥> 
40 

40 

40 

40 

40 

40 

40 

40 

40 

40 


43*9 
46*2 

487 
46-5 

492 

5^' 

507 

47-2 

49 

41-5 

37' 
33-c 


13  26*0 


13  577 

14  1*0 

5*o 

5'? 

7*? 

147 

157 

217 

14  26 

14  i8-2 

22' 5 

H  «9  5 


14 
H 
H 
8|i4 
14 
>4 
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MABITIME  POSITIONS 


(27) 


Places 


9 


^ 


t 


Capri  I.,   EW   3in.,  S. 
Carena  pt  (It.  to  be)  ., 
Mt  St  Angelo,  4680f.  .., 

Galli  rks.,  tow , 

Salerno    , 

C.  Lioosa 

Pt  Spartimento , 

PoUastro    

Dino  I.,  £W  3c.,  tow.  .. 

Ciidla,  I.  tow 

Mt.  Cocnzza  

St.  Enfemia    

C.  Yaticaiio,  tow 

Gkja   

SeyOa 


or 


N.  and  Est.  I.  Stromboli, ) 
crater,  3090f. ) 

Pknaria  l.»  N.  pt 

SeceadiCapo     

Salina  I.,  Salvatore  M.,  3l25f. 

lipari  1.,  summit,  1978f. 

Sst.  I.,  Vnlcano  I.,  1601f.  ) 
lt.PFl { 

Pelicadi  I.,  2598f.  Ch.  

Alicndi  I.,  snmmit,  2172f. 

Ustiea  I.^  -jf-  3m.  C.  Falconiera 

Faro  I.»  It.  on  E.  extr.  R  3" 
72f.  

Messina,  S,  It.  F  70f.    

Scaletta,  fort  

Trizzi  Tower  

MtEtna,  10,874f. 

Catuiia,  mole  It.  F    

C.  Sta.  Crooe,  It 

Angnsta  Port,  S,  It.  P  72f. 

C.  Panama,  pt 

Syracuse,  S,  w,  r,  It.  P  72f. 

C.  Monro  di  Porco,  It 

Arola  

Pftssaro  I.,  NS  Im.,  It.  Fl.  3'" 

-—  S.  extr.,  or  Correnti  I..... 

C.  Scalambra,  It 

Terra  NnoTa,  Col 

Alicata,  Castle,  It  P 

Rosello,  It  ho , 

Gixigenti,  03,  Mole  It.  2  It.  P 

C.  Bianco,  90f.  (shl.  im.  S.) 
tower  

C.St  Maroo,  fort,  tow , 

C.  Granitola,  It  R  3"  87f.... 

Mazzara,  Catfa , 

Marsala,  (It  F  55f.) 

Trapana,  [Q,  Columbara  ItFl  3 

St  Jolian,  Castle    


Ill 


LatN 


40" 

40 
40 
40 
40 

39 
40 

39 
39 
39 
39 
38 
38 
38 
38 

38 

38 
38 
38 
38 

38 

38 
.38 

38 


Lon.  E 


32'© 

39 
34-0 

40 

59 
I 

48-0 

37 
16 

3 

37-2 

H 

S'9 

48- 

387 
37*2 

33'a 
29 

22*1 

34' I 

327 

4a-5 


38  158 


38 
38 
37 
37 
37 
37 
37 
37 
37 
37 
36 
30 

IS 

37 
37 
37 
37 


11*2 

>7 
34*4 

45 

28*3 

H'S 
12-8 

6-5 
30 

CO 

55? 

41-2 

38-5 

47 
29 

40 

17-5 

17 


37  a3** 


Maritimo  I.,  NS  3m.  2376f. ) 
Npt,  Castle  ) 

Leranso  I.  ^  3m.  N  pt.  j,  tow. 

FaTig;nana  f.,  EW  5m.  St. ) 
Cath.  Castle,  1249f.  j 

Poroelli  Sfi-t  -J^  I™-*  T 

Pormiche,  2  Is.   EW  2m.,) 

Wone 1 

C.  St  Vito,  It  Fl 

Castd  a  Mare,  Petrolo  pt 


37 
37 
37 
37 
38 
38 

37 
38 
37 
38 

38 

38 
38 


29-5 

337 

39a 

47*4 
o*7 

22*7 

587 

r6 

557 
4- 5 


ii'i 
»*5 


4°ii'7 


3> 
26*5 

45 
53 
15 

33 

487 

50 
]6 

15 

5a 
56 
45-0 
40'o 

137 

4*5 

54'5 
507 

56 

59'c 

34* 

2I'l 
117 

39/ 

35*2 

277 

11*2 

0'2 
5-2 
16 

lyc 

i«-5 
20 

8c 

9*7 

5*2 
297 
15*0 

277 

325 

'7 

2 

40*2 

357 

27 
302 

36*1 


a  37 
2  21*0 
2  19*2 

2    27'C 
2    25 

a  44"* 
2  54 


I 


(28) 


Places 


C.  di  Gallo.  1692f.,  It  F  .. 
Palzrmo,  GB,  Observatory 
It  R  2»  92f. 


X 


C.  ZaSarana,    J,  £.  pt , 

iTermini,  fort  , 

ICefuIu,  Catb , 

Caronia,  Castle   , 

C.  Orlando,   1,  Castle  

C.  Calava    

Milazzo,  It  F  288f. 

SkerkiBank,4   

Keiths  rf.,  1 

Pantellaria  I.,  S.  Leonardo  \ 

Windmill  / 

— sum.  ST.SOf. 


LatN 


38° 

38 

38 

38 

37 

38 

37 

38 

38 

38 

37 


67 
8-2 

6-5 
59-5 

2*2 
59 

9-8 

125 

161 

455 


Lon.E 


!•#••■••■ 


® 


e 
« 

kg 
.J 
a. 
-< 


3 

a 
■i 

cs 


Grahams  shl.,  Tef.  ... 

Linosa  I.,  ^  lfm.,landg.  cove 

Lampion  I.,  -j^  |m 

Lampedusa  I.,  EW  6m.,  7, ) 

ffi,  i>>astie I 

Yaletta,  S,  Palace         [Q 

Spencer's  Monument 

St  Elmolt  F167f.  

S.  £.  extr.  Pt.  della  Mare) 

(rf.  lim.)ltho f 

Goxo  I.,  4-  9n>.,  NW  pt.,  i 

orC.  Demitrilt j 

C.  delle  Armi^  tow , 

C.  Spartivento    

Bmzzano  C 

C.  StUo    

C.  Rizzuto,  pt  It  P 

C.  Nan,  or  Colonne,  pt 

Cotrona  (Castle  It.  F  98f.)    ... 

Pt.  Alice,  tow ,.... 

Pt  del  Tronta,  tow 

Roseto 

Tarento,  BB,  Citadel   

C.  St  Vito,  It  F23f. 

Port  Cesareo,  tow 

Gallipoli,  St  Andrea  I.,  S^\ 

|m.,  mid.  (Npt  It.  F)..) 
C.  St.  Maria  di  Leuca,  Ch.  .. 

Gagliano 

C.  Otranto,  Telegr.  (E  pt.  o: 

Italy)  

Port  Otranto,  S,  Castle 
Brindisi,  ffl, , Telegr.  (It  Fl06f.) 

Torre  della  TesU   

Monopoli,  Telegr.  (It.  to  be) 

Polignano,  Telegr 

Mola,  Telegr 

Bari,  Ch.  (It to  be) 

Molfetta,  tow.  (It  F) 

Bisceglia,  Q]'^  grt  tow 

Trani,  03,  Castle    

Barletta,  CD«,  Telegr.  (It  P)... 

Rivoli,  Telegr 

Manfredonia,  Telegpr. 

Mt.  St.  Angelo  

Vieste,  City 

Peschichi 

Varano,  W.  tow.    ... 

Mileto,  Telegr 

Campo  Marino,  Ch. 
Termoli,  Telegr 

Tremiti  Is.,  j^  3m.,  mid.  Castle 


-] 


37  486 
36  50 

36  468 

37  9 
35  5«-8 

35  3a*8 
35  a9'» 

35  53*8 
35  53*o 
35  54"» 

35  49*a 

36  4-2 

37  «;"•« 

37  5^ 

38  2 

38  29*3 

38  57 

39  6 
39    7'5 
39  H 
39  35 

39  59 

40  27 

40  24 
40  13 
40    3 

39  477 

39  51 

40  8-6 


i3**»9'» 
13  21 

13    22*5 

13  32-5 

13  4**a 

>4    »7 

14  27 

14  45'0 

»4  54 

15  140 

10  497 

10  566 

11  57 

ra    0*5 

12  43 

12  52*0 
12  20*0 

12  35*2 

14  3I-? 
14  31 
14  31-5 

>4  34 

14  132 


40 
40 


91 

39*3 
40  41-4 

40  57-1 

597 
37 
77 

I2'3 

14-4 
180 

193 

29*2 

377 
43 

5a 
568 


40 

41 
4x 
41 
41 
41 
41 
41 
4X 
41 
41 
41 
41 
41 
41 
42 


16 
16 
j6 

«7 
«7 
17 
17 


40-8 

4 
'9 
37 

I 

9*0 
9 


16  47 
16  34 


17 
17 
17 


»3 
56 


55-515 

55*9  >5 

57-515 
0*2  14 


17  56 

18  22*3 
18  20  * 

18  297 

28 

58-? 

5»'5 
18'? 

»3-5 

57 

S^'S 
36*0 

30-5 

25*0 

i7'5 

56*0 

55-0 

57 
io'5 

I'O 

48-5 

37'5 

a'5 

59*7 


18 
»7 
17 
«7 
17 

17 
16 

16 

16 

16 

16 

>5 

15 

15 
16 

16 


42  7'3  IS  ^p'5 
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MARITIME  POSITIONS 


(29) 


Places 


e 

I 


® 


K 


Pianosa  I.  /,  EW.  4c.,  sig.  St.. 
Pelagosa  Is.,  2,  %  Im.  W.  pt 

Petracciato,  Ch- 

Vasto  Ammone,  Ch 

Pt.  Penna,  tow 

Ortona,  Ch 

Francavilla,  Telegr 

Pescaro    

Gran  Sasso  d' Italia,  sum 

Silvi,  sign,  st 

Colonella.  sum.  1080f.  

Rio  Tronto,  tow.  entr 

Grottamare,  Ch 

Pedaso,  Ch 

Fermo,  Caft.,  1200f. 

Loretto,  Ch.  565f. 

Mezzaluna  Pt.,  tow 

Ancona,  It.  R  !■  130f.  

Sinigaglia,  Cath.  (It  P; 

iPano,  It.  F 

San  Marino,  2460f 

Pesaro,  It.  F  30f.  

Rimini,  It.  F   

Cesenatico,  2  Its.  F  R 

lUvenna,  tow.  (It  F) 

Goro,  EQ,  W.  mo.  of  the  Po... 

Pt.  delta  Maestra   

Port  Brondolo 

Chioggia,  03,  Cath 

Port  Malamo^co,  CQ   

Port  Lido,  CD,  fort 

Venice,  St.  Mark    

Venire  Observatory    

R.  Tagliameoto,  fort  mouth  .. 

(Port  Liznano,  03,  entr 

Grado.  Ch.  (It  F) 

Monfalcone 

Trieste,  IS,  It  R  30»,  Castle .. 

Capo  d'Istria,  Ch 

Pirano,  St  6.  Ch. 

Pt.  Bassania,  It  F  llOf.    

Citta  nuova,  CS3,  Ch 

Parenzo,  Ch , 

Rovigno,  IS,  Ch.,  St  Eufemia 
Pola,  m,  Ch.  St.  Francesco 
C.  Promontore,Porer  rk.  It 

F,  lUf.  (rE.  SSE  I^m.) 

Albona,  Ch 

Fianona,  Ch 

Finme,  dock  tow.  

Porto  Re,  Castelnaovo  

Segna,  mole    

Carlopago,  mole 

Nona,  Cath 

Zara,  St.  Simon  Ch 

ZaraVeochia  

GaUolark 

Unie  Bay,  Islet  [2c]  

Sansego  I.,  •%  2m.,  350  f.  snm 

Grivizza  I.,  [^m.] 

Sette  Bocche  Chan.,  N.  or) 

Bonastra  Pt j 

Mt  Vela  Strazza,  1070f.  

Zuri  I.,  ^-  7m.  E.  pt,  Mas- 

sarina  1 

Sebenico,  Castel  Vecchia  ... 
Zirona  piccola,  I.,  sum 


! 


) 


Lat.  N  !  Lon  £ 


4*    '3  5 
42  23*7 


'•5 
6-6 


4» 

4a 

42  10*4 

42  21'3 

42  25*0 

42  27 

42  28 

4a  33*8 

42  52-3 

4*  54*4 

42  59-8 

43  6*4 
43  9'9 
43  a6*7 
43  33 
43  37-7 
43  43'o 
43  5i'3 
43  57 

43  55*7 

44  4' 6 
44  13 
44  a5*3 
44  48 

44  59 

45  10 
45  12-9 

45  "'3 

45  a6-4 

45  *5-9 

45  a5-8 

45  3»a 

45  4« 

45  40*3 

45  48-3 

45  38-6 

45  3*7 

45  3''6 

45  a7'3 

45  18*8 

45  '3*6 

45  4*9 

44  5*'5 

44  45'a 


45 
45 


5'» 
8-2 

45  19'^ 

45  i6*7 

44  59*6 

44  31-7 

44  H'6 

44  6*8 

43  56-3 

44  43*5 
44  38 
44  30*9 
44  ^4 

44  "*3 

43  59 

43  37*5 

43  44-a 
43  a7 


5''44'7 
6  15*0 

'4  53*5 

14  4^'7 

14  430 
14  24-2 

17-0 

»4 

34 

5*5 

5* 

3  55*? 
13  52-2 

3  53*o 
3  437 
3  37*? 


4 
4 
3 
4 
3 


38 
30-5 

>3-? 

1*2 
29    ' 

547 
34*5 
14 

12*2 


2   22 
2    32 

2    20 
2    17*0 
2   20 

2 
2 
2 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


24*2 

20'9 
21'2 

6-2 

IX 

23-3 

32*3 

46-5 

44'? 

34? 
29*2 

337 

357 
38-0 

507 


3  54? 


4    77 

4   IX'O 

4  a6-7 
4  34*? 

4  S4*o 

5  47 

5  'I'? 
5  14-0 

5  26-7 

4    II'O 

4  H 
4  18*2 

4  33  ' 

4  49*0 

5  » 
5  44 

5  537 

6  4 


(30)  - 


Places 


«*•••• 


) 


Trau,  St  John's  Ch 

Spalatro,  Paolini  tow 

Macarska,  Ch.  tow 

Solta  I.,  %  10m.,  SE  pt 

Brazza  I.,  EW  71.  St.  Vito,  \ 

sig.  St.  mid ) 

Lessina  I.,  EW  121.,  Fort) 

Imperial  | 

Lissa  I.,  EW  9m.,  Port  St ) 

Georgio,  St.  Francis  Ch.    / 
Busi  I.,  -^  2im.,  sig.  st. 
St.  Andrea  in  Pelago,  Jfi- 1 4m. 

lOOOf.  f 

Pomork.  [2c.],  1 

Proisdo  I.,  EW  Im.  (offW) 

pt.  ofdo.)    j 

Curzola  I.  EW  81.,  fort  St.  \ 

B"«gio    j 

Cazza  I.,  ^  2m.,  sig.  st 

Cazziola  I.,  ^  Im 

Lagosta  I.,    EW  7m.,  St 

George  Chap.  (It  F) 

Lagostini  rks.,  EW  3|m.,  £. ' 

sum 

Meleda  I.,  %  71.,  W.  pt 

—  Port  Palaczo,  S,  min  

Ragusa,  S,  fort,  W.  bast 

Markana  Is.,  grp.  ^  2m.,  sum. 

Molonta  I.,  snm 

Pt  Ostro,  It  F  263f. 

Kattaro,  Sanitlk  

Vetergnach,  3960f. 

Budua,  Greek  Ch 

Antivari,  W.  pt 

Dulcigno,  CD,  la  Cala  beach.  ... 

C.  Rodoni,  400f. 

C.  Pali,  sum 

Durazzo,  mole 

C.  Laghi,  tow 

Avlona,   or  Valona,  S,  w,  | 

Custom  ho j 

Sasseno  I.,  -^  2m.  sum.  lOOOf. 

C.  Linguetta,  1,  2290f. 

Mt  Cica,  6300f. 

Port  Palermo,  S,  fort    

C.  Kiephali 

Tignoso  It.  P 

Port  Gomenitza,  EB,  Dogana... 

Patiga,  w,  Madonna  I 

M  t.  Zarothema,  3000f 

Prevesa,  fort  Giorgio 

Vonizza  


Lat  N  I  Lon.  E 


43°  30V  16^*1 5' J 
43  30*416  267 

43  i7'5»7     1*0 


43  19 


!■' 


23 


43  16-7  16  37*5 


43  107 

43     3'4| 

42  58 

43  17 
43  5'5 
4*  59 


4a  57- 

41  46*0 
4»  45 

42  450 

4a  45-8 

4*  47 
42  46-8 

4*  38-9 

4*  34*3 
42  29*9 

42  23  4 


16  27*2 

x6   X0*2 

x6    2 

15  457 

15  »77 

16  37 


417 


42  25-4 18  465 


4* 
4* 

4a 


>9 
i6-5 

a-3 
41  53-8 
41  37-6 
41  23*1 
41  x8*2 
41  10*2 

40  27*2 


40  29 
40  26 
40  IS 
40    2 


•2 
7 


8-0 

16  31*0 
16  43 

16  52-0 

X7    9«o 

17  18 

17  217 

18  7-0 

18  12'0 
18  23  s 
18    317 


18    52 

18  50-5 

19  65 
19    11 

19  i8'a 
19  24-2 
19  267 
19  255 

19  267 


19    X4*2 

19  177 

'9  35 
•9I19  4«-2 


e 


e 

e 
•5 


Fano  I.  ^3im.  SWsum.  1339f. 

Merlera,  NS  2m.  sum 

Samothraki  I.,  ^^  2Jm.,  N  pt 

Corfu,  Citadel  It  F  240f.  ...  © 

—  C.  Drasti  

—  Mt  St  Giorgio,  1288f. 

—  C.  Bianco,  pt 

—  Lefchimo  Pt,  It.  v.  I,  F  ... 

—  Vido  I.,  Fort  Alexander 

Paxo  I..  ^4jm.,  NW  pt 
Lakalt  F  369f. 

—  Port  Gojo,  ffl.  It  F  107f, 
Antipazo  I.,  %  2m.,  E  pt 


1 


39  54- 3 

19  55*5 

39  47-» 

19  58-5 

39  *9  7 

20  I7'l 

39  >6-4 

20  25 

39  «»•* 

20  38 

38  56  7 

20  46-2 

38  55 

20  53-7 

39  50** 

19  142 

39  53a 

19  36 

39  46  7 

»9  3>'S 

39  37-0 

19  567 

39  47-6 

19  41-5 

39  36 

19  48-0 

39  21-2 

20    77 

39  *7*5 

20    5-5 

39  381 

19  565 

39  H*4 

20    8*5 

39  " 

20  13 

39    «7 

20  14*0 
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MARITIME  POSITIONS 


(31) 


Placet 


I 


Lat.  N  .  Lon.  E 


J 


Sta.  Maura,  It.  F  Caatle,  54f... 

—  Sesola  rk,  114f. 

—  Mt.  SUvroU,  3700f.     

—  S.  extr.,  C.  Dacato,  1, 200f. 

Itfaaca,  Npt 

—  Vadiy,  Port,  S,  Lazaretto 

—  S.E.  pt.,  orlganni  Pt 


® 

3 

a 


Cephalonia,  N  extr 

—  C.  Aterra,  pt 

—  Guardiana  I.,  It.  F  122f. ... 

—  Port  Argo8toli,C.  S. Thco-  ) 

doros.  It.  F35f. J 

—  St.  George.  Castle,  lOSOf.  . 

—  Sam.  or  Mt.  Elato,  5218f. . 

—  S.  pt,,  or  C.  Monda 

Zante,  N.  pt.,  or  C.  Skinari... 

—  Mt  Vachronis,  2724f. 

—  S.  pt.,  C.  Marathia  

—  leraki  Pt 

—  Mt.  Scopo.  1621f. 

—  Port,  2  Its.,  F- 28f.    

Krio  Nero  It,  F  93f.  


H 

H ; 

H 


Dra^mesti  Baj,  Astoko  

Oiia  I.,  pk.,  Ullf 

Messalooghi    

Pt.  fiakari  

Rownelia,  Castle    

Lepanto,  center,  Minaret 

Corinth,  Acropolis 

Morea  Castle,  cent 

Patras,  w'    

C.  Papas,  mined  fort 

Montague  rks.,  2,  ^  Im.,  Tif. 

Konoupoli  Pt 

C.  Glarenza,  min 


Kastro  Tomese,  795f. 
C.Katakolo,  A  


Stamranea  Is.,  ^  2im.,  j,  /,  I 
It.  F127f.   ) 

C.Knnello 

Proti  I.,  NS  2m.,  sum.  605f.... 
Sphaghia  I.,  %  2im.,  S  pt.  ... 

Navarino,  Mosque 

Mt.  St.  Nicole,  1542f.  

Modon 

Sapienza  I.,  NS  5m.  sum.  740f. 
Cabrera  I.,  %  5m.,  S  extr.    ... 

CGallo 

Venetico  I.,  NS  l|m.  (Ants. ) 

SSE  2m.)  sum.  570f. I 

Koron,  w'  N  2m.,  r,  Lividia  Pt. 

Kalamata,  highest  ruin 

CKitrics    

Mt  Makrino  (anc.  Taygetus,) ) 

7900f.  ( 

Limeni,  S  

C.  Grosso,  1,  A,  sum 

C.  Matapan,  1,  A    

C.SUvri 

Marathonisi 

Eurotaa  R.,  mouth 

C.  XyU  (pk.  1040f.  N  I'-s)  pt. 
Serri  I.,  NS  3|m.  S  and  E  | 

pt. 


8  41-5 
8  41-6 

8  33'5 
8  30*0 

8    22*1 

8  19 

8  285 
8  21-5 
8     8*4 

8  II-6 


8-5 

8-5 
3-6 

56-2 
488 

39 

4»-5 

45 

47*0 

48*2 

32 
i8-7 

21*9 

17 
195 

234 

53*4 
18-5 

»4*5 

12*7 

55 
6 

56-8 

53*7 

38 


7  i5'3 


10 

3*4 

54*5 
54-6 

53*0 
48-4 
46-6 

41-7 
42-9 

417 
47*5 

2*6 

547 
56-5 

40*6 
286 
22*5 
36*2 
44-6 
48-2 

39*o 

36  27*0 


2o»44'j 
20  33-5 
20  38-5 
20  337 

20  40*0 
20  43*5 
20  46*7 


20 

34'o 

20 

as 

20 

26*5 

20 

*9 

20 

34-0 

20 

410 

20 

48 

20 

42*2 

20 

42-7 

20 

59 

20 

59-i 

20 

56-2 

20 

54-a 

20 

54*5 

21 

5 

21 

7 

21 

257 

21 

3» 

21 

46-2 

21 

50-0 

22 

527 

21 

47 'o 

21 

447 

21 

235 

21 

0 

21 

»3 

21 

8-5 

21 

87 

21 

i9'o 

21 

0'2 

21 

34 

21 

33-5 

21 

40-5 

21 

417 

21 

42*0 

21 

42*5 

21 

42-? 

21 

47 

21 

517 

21 

537 

21 

58-5 

22 

r? 

22 

80 

22 

22*9 

22 

'3 

22 

22*2 

22 

29*2 

22 

32-5 

22 

35-0 

22 

41- 

22 

49*5 

22  srs 


(32) 


Places 


e 

H 

o 

M 
H 

ti 

o 


e 

•s. 
1 


C.  St  Angelo,  A,  1,  pt 

Cerigo  I.,  N.  pt,  C.  Spathi  ... 

—  Fort  St  Nikolo 

—  S.  extr.   

Ovol.,  NS8c.,  550f.  J    

Nautilus  1^.  [4ni.] 

Poril.,  Jifm.  410f. 

Cerigotto  I.,%  6m.  sum.  1230f. 

Mt  Krithina,  2600f. 

Monemvasia    

Karavil.,  rk.,  j 

Falconera  I  ,  -^  l^m.  A,  sum. 
BeloPouloI.,%  l}m.,  j,  sum. 

Spezzia  I.,  •%  4im.  sum.  812f. 
Trikeri  I.,  NS  Im.  N.  sum.... 

Napoli  di  Romania 

Hydra,  -Jf-  11m.,  sum.  1939f. 

Stavronisi  I.,  EW  Jm 

St.  George  d'  Arbora  I.,  ^ ) 

3m.,  sum.  SE  part,  1085f.  j 
Poros  I.,  EW5m.,  ffl',  St' 

Nicolaus  / 

Methana,  Mt  Khelona,  2429f. 
Egina  I.,  ^  8m.,  Mt  St  \ 

Ellas,  on  S.  part,  1752f.    j 

Megara,  tow 

Lepsina  I.,  or  Eleusis,  tow.  ... 

Pirieus,  2  Its.  F 

Athens,  Parthenon 

Observatory 


Lat  N 


36 
36 

36 


36^26'o 

36  23*0 
13*1 
77 
5'5 
35  56 
35  58-5 

35  50'" 

36  28*2 

36  41*1 

36  46'! 
36  50-9 

36  54'9 


Lon.  E 


} 


3 

3 

3 

3. 
38 

3 

3 

3 

3 

3 

3 

3. 

38 

3 

3 
3 


15-3 
16*2 

33'6 
19*5 
15 

28*0 

30-9 

36 
41-9 

59*8 

a'4 
56*2 
581 

583 
388 

44' 3 

38-5 

53*o 
7-1 

59'5 

37*3 
39*4 


23^  la'o 

22  57-3 

23  5'o 
22  597 

O'O 


23 

23 
23 


»3 

>5 
23  i8'o 
23     8*2 

*3     3'? 
23  36-5 

*3  537 
23  277 

23     87 
23   i7'o 

22  48*0 

23  28*0 
23    27 

23    56*0 

23    28*? 
23   22 
23    30*0 


23 
23 
23 

»3 
23 

P4 
24 

24 

24 

^4 


2C*5 

3*'? 
38-0 

437 

44 

17 

37 
67 

I'O 

37 
16*2 


26*2 
i8-2 

>5 

IQ 
27 

48 
36    33 

36  4o«5 

3«  45*3 
36  49-3 

36  46 

36  38 

36  37-1 

36  40 

36  427 

36  36*9 

36   22'0 


C.  Colonna,  temple,  269f. 

Port  Mandri,  S,  w,,  pk 

MacronisiL,-^  7m.,  S.  pt  ... 
Port  Raphti,  gg',  St.  Nicolao... 

C.Marathon   

Petalies,  or  Split  Is.,  sum.    ... 

Zea  I.,  -jf-  Ibm.  Mt  St  Elias 

—  Port  St.  Nicoko,  S,  It.  F 

Thermia  I.,  -^  10m.  sum.  966f. 

Piperi  I.,  EW  im.  sura 

Serpho  Poulo  Is.,  EW  1  ^m.,  mid. 
Serphol.,  ^  7im.,sum.  1585f. 
Siphanto  I.,  %  9m.,  N.  pt. ... 

And  MUo,  NS  2m.  sum 

Ananes  rks.  ^  im 

MiLo,EWlIm.MtStElia8,  1 
on  SWpart,  2480f.    f 

—  Port,  BI,  W.  Dt.,  Pt.  Vani 

Argentiera  I.,  NS  5m 

Polino  I.,  ^  34m.,  ram 

Peignes  rks 

Policandro  I.,  ^  21.  sum 

Sikyno  I.,  ^  7m.  sum 

Nio  I.,  \  8m.,  sum 

Amorgo  Poulo  I.,  NS  2m. 
Santorin  I.,  NS  8m.,  Mt  St 

Elias,  on  SE  part  ...... 

Christiana  I.,  [Askania)  ^^ 

Im j 

Anaphi  I.,  ^p-  7  m.  sum 

Hermonisi  I. 

Stampalia  I.,  or  Astropalaia\ 

^41.,  SW.  sum / 

LeTita  I.,  EW  4m.,  E.  pt   ...  37    0*026  32"o 
Zinaril., ^  2m.,  W.  pt 36  58726  177 


36  15 

36  »3 
36  32 

36  32*2 


24  217 
24  20*0 

24  237 
24  32*0 

H  36 

*4  30 
24  38-5 

24  15 
H  9 
24  23*2 

24  227 

»4  33*5 
H  39 
a4  35 

*4  55'? 

25  6 

25  2i*o 
25  427 

25  287 
25  13 


25  47 

26  10 

26  197 
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MARITIME  POSITIONS 


(33) 


Places 


Lat.  N   Lon.E  I    (34)  Places 


Amorgo  I.,  -^  18m.  sum.) 
near  mid.,  21 75f.     j 

Karo  I.,  EW4m.,  mid 

Skinosa  I.,  ^  2im.,  SE  pt.  ... 

Heraclia  I.,  -J^  4m.,  sum.  

Naxos  I.,  -J2.  18m.  Mt.  Zia,  \ 
SE-d  of  mid.  3290f.   / 

—  N.  pt.  or  C.  Stauro  

Paros  I.,  T^  12m.,  Mt.  St.\ 

EUas,  mid.,2530f. j 

Boidi,  or  Buey  rk.  j 

Antiparos,  NS  7m.,  S.  pt.  ... 
Strongylo  I.,  -gP-  l^m.,  S.  pt*. 

Sti^dia,  -Jp-  IJm 

Mjooni  I.,  ^  8m.,  E.  sum. ) 

1150f.  j 

Rhenea  NS  A^m^^  S.  pt 

La  Nata,  rik.,  (rk.  W  ^m.)  .. 
Syra  I.,  NS  9m.,  sum.  on\ 

E.  side,  1415f.    j 

—  Gaidaro,  It.  R    I"  105f.  .. 

Jura  I.,  ^  5m.,  W.  pt 

Tinos  I.,  ^  15m.,  sum.  E  ) 

part,  2340f. j 

Andros  I.,  ^  22m.,  Mt.  Ko-  ) 

yari,  W.  side,  mid.  3200f.  j 

Kaloyeri  rks.  NS  2m 

Negropont,  fort  Karababa 

—  C.  Doro,  islet  off 

—  C.  Koumi  

—  Mt.  Delphi,  5730f.    

Volo,  fort    

Skyros  I . ,  %  51. ,  rf  N.  end,  sum. 

—  Grand  Port,  ^,   

Skyro  Poulo,  [Im.],  617f. 

Skantzoura  I.,  EW  1  L 

Gaidaro  rk. 

Adelphi  Is.,  -f-  l^m.  S.  sum. ) 

581f. / 

Kilidromi,  J^  41.,  S.  sum 

SkopelosI.,^llm.sum.2149f. 
Skiathos  I.,  ^  6m.,  5ff  sum.... 
Sarakino,  ^  21.,  N  and  £  pt. 

Pelagisi,  NS  21.  sum 

Piperi  I.,  1 1.  sum 

Giourapoulo    

Mt.  Pelion  (Patras),  531  Of.  ... 
Ossa,  Mt.,  {Kiuova),  6407f.... 

Mt.  Olympus,  9754f. 

Salonika,  EB ..••• 

C.  Cassandra,  /  

C.  PaUluri,  /    

C.  Drapano,  880f.  

Mt.  Atbos,  sum.  6349f. 

—  C.  Atbos  {Agioi  Oroi).... 

Tbaso  I.  NS  14m.  sum.  3428f. 
— Panagia  Nisi,  islet  off. ,  S.  pt. 

C.  Phanari  

Maronea,  biU,  2174f. 

C.  Makri,  w' -f  Im 

Enos    

Xeros  I.,  NS  ^m 

Samothraki,  %  1 2m.  sum.  1 
SEpart,  5248f.  j 

—  W.  pt.,  C.  Akrotiri,  /  .... 
Zura^  Rock , 


36°5o^7a5^55'7 

36  53     25  40 
36  51-025  33*o 

36  49725  27-5 

37  i'8»S  31'? 

37  "'5*5  33*0 
37    a7'25  11-5 

37  14"5  »5  5^7 
36  56-025     5-0 

36  56-224  57-5 

37  ^5 


37  a7'S 


»5  35 
25  27-2 


37  22-o'25  14-0 
37  21725    4-0 

37  a8-9|H  557 

37  45*5*4  59'o 
37  36-2*4  39*5 

37  35*0|*5  H'S 
37  50*1*4  50*5 


38  10 
38  277^ 

38     9*4, 
38  38*7 

38  37*4 

39  *4*o! 

38  49*7 
38  45 

38  50 

39  5 
39     3** 


*5 

*3 
24 

24 

23 

22 

*4 
24 


17 
35*2 

36-3 

97 
507 

56*5 

37*? 
37 


24  zz 
24    7 

*3  57*5 


39    5*8*3  59*? 


39 
39 
39 
39 
39 
39 
39 
39 

39 

40 


xo     23 

8223 

io-4'23 


24 
24 
24 
24 


14 

20 

21 
26 
26-523 

48*0,22 
4722 
40  38-8j22 

39  56*7,*3 

55**3 

56*5*3 

9*5*4 
6-524 


39 

39 
40 

40 


40  4»*7*4 
40  33-024 
40  56-725 

40  5i*7,»5 
40  49*5*5 
40  42*0.26 
40  36-5'26 

40  27-025  35*5 


53 
42-0 

29 

4 

5 
20 

II 

3 
42*0 

22-0 
57*2 

22'0 
45*2 

57*2 

20*0 
21*5 

4»*7 

37*7 

8-5 

3»*5 
45-0 

44-0 


40  28-2 
40  27*5 


25  27*0 
*5  50-5 


P 


15 


Agio  Strati  I.,  -jf^  5Jm.  sum.  \ 
E.  part,  973f.  f 

Leranos,  ^  71.  W.  pt.  ori 
C.  Mourcbeflo j 

—  Moudros,  BB 

—  S.  pt.,  or  C.  Irene     

—  N.  and  E.  pt.,  C.  Plaka  ... 
Imbros,  ^  51.  sum.  1959f.   ... 

—  W.  pt.,  or  Pt.  Auflaka , 

Dardanells,  Asia  Castle 

GaUipoli,  It.  F    

Koutalai  I.  EW  2m.,  W.  pt. 
Marmora  I.,  EWl  Im.  SW  sum 

Pasba  barb.,  S,  Liman 

Rodosto  

Erekli  

Constantinople,  St.  Sopbia  .. 
Fanar  Boumou,  old  It.  bo.  .. 
Proti  I.,  [Im.]  Vill.  E.  side.. 

Ismid  

C.  Bosbouroun   

Papa,  or  Kalolimno  I.,  NS^ 

4m.  N.  sum.    j 

Rabi  I.,  ^  4m.,  SW  pt 


Lat.N 


39®3i'c 
39  587 


Lon.E 


25»  i'7 

25      2*0 


39  5**o,*5  '6'? 
39  46625  21*5 


40 
40 
40 
40 


17 

10*6 

7*2 

9*o 


25  27-0 
25  49*0 
25  40*0 

*6  »4"5 


40  24*0(26  41 


Bnyuk  Dereh,  N.  minaret 

Bospborusy  Europe  It.  F  I90f.. 

Kilios,  tow. 

C.  Kariboomu,  N.  pt 

C.  Kouri 

Cix6pol    

Bourns,  Minaret  

Akbiolo,  Mosque    

C.  Emeneh,  E.  pt 

Varna,  Mosque,  mid. 

C.  Kaliagri,  ruin    

C.  Sbablerlt.  P  120f. 

Kioustenje,  Mosque  

Portitski  Mouth 

Danube  R.  Soulineb  rao.  It  F 

Serpent's  I.,  w.  It  R  i"  I94f. 

Tsaregradskoe  mo.  2  Its.  F52f. 

Akerman,  Ch 

C.  Fontane  It  F  200f.   

Odessa,  E&,  Cath 

Berezan  I.,  %  \m.f  fort 

Kinboum  It  ▼.  2  vert 

OtchakoY.,  Cb 

Nioolayer,   S,  Obserr. 

Kberson,  Catb 

Tendni  I ,  /,%8m.N.end,beac. 
—  It  R.  I™  20»  84f.  beU  .... 

Armiansk,  Cb 

C.  Tarkban.kout,  or  Eskifo- 1 

ros,  It  FPI09f.     J 

Koslof,  or  Evpatoria 

C.  Khersones,  /,  It  F  116f... 

Sevastopol,  S,  Cb 

C.  Saritcb,  pt    

C.  Ait6dor,  It  F  343f. 

Mt.  Tchatirdag,  SW  sum.     . 

C.  Meganom  

O.  Keatlamik,  sum 

Kaffa,  or  Tbeodosia    

C.  Tchaouda,  S.  pt   

C.  Takli,  It  F313f. 


40  33* 
40  36- 
40  29- 
40  59* 

40  58- 

41  o* 
40  57* 
40  54* 
40  45* 
40  32 

40  33 
40  28 


027 
5>7 


'I 


a7 
*7 
27 
28 

*9 
029 


30 
28 


*7*5 

35*0 
36-3 

31-0 

55-0 

59*? 

2*2 

3*5 

O'O 

47 


41 
41 
4" 

41 

41 

42 

4a 

4* 
42 

43 
43 
43 


10- 1 

»4 
IO-8 

21*7 

52*7 


28  32 

27  29 

29  3*0 
29  7-2 
29  37 

28  4C-3 

28   3-0 


a6*327  437 
30*327  30-7 
34-027  40-5 

43  *7  557 
12*027  56*5 

22*1  28  29-7 

32728  377 


44  10*5128  41*0 

44  40*5t9     >7 

45  9*3 29  405 

45  »5'5  3o  14-2 

46  4*8  30  297 
46  11*930  20-a 
46  22-830  45-5 
46  28*9  30  44*5 
46  35*631  23 
46  35-431  29*2 

46  36-4  3 »  3**f 
46 

46 

46   21*7 

46  18*9 
46     7 


58-231  58*0 
377.3*  38*0 


45  »o*7 


31  32*0 

31  30-2 

33  43 

32  29-7 


34 


45  "7 
44  35 
44  37*9 
44  *3 
44  *5*3 
44  44*o  34 
44  467;35 

44  57*Oi35  ** 

45  »'6,35  *4*o 

44  59*5;35  49 

45  5*936  *7 


33  *»7 
33  ***? 
33  a9'5 
33  44 

7*7 

17-3 

7 


TABLE  10 


619 


MARITIME  POSITIONS 


(35) 


Places 


Kertcfa,  m,  Ch 

Yenikaleh,  It.  F  342f. 

C.  Kazantip,  Bum. 

Aiabat,  E.  hast 

Jeaichesk     

C.  Berdiansk,  It.  R  1"  85f.  ... 

C.  Bielosani,  It  F  73f. 

Mariupol,  Ch 

Taganrog,  Ch.  S.  Mich 

Azov,  Cath 

Long  nose,  i  

Taman 

Aii£pa,  E.  Ch 

Ghelenjik,  S,  fort 

High  Summit,  4m.  inland 

Sottkonn  Kaleh,  fort 

C.  Batoum,  Mosque  

Rezo 

Trebizonde,  IS,  It.  F  105f.     ... 

C.  leros,  7,  N  pt 

TriboU 

Keresonn 

C.  Yazon,  /,  rks 

EoDieh,  S.  Mosque    

Samsoon,  N.  eztr.  City 

C.  Kizil  Ermak,  W.  mo.  ht. 

Sinope,  Castle 

C.  Jndjeh  Boomou,  ♦    

C.  Kerempeh,  201.,  NW  pt.... 

Amastro,  E.  extr 

C.Baba  

Heraclea,or  Penderekli,  It  F657f 

Kq>hkeD  Adassi  I.,  fort 

Asia  It.  R2-249f. 


Lat.N 


9 

w 

Q 


! 


Rabbit  Is.,  /,  ^  2m.,  W.  cxtr. 
Tenedos  I.,J5t  6m-,rf.NW-d., 

sum 

C.  Baba,  fort 

Mt.  Ida,  5750f. 

Adramitti     

Mitylene,  ^  131.,  £.  pt.,) 
CAgia  Maria / 

—  Mt.  Olympus,  3079f.    

—  Caloni,  S,  Isl 

—  W.  pt  C.  Sign 

—  Sigri,  Port,  S,  town 

Smyrna,  mill  on  Daragaz  Pt. 

Vourla  Scala,  fountain  

C.  Kanboumou,  pt  

Sdo,  KS  27m.,  N.  sum.  4157f. 
Venetico  I.,  off  S.  pt.  of  Scio,  j 
Ipsera  (Psora)  I.,  ^  5m., 

fortatS.pt 

Antipsara,  W.  pt 

C.Blanco    

C.  Koraka,  j 

Sigfaajik,  S 

Solanuoya,    Koosh  Adassyl 

Islet,  y ] 

Samos,  W.  sum 

—  Yathi,  S,  lover,  mid 

—  S.  Dt.,  or  C.  Colonna   

—  MCKerki,  4725f. 

Foumils.,  NS  11m./ S.  extr.  \ 

5.  t    / 


) 


45^ 
45 

45 

45 
46 


21' 
23- 

17- 

lO" 


46  38- 

46  52- 

47     5* 

47  "• 

47     7* 
46  48 

45  13* 


44 

44 

43 
42 

4' 

41 

4« 

41 

4» 
40 

41 

41 

41 

41 
42 

42 

42 

41 
41 
41 
41 
41 


54 

33* 

17 

59* 
39. 

3' 

7' 
1* 

57- 
8 

7' 
x8 

44 

2- 

8 
12 

45* 

20* 
17- 
13- 


Lon.  E 


39  55*5 
39  SO'^ 
39  28-2 

39  4a'o 
39  35*5 

39    07 


39 
39 
39 
39 

38 
38 
38 
38 
38 

38 


4-2 

47 
io*7 

12*4 

26*5 

21*7 

39*9 

33*7 
8-0 

31 


36029-5 
36  39-2 

35  54*o 

35  a9'5 

34  5> 

36  48-2 

37    20'7 

35-5 

57 
26*5 

35 

44 
18-5 

3'? 
]6 

59*7 
37*0 

46*0 
26*0 

49 
a4 

41-5 
177 

21'2 

58' 
125 

58 
17-2 

»4'5 
26 

27 

17-5 

9*4 


37 
38 

39 
38 
36 

37 

4|38 
40 

40 

41 
40 

39 
39 
38 
38 

37 
37 

36 

35 

35 

34 

33 
32 

31 
31 
30 
»9 


26 
26 


38  3a 
38  166 

38     6-5 

38    12'0 

37  52-0 

37  43*8 
37  45*4 
37  38-3 
37  43*7 


37 

5 

26    45 

26  50*5 

27  2-5 

26  37*7 

26    22'C 

26     5-5 

25  50-0 

*5  S>'5 

*7    97 

26  47*5 

16    22*7 
26       1*2 

• 

26  2*0 

»5  35 

25  31 

26  i4'7 
26  36*7 

26  48*2 

27  i6'5 
26  38-5 

27  CO 

26  52*2 
26  387 


37  28*426  31*2 
I 


(36) 


Places 


LatN 


I 

1 


Nicaria,  #  22m.  W.  pt,  or  \ 
C.  Papas I 

—  Beacon,  .^390f.  

Gaidaro,  EW  4m.  sum.  720f. 

Arki,  ^  4m.  N.  pt 

Patmos,  NS  7m.  Prasso  Islet,  \ 

S.  pt J 

—  Scala,  S,  pier   

Lipso,  %  4im.  SW.  pt 

Lero.  ^  8m.,  Mt  KUdi,  1060f. 
Kalymno,  %  10m.  Mt.  Para-  \ 

siva,  2250f. / 

Saphonidi,  -f-  Jm.  sum 

Mt  Samsoun,  4130f. 

C.  Monodendri,  ruin 

Wreck  rk.  21f.    

Kos,  ^  24m.  W.  pt 

—  Mt.  Christos,  2760f. 

Madona  I.  sum 

Nicero,  EW  4Jm.  sum.  2270f. 

—  W.  Islet  off,  «Jf  Im.,  N.  pt 
Piscopia,  ^  S^m.,  sum.  2097f. 
Karki,  EW  5m.,  SW.  pt 

Rhodes,  S,  ffl,  It  F  94f.  

—  W.  pt.,  C.  Monolitho  

—  S.  pt,  C.  Prasso  Nisi  

khina  Id.,  rk 

Scarpanto  I.,  NS  27m.  S.  pt 

Scarpenton  I.,  [2m.]  mid 

Caio  I.,  EW  12m.  SW  pt  ... 
Stasida,  2  Is.,  [2m.}  N.  one... 

Brothers  

Plana  I 

Placa  Is.,  ^  11.,  N.  one   

Secreti  Is 

St  John  I.,  mid 

Gafrani  Is.,  W.  one   

OvoL,  170f.  


C.  Krio    

Pondikttnisi,  730f. 

Agria  Grabusa,  N.  point    

N.  extr.,  C.  Spada,  A,  1,  sum. 

Khania,  53,  It  F  85f. 

C.Tripiti 

Suda,  ffl,  It  F     

Rhytymno,  It  F 

C.  Stavros   

Candia,  DQ,  (It  F  47f.)  

Standia  I.,  summit 

C.  St  John,  Cfl,  SW  2im.    ... 
Yanisades  Is.,  N.  pt.,  Pazi-  ) 

mada    j 

C.  Sidero 

C.  Salomon,  or  Plaka 

C.  Xakro 

Koupho  Nisi,  S.  pt  

Gaidaro  Nisi,  W.  pt 

C.  Litinos    

Mt  Ida,  t-060f.  

Paximades  Is.,  W.  end  

Sphakia   


Gavdo  I.,  -^  5m.,  W.  pt  ...... 

Gavdo  Pulo,  ^  l^m.,  mid.  ... 


37O31/2 

37  3a*a 
37  28*1 

37  24*9 
37  i6-o 

37  I9'5 

37    X8'2 

37  io'7 
36  588 

36  53-0 

37  39*8 

37  a>'3 

37     9*o 
36  43*1 

36  50*0 

36  305 

36  35*5 
36  35-6 

36  26'! 

36    12*2 
36   26'9 

36     8-7 

3  5  5»-4 

35  5»'a 
35  »3'5 
35  5« 
35  19 
35  53 
35  49 

35  51 

36  4 
36  x8 

36  20'8 

36  26 
35  36 


Lon.  E 


^5°59'5 

26  4'7 
26  587 
26  44*5 

26  347 

26  34-0 
26  44*j 

26  51-5 

27  CO 

26  567 


27 

27 

^7 
26 


*7 
26 

^7 
27 


35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 


I3'4 
347 
386 

41 
30-8 

36-1 

29 

22 

25'6 

20*  6 

47 
20-5 


35  «3 


35 
35 
35 
34 
34 
34 
35 
35 
35 


»9 
9-2 

5* 

547 

5*'3 

547 

13*3 
o 

12 


34  50'6 
34  55* 


Boudroom,  S)  Castle 37  a'o 


9'o 
13*0 
177 

56-5 
14*2 

57'5 

II'O 

3-5 

27  21*0 

*7  33'? 

28  16*2 
27  43-i 
27  47'o 

27  56*0 
10 
II 


27 
27 


26  50 
26  51 
26  29 
26  x6 
26  26 
26  46 
26  41*2 
26  38 

^5  35*5 

»3  347 
23*28 

»3  34 

*3  437 
14     1 

24     77 

24  93 

24   29'2 

»4  59 

25  9 

25  14-2 
*5  47 
z6  11*5 


26 
26 
26 
26 

25 
»4 
»4 
»4 
»4 

»4 
»4 


197 
19-5 

I7'2 

87 
41*3 
45 
47*0 
35 

87 

2*3 
0-5 


27   27-5 


520 


TABLE  10 


MAIUTLME  POSITIONS 


(37) 


Places 


i< 


® 


V 


lujahPt 

Symi  I.,  grp.  NS  9m.  S.  islet,  ^ 

Trompetto   j 

C.  Aloupo    

Marmorice,  S,  Castle    

—  Cape  

Kaiagatch,  S,  watering  place 

Linosa  I.,  327f.  sum 

C.  Souvela  

Makri,  S,  theatre  

Highest  sum.,  5980f. 

C.  Seven  Capes,  W.  pt  j  .... 


LAt  N 


36°4i'o 
36  39*4 


Volos  I.,  J 

Port  Yathy,  B9,  sarcophagus  ... 

Port  Sevedo,  S9,  tank     

C.  Roxo,  UipsiU  I.,  t    

Kskava  I.,  -Jp-  4m.  B9,  W.  pt. 
Phineka  Prom.  A,  j,  S.  pt.   ... 
Khelidonia  Is.  NS  2m.,  S.  Islet 
Grambousa  I.,  ^  Im.,  Vl 

NEpart  / 

Yanar,  vole 

Mt  Takhtaln,  7800f. 

C  Avova,  1,  w  W-d. 

Adalia,  CS,  S.  pier-hd 

Esky  Adalia,  theatre,  ^  b^  ... 

C.  Karaboumu    

Alaya,  [Q^,  SE  pt  

C.  Anamour,  1,  (S.  pt.of  Asia ) 

Minor)  j 

Chelindreh,  S,  w  

C.  Cavaliere,  1,  S.  pt.(\VN-d.) 
Provencal  I.,    ^    2m.,    ti^) 

Castle,  sum j 

Pt.  Lissan  al  Kahpeh,  /,  shI.  ) 

4  off    ] 

Lamas  Riv.,  j,  y/  

C.  Kaiadash,  It.  P  131  f.    

Ayas,  tower  on  I  

Alexandretta,  Consul. fl.  St., w  ) 

NE2m ) 

Ras  el  Kbanzir 

Antioch    

RaselBaxit     

Has  Ibn  Hani,  It.  Fl  ev.  min.  ) 

45f.  } 

Latakia,  Cfl,  w.  It.  F  

*luad  I .'. 

Tripoli,  Ramkine  I.,  It.  F' I 

vis.  10"    f 

Ras  Beirout,  It  R  l"  135f.  ... 
Saida,  Jezireh,  2  Its.  P  62f,  .. 

Sur,  21t8.  F56f. 

Acre,  It  F'  

C.  Carmel  Convent,  It.  F  210f. 

Jaffa 

Jerusalem,  KubbetesSakrah, ) 

or  Dome  of  the  rock  ) 

Ascalon,  ruins     

El  Arish,  fort 


C.  Amaut   

C.  Cormachiti 

Tcfaerina,  It.  ?  P,  W.  mole. 


36 

36 
36 
36 
36 


30*7 


33'o 
51-1 

43*9 

36  46*5 
36  35-2 

36  38-1 

36  31-8 

36  23 


Lon.  E 


27°a3'5 
27  427 


11-5 

10" 

6 
9-6 

'4-5 
9*5 


36  13 

36 
36 

36 

36 
36 

36  ns 

36  24 

3fi  31*7 

36  35'4 
36  52*2 

36  45*6 

36  38*0 

36  31-5 

36    o*8 


9 

7-5 


36 
36 

36  ii'i 

36    12'3 

36  33-8 
36  32-4 
36  46'! 

36  35*5 

36  19*2 
36  12 

35  Sa 

35  354 

35  307 
34  5X-7 

34  30 


27 

28 
28 
28 
28 


54"? 


I'O 

19*0 

20*7 

307 

28  29*0 

28  54*0 

»9    97 

29  14*2 

29  10 

29  25 
29  39 
29  41 
29  40 


(38) 


Places 


29 

30 


5» 
9 


33  54'a 
33  34*5 
33  167 

3*  55*5 
2  49-8 

2-7 


0 
3» 


31  46-5 

31  39-0 
31     6-5 

35  «-8 
35  a4-7 
35  »o*9 


30  26*2 

30  30 

30  30 
30  28 
30  38 

30  45 

31  26 

31  43 
3a     I 

3»  49 
33  22 
33  437 

33  48 

33  5« 

34  177 

35  «o 

35  48 

36  97 

35  46 

36  8 

35  47-5 

35  4»"5 

35  45*5 
35  5» 

35  45 

35  a8 
35  a«'5 
35  "•* 
35    4 
34  58 

34  45 

35  '4  7 

34  3*7 
33  480 

32    l6'2 

3a  557 
33  187 


® 


I 


I 


T 


e 


»^ 


« 


N.  and  E.  extr.,  C.  St  Andrea 

Famagousta 

C.  Grego 

Lamaca,  Consul.,  w^  r' 

C.  Chiti, /,  tow 

Limasol   , 

Sst  extr.,  C.  Gatto,  / 

C.  Bianco,  A   

C.  Papho     


Port  Said  (Suez  Canal),  It  R  1 
65f.  / 

NOe,  Rosetta  mouth 

—  Damietta  mouth,  Kawa  ) 
Burun | 

Damietta,  Engl.  Cons 

Cairo,  tow.  of  Janissaries  

Aboukir  B.,  Nelson  I 

Alexandria,  S,  It  R  180f.  ...  ® 

Arab's  tower  

Ras  al  Kanais,  pt 

Marsa  Matroo,  S,  w,  Pt  La- ) 
beit  / 

Ishailoh  rks,  EW5m.,  E.one,  { 
58f.  f 

Ras  Haleimah 

RasalMilhr  

Tebruk,  S,  Saracen  gate  

Bomba,  or  Bhurdah  I 

RasalTyn,  sum 

Dema,  Marabout    

Pt  Zawani  (Ras  al  HilU)  

Marsa  Sousa,  S,  Arsenal 

Ras  Sem 

Tolmeitah,  pt.  of  the  Kothon... 

Bengazi,  Castle  

Gharah  I 

Marsa  Boureigah,  ruin  

Ras  Ben  Jawad,  ruin 

Marsa  Zafran,  Ras 

C.  Misratah 

Marsa  Ougrah,  Ras  al  Tabiah 

Lebida,  Citadel  

Ras  al  T^ourah,  £.  pt 

Tripoli,  S,  Lazaretto 

Tripoli  Vecchio,  03,  fort    

Zoarah 

AlBiban,  rk 

Jerba  I.,  Boukal  Castle 

Kabes 

JebdThelj,  NE  sum 

Sphaz 


LatN 


Lao.E 


35Va34° 


Kerkenah  Is- #•  9I*>  '»  S.  pt 
—  NE  extr.,  Gziral.,  mid 


Kadijah,  tow.  50f.  

Mehedlah,  Castle   

Kuryah  Is.,  NE  pt 

Monastir,  fort  Ghadir 

Susah,  Castle 

Jebel  Zaghwan,  4078f .  

Hammamet  Castle 

Ras  Mahmur  

Kalibia  Scala 

Ras  al  Asuad  (blJt,  Hd.)    ... 

C.  Bon,  1290f.   .^ 

Zembra,  ^,  2im.  sum.  1324f. 


35 

77 

34 

56-5 

34 

55*a 

34  49*9 

34  4>-a 

34 

337 

34 

3S-2 

33 
34 
33 
33 
33 
33 
3» 


36'5 

57-2 

65 

377 
362 

17 

2 

42-2 


34  44*8  32  237 


3>  »57 


31 

3« 

31 
30 
31 

3« 

30 

3« 
3« 


31  19*2 


30-530  195 


33 
»4 

2' I 

21*4130 
II  7 

597 


»5-4 
22-9 


31  313 


37-526 
53*2 


31 

31 

32 

3* 

32  37*7 

32   46*0' 21 


5 
22*6 


31  52 
31  48 


3» 


»5'5 

6 


19  517 
29  347 
27  52 


»7  15-5 


26  387 


*5 
»3 
23 
»3 


3*  57 
32  549 

32  57 

3»  43* « 
32    6-8 

30  47*5 
30  277 

30  49 


3» 

32 

32 

3a 
3a 


12-8  16 


^5 
33*8 
387 
55 


22 
21 
11 
20 
20 

»9 

"9 

18 


«5 

»4 
'4 
J3 


32  54-4i'3 

32  49*8 

8*  55 

33  16 
33  4'i 

33  53 

34  »5 
H  34 

34  35*6 

34  49 

35  H 
35  30*4 
35  48-5 
35  45*4 

35  50*0 

36  21-5 

36  23*6 
36  275 

36  497 

36  s« 

37  5 
37    7*4 


12 
12 
fx 
II 

10 

9 
10 

XI 

II 

II 
II 
II 
10 
10 
10 
10 
10 
II 
II 
II 
10 


o 

57 
59-2 
137 

7-8 

397 
8 

56-5 
421 
53*2 

17 
56-7 

38? 

7 

407 
10 

22*0 

157 

21 

11*2 
26-5 

4 
13 

0*2 

4 

5» 
46*2 

3» 
i«-5 

10 

5 

3 

507 

39 

7'» 

37-' 

49 
6 

7 

2'7 
485 
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MARITIiME  POSITIONS 


(39) 


Places 


Lat.  N 


482f. 


Goleta,  CB    

Tunis,  canal  entr.  .. 
C.  Carthage.  It.  II  1 

Piana  I.,  KW  Im 

Cani,  rks.  -j^  Sm.  It.  F  I29f.... 

Beniert^  Fort 

C.  11  Guerra 

Fratelli,  rks.  -^  West  Rock... 
Galita  J.  jjj^  3in.  pk.  Monte  1 

Guardta,  Jy40f.  / 

Sorelle,  rks.»  A\'enger  reef. 


Lon. 


36°48'4 
36  48*0 

36  524 

37  IO-8 
37  21  a 
37  «7 
37  »9*9 
37  17-9 

37  31*3 

37  »37 


East 

io«i8'5 
10  12 
10  21-5 
10  202 
10     8-0 

9  53 
9  52*2 
9  24*2 

8  562 
8  37-5 


® 

I 

o 


Fabarca,  N.  tow 

UCala,lB,lt.  F  52f. I 

Bona,  Lion  Ft,  It.  F  16 If.    ... 
C.  de  Garde,  It.  R  i™  466f.   ... 

Ferro  I 

Raa  Hadid,  or  C.  Ferro,  Islet . 

Philippeville     

Sriginal.,  It,  F  180f. 

CoUo,  It.  Fl  every  2™.  84f.    ... 
C.  Bngiaron,  (3579f.  7m.  in-  j 

land,)  N.  pt J 

Marsa  Zeitoun    

Jijeli,  It.  F  49f.  

Mt  Babor,  6200f. 

Bajeyah,  Castle 

C.Carbon,  It.  R  722f.  

PUan,  rks.,  %  Im.,  w.,  W.  ) 

pt ] 

Mt.  Azafouu,  43G0f.  

C.Bengnt    

C.Tedl^ 

Dellys,  NW  part  of  City,  It.  ) 

F4in } 

C.  Matifou,  E.  sum 

Algiers,  mole  It.  R  \^,  115f.  ® 

C.  Cazine    

Scherschel,  CQ,  fort  It.,  F  46f. 

C.  Tenez.lt.  R  1™  222f.    

Palomos  I.,  rk.  -*-,  85f. 

Mostaganem,  It.  F  121f.    


58-0 
54-0 

54*5 
58-0 

5 

5' 
52-8i 
56-3 


36 
36 

36 

36 

37 

37 
36 

36 
37     1 
37     6-3 

36  57 
36  50*0 

36  3*'5 
36  44*5 
36  47 

36  498 

36  50 
36  57 
36  55 

36  55*5 

36  489 
36  47*3 
36  50 
36  36*8 
36  33*o 
36  26'3 
35  560 


Arzeu,  fort,  It  P  30f. 

C.  Ferrat,  1,  A,  lesser  sum.  ... 

Pt  Abuja,  2050f.,  pt 

Gran,  It  Ri«»118f.  ., 

C.  Falcon,  /,  t,  E.  part.  It  .... 
Habeeba  Is.,  -^  3m.  1%,  sum.  \ 

387f..lt / 

Zafarinels.  EWl  Jm.  W.  ext.  \ 

sam.  441f.  j 

MeKlla,  21  

C.  Tres  Forcas,  N.  pt  mid.  ... 

Alboran  I.  #  Im.  68f. 

C.QniUates 

Mostaza  

Tetoan,  Cnstom-ho 

Ceota,  It  R  !■  476f. 

Tangier.  Consul's  house.  QX.  ?) 

Porto  Santo,  J*  7m.,  sum.) 

1660f.  / 

—  Villa  of  Baleira 

Styx,  rks.  NW  of  P.  Santo,  H 


35 
35 
35 
35 
35 


5»'7 

54-3 

53 

44*3 
464 


35  43 

35    II'O 


18-3 
27 

58 

i6*5 

9*7 
37 
53-6 


35 
35 

35 

35 
35 
35 
35 
35  47'a 


33     5'o 


33 

33 


3*5 
II 


8  45*5 
8  275 

4« 

48*5 
20 

lO'P 

53-0 

53 
36*5 

25-3 


6 

5 
5 
5 
5 


44*7 
27 

4-2 
61 


4  592 


25 

55 

9 

56-: 

16 

55 
o 

X2*0 
21 

55-7 
5'5 
West 
o  17*0 

22*5 

29 

41*0 

47-» 
8 


4 
3 
4 


2  25-7 

2  57-0 
2  59 


(40) 


Places 


e 


3  » 

3  45-5 

4  *6$ 

5  18 
5  17 

5  48  2 

16  19*5 

16  20'2 

1-6  24 


e 


Desertas,  %  12m.  sum.  1610f. 

—  S.,  or  Aguiha  pt.  ...; 

Madeira,  EW,  30m.,  E  pt 

FuNCHAL,  Brit.  Cons.  (H 

Pico  Ruivo,  6100f. 

West,  or  Pargo  pt 

Salvages,  2  grps.,  ^  15  m.  | 
NE  breaker ] 

Great  Salvage, ^  1  }m. ,  Wsum. 

Great  Piton,  ^  3m.,  (rks. ) 
S^m.  W.)  sum ] 

Nst.  or  Alegranza,  ^  24m.,  ) 
SWsum.  939f. / 

Clara,  -^  Im.,  Npt 

Graciosa,  ^  5m.  t^,  SW  pt.... 

East  rock,  [3c.] 

Lanzarote,  J*  32aa.,NWpt... 

—  S.  pt 

—  Arecife,  (Port  Naos, 

fort  Gabriel 


LatN 


:) 


Lobos  I.,  if-  2m.,  N  pt    

Fuerteventura ,  -^  53m., NW  pt 

—  Port  Cabras  , 

—  S.  pt.  or  Pt  Jandia,  /  

Grand   Canary,    NS    25m.,  \ 
NWpt ] 

—  Palmas,  mole  head 

—  S.  pt 

—  Isleta,  ^1*  2m.,  sum.  847f.... 

Tenerife  I.,  N  pt,  Anaga  rk. 

—  Sta.  Cruz,  Brit.  Consul,  w'" 

—  S.  pt.  or  Pt.  Rasca   

—  Peak,  12,172f. 

—  W.  extr.,/ 

—  Orotava,  port, 


Gomcrt,  EW  J4m.,  W  pt. 
—  Sum.  1440f. 


I-ierro,  or  Ferro,  -^  15ia.  N 


extr. 


—  W  extr.  (or  Meridian  qf\ 
Ferro) J 


Palma.  NS  14m.,  N  pt 

—  S.  pt.  or  Fuencaliente   , 

—  Sta.  Cruz,  fort  San  Miguel 

Corvo,  ^  4m.,  w,  N  pt 

Flores,  NS  9m.,  N  extr , 

—  Sta.  Cruz,  fort    ...    

Fayal,  %  11m.,  W  pt 

—  Horta,  Sta.  Cruz,  castle  .. 

Pico,  %  25m.,  Pk.  8400f.  ?  .. 

—  E.  pt 

St  George,  %  29m.,  S  and\ 
Ept / 

—  N  and  W  pt.  outer  rk 

Graciosa,  ^  7m.,  W  pt   

—  Praya,  castle 

Tercera,  EW  16m.  Praya 

—  Angra,  Custom  ho 

—  Sum.  3495f.  


32"3i'3 
32  23 

3a  43'4 

32  377 
32  45*0 

32  48 

30    8-6 
30    7-5 

30      I'C 

29  a3'3 
29  x8*o 

29    I2'7 

29  i6'4 

29      2*7 
28  50*0 

28  57*o 

28  45-5 

28  42 
28  29 
28     3*0 

28    9'6 

28     7*0 
27  438 

28     lO'O 


Lon.W 


28 
28 
28 
28 
28 
28 

28 
28 


36-6 
282 

O'O 

i6*5 

20'5 

25*2 

6-5 

6'7 


27  50*5 


16^30^7 
16  27 

16  39-5 

16  54-7 

16  57-0 

17  17 

>5  497 

15  51-2 

16  0*2 

»3  31*5 

13  32-2 
13  32-7 

13    20'0 
13    48*0 

13  47-0 
»3  32-5 

n  48-5 

14  1 

13  51-7 

14  31*0 

15  43-2 


'5 
J5 
'5 

16 
16 
16 
16 
16 
16 

17 
17 


a5 

34 
25-5 

8-5 

H7 
41*2 

39'o 

55 
32*0 

20*5 

n*5 


17  55 


27  42*5  >8    97 


28  51*3 

28  26*7 
28  40*5 


39  43*5 

31 

39  3i'6 

31 

39  a7'o 

31 

38  35-6 

28 

38  3>7 

28 

38  28-0 

28 

38  247 

28 

17 
17 
17 


38  32-5 

38  45*2 

39  4*4 
39     3*2 

38  437 
38  389 
38  43*5 


53*5 
497 
44*5 

7'? 

13-0 

8-0 

50-5 

38-5 

25*0 

3*o 


27  467 

28    20'2 

• 

28  47 
27  58-5 

4-? 
»37 


27 

27 

27  20-5 
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MARITIME  POSITIONS 


(41) 


Places 


9 


I. 


I 


«i 


Lat.  N 


St.  Michael,  j,   E  or  Mar- ) 
quesa  pt j 

—  Delgada,  It.  11  Of.,  Cus-  i 
torn  ho.  quaj  j 

—  West  pt.  orPt.Ferraria,  It.  1 
bad / 

St.  Mary  I.,  %  9m.,  town 

—  mid.,  sum.  1660f. 

Formig^as,  NS  fm.,  60f.     

Dollabarats  shl.  [Ic  ],  ITf.  ) ... 

St.  Antonio,  ^  22m.  N  pt.  ... 

—  West  pt 

—  Sum.  7400f.   

—  Tarafal  B.  wat.  place 

—  South  pt 

—  East  pt 

St.  Vincent,  EW  16m.,  S  pt 

—  Porto  Grande,  S,  Bird  I.,^ 

St.  Lucia,  %  7m.,  N  pt  

—  Village,  ruins,  SW  side,  w. 

Branca,  ^  3m.,  N  pt 

Raza,  /,  T,  EW2m.,  mid 

St.  Nicolas,  •%  25m.  N  pt  .. 

—  Eastpt 

—  South  pt 

—  Westpt 

Sal,  NS17m.,  Npt 

—  NWhill 

~  Martinez  Pk.,  1340f. 

—  Wreck,  or  SE  pt 

—  South  pt 

Bonavista,  EW  18m.,  N  rf. 
and  pt 

—  Hartwell  rf,  ),  NE  pt  ... 

—  East  extr.  or  Sandhead, 

outer  rk 

—  South  pt.  (rks.) 

—  Westpt,/ 

—  New  town,  ch. 

Leton  rks.,  [Im],  ff,  J,  r 

Mayo,  NS.  12m.,  N  rf.,  Ni 
and  E  pt ) 

—  North  pt 

—  South  pt 

—  English  town,  fl.st.  hill   ... 

St  Jago,  \  31m.,  E  pt  

—  Port  Praya,  Quail  I © 

—  Mt  St  Antonio,  7400f.?... 

—  West  pt ,  extr 

—  North,  or  Bighude  pt 

Fogo,  EW  15m.,  N  pt 

—  Luz,  town,  r,  w,  Ch 

—  Peak,  9760f.  

Brava,  NS  6m.,  W  pt 

—  South  pt 

—  Two  Islets,  EW5m.,Wcxtr. 


) 


) 


The  Islands,   ^  15  m,    E 

extr.  of  rfs 

North  rk 

West  extr.  of  reefs 

South  extr.  of  reefs 


! 


37°48'3 
37  44*i 

37  5J7 

36  56*6 

36  58-5 

37  l6*2 

37  i3'7 


7 

7 

7 
6 

6 
7 
6 
6 

6 
6 

6 

6 

6 
6 
6 
6 

6 
6 
6 
6 
6 

6 
6 
6 

5 
6 

6 


5 

5 
5 

5 
4 
5 
5 
5 

5 
4 
4 

4 
4 
4 


Lon 


•WJ     (42) 


Places 


25°    8'2 

25  40-7 

25  52-1 
25   9-5 

25     6-2 

24  47*5 
»4  44*5 


12'0 

4-0 

4 
57*2 

54' 7 
5*5 

47*0 
54*7 
49-0 
45-0 

41*0 

38 
41 'O 

34'5 
28 

37*7 
5i'o 
48*0 

49 
35-0 

34 

14 
II 

7 

57'o 
2-3 

7*6 


5  48 
5  20 


19*0 

6-5 

8-3 

I 
54-0 

2 

17-3 
19*0 

53*0 
56 

49'7 

46 

57 


25 
*5 
^5 
*5 
^5 
^4 
24 

*5 

^4 
24 

»4 

*4 
24 

24 

24 

22 
22 
22 
22 

22 


57 

22*5 

17 
19*0 

i8'5 

59*0 

59*o 
1*2 

• 

47*o 

45*5 

41*5 

37 
20*  5 
o 
•  8s 

26'2 

• 

55'o 

59*5 
56 

53*5 
57 


22  57 

22  41 

22  40 

22  49*5 
22  59-5 

22  55*5 

23  10 
23  II 


32  26 

28*4 
16 


32 

3» 
3* 


12 


23 

^3 
43 

13 

13 
23 

»3 
*3 
24 
24 
24 

24 
24 


I2*0 

io'5 

»3'? 
26 

307 
39 
48 
46*0 

21*5 

30-5 
20 

45? 
427 

43 


64  37 

64  477 

65  3 

64  52 


1 

e 

< 

(4 

h 


.2 

I 


Dockyard,  dock     ^. 

Wreck  hill  

Light,  R  1™.,  365f.  . . 


e 


Region  of  Submarine  Volca- 
noes, 7°  N  to  1°  S,  16°  to 
24°  W 

Penedo  de  San  Pedro,  or  St. 
Paul's  rks.,  Um.],  l^, 
mid.  rk.,  60f. 

C.  Spartel,  It  F312f. 

Mt  Habae.  3000f. . 

Araish,  w'    

Jebel  Sarsar,  or  pk.  of  Fas. 

Mehedia,  456f.   

Sallee,  IS 

C.  Dar  el  Beida  ..  

Azamor,  120f.  r. 

Mazagan,  w',  f  

North  C.  Blanco,  I70f. 

C.  Cantin,  i,  2 1  If.  (rks.  off)... 

Safi,  Mosque,  209f ,  w  , 

JebelHadid,  SWsum.  2100f.,  ] 

tomb j 

Mogador,  or  Souirah,  QQ,  w  r 

C.  Tefelneh,  700f.  pt .'..! 

C.  Ghir,  1,  I235f.  pt , 

Mt.  sum.  E  of  C.  Ghir,  4400f. 

Sta.  Cruz,  or  Agadir,  r 

R.  Sous,  bar  

Macas,  or  Messa  R.,  Castle 

Cleaveland  Shl.  ? 

Fogo  Pk.,  2970r 

C.  Noun,  1,  T,  170f. O 

R.  Noun,  or  Soleiman? 

Port  Cansado,  /3,  entr.    

C.  Juby,  /,  M  

False  C.  Bojador 

C.  Bojador,  /,  W  pt 

Penha  Grande,  300f.  

C.  Seven  Capes,  Central  C. 
Durnford  Pt.,  entr.  R.  Ouro,  CD 
Down  of  Cintra,  or  peaked) 

sandhill,  w j 

C.  Barbas,  1   

C.  Blanco,  1, 150f.,  (w  N-d.)  \ 

(>SW-d.  5m.) i 

Aiguin  bk.  (lim.  of  ^,  i  ),  N  extr. 

—  West  extr 

—  South  extr 

C.  Muik. /,  ^  2  or  3  I.  off 

Portendik,  v^  ^^,2^  near 

Mosquito  Lagoon  9 

Barbarie  Pt  


Senegal,  Qj],  St  Louis,  (bar,  I 
)),  fort  11.  St.,  and  It  F  ..  / 
C.  Verd,  W  pt  of  Africa,  extr. 
Almadies  rks.  ^,  W  and  highest 

C.  Manoel 

Goree  I.  %  4c ,  [E],  fl-  st    It  F 

Amboroo  bk.,  Wpt.,  T 

Bird  I.  ^  2m.,  Pilots,  fl  st ... 
R.  Gambia,  S,  |Q,  Bath.  H.  st. 

C.  St  Mary,  / 

Bald  Cape  (Is.  4m.  W.d.)  . .  . 
Casamanza  R.  French  Estab... 


Lat.  N  i  Lon.  W 


32°i9'4  64"5''5 
32  16764  .4-7 


31  15 


o  55*5 


35  47*2 
35  *8 
35  "8 
34  54 
34  18 
34  »7 
33  38 
33  18 

33  ^5 
33  8 
32  32J 
32  18 

31  42 

3»  30*5 
31  6 

30  38 

30  39 
30  26 

30  22 

30  4 

30  45 
29  II 

28  46 

28  42 

28  2 

27  58 

26  25 

26  7'o 

25  7 

24  41 

23  36-0 

^3  5 
22  19} 

20  46J 

20  33 
20  6 
19  17 
19  24 
18  19 
16  35 
16  55 

16  0-8 

14  45-1 

H  444 

H  39 

»4  39*9 
14  ]6 

»3  39*5 
13  28*0 

13  30 

13  23 

'i  35-5, 


64  515 


29  22*5 


5  557 

5  43 

6  9 

5  47 

6  36 

6  46 

7  36 

8  15 
8  29 

8  38 

9  21 

9  12 

9  29 

9  46? 

9  48 
9  50 


9  33 

9  3* 

9  30 

9  38 

10  21 

10  6 

i'  3 

"  5 

12  14 

12  52 

14  12 

14  29 

14  50 

15  0 

15  58-0 

16  10 

1645 

17  4 

16  56 

>7  7 

16  32 

1632 

16  2 

16  30 

,63+ 

16  330 

17  3»» 

i7  35 

17  26 

17  24-5 

17  3 

16  40 

16  35-0 

16  41 

16  50 

16  4S 
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MARITIME  POSITIONS 


(43) 


Places 


} 


I 

is, 

3 


::} 


■s 


3 


I 


5 


C.Roxo,  /,  Sand  hiU,  t, 

Falulo  breakersi  \  Sm.,  j, ) 

Wpt / 

Fort  Cacheo,  Portog.  Settlem. 

Cayo  Is  ,  /,  7,  %  S  pt 

Bilbao,  S,  Wy  r  

Bijouga  Is.  P,,W  eztr.  break- ) 

erSOm.,  out / 

—  South  breaker 

PuUam  I.  [Im.],  /,  f  ,(rfg., 

SW8m) .'.' 

Alcatraz  reefs,  J^  7m.,  NE  \ 

Id.-^  / 

i  Coiifiict  r&.,  8  and  E  prong.  .. 

iRocky  Head,  T 

Bio  Nunez,  ir,  P,,  Sandy  I.  . .. 

C.Verga,  pt  / 

Mt.  Kakulimah,  2900f. 

Is.  de  Los,  £W  6m.,  w',  r, ) 
Crawfoni  Id.,  Engl.Estab. ) 

—  W  one,  Tamara  I.,  8  I 
T,^E,Wpt 

SallahtookPt 

Ydlaboi  1.,  EW  2m.,  t.  W  diff 
C.  Sierra  Leone,  It  F  96f.  [Q. 

Freetown,  N  battery  

False  C.  Sierr.  L 

C  Shilling,  /,  ^,f  sum.  over  ... 
Bananas   Is.,    ^    5m.,   w,  \ 

Gov.  ho. j 

Plaintain  Is.,  EW  5m.,  outer  rk. 
Shis,  of  St  Ann,  NW  patches,  i 
Turtle  Is.,  /,  N  Id.,  [^m.]  .... 
Sherboro  I.,  W  pt ,  or  C.  St  \ 

Ann,t i 

R.  Shebar,  E  entr.,  or  Mana  Pt. 
R.  Gallinas,    Kamasoun  1. 

[Im.],  W  elbow 

C.  Mount  Riy.,  town 

C.  Mount,  w,  pk.,  1060f. 
C.  Mesurada,  81.,  ^^  w 

F?240f. 

MonroTia,  Govt.  ho.  . 
Marshall,  Agent's  ho. 
Grand  Bassa,  Amer .  Agent's  ho. 

Tabocannee  rk 

Trade  Town 

Mt  Tobacco,  830f.  

Cestos,  factory 

R.  Sanguin,  r,  b,  Pt.  Sanguin 

Bloobarrapt 

Settra  Kroo 

King  William  Town,  Europ. ) 

factories  j 

ColeyS,  T  

C.  Fdmas,ItF  lOOf. 

Tafou  pt 

Kadahboo  bluff  


) 


r,  It.  I 


Oval  Mountain,  13I5f.  

King  George  Town 

C.  Lahou 

Head  of  the  Bottomless  Pit,  ioo 

Assini  R.,  entr.  bar,  iTf.    

ApoUonia  (abandoned)  

.\xim.  Dutch  fort 

C.  Three  PU.,  )o  ^^-f  ^  eztr. 


LatN 


12°  20' 


12     lO 

12   i7'7 
II  50 
II  52 

II  30 

10  43 
10  52 

10  37 

10  22 
10  6 
10  37 
10  12 


9 
9 


45-8 

27-4 


9  18 


9    4 

8  57-0 

8  30*0 
8  29*9 
8  26 
8 

8 


10 


8-0 


7  54 
7  58 
7  40 

7  34 
7   23 


O'X 


45 
43 


19*1 
8-1 


»9 

6 
6 

5  54*1 
5  48 
5  44 
5  47 
5  a6-4 

5  "'7 
4  59'a 
4  54 

4  49 


4 
4 
4 
4 
4 
4 
5 
5 
5 
4 
4 
4 


a3 

22' I 
24*8 

39 

57 

58 
II 

15 
8-6 

59 
52-3 

44' 7 


Lon.W 


6°  46' 

6  44 

6  13 
6  22 

5  37 

6  58 

6     9 

5  43 

5  »^ 


4 
6 


4  42 
4  28 
3  28 


3  48*0 


3  5» 


20 
18 
18 

18 


3 

3   10 

3  "7 

3  3 
3  34 
3     4, 

2  58 

2  31 

I  387 

I  23 
I  21 

o  50 


49-0 

"7 

4-0 

I 

54 

44 

34*7 
20*2 

2'0 


8  50 
8  43 


7 

7 

7 
6 

6 

6 

4 
3 

3 

2 

2 
2 


54 

44'? 
21-5 

54 
48 

3 
31 

57 
23 

35 
14-7 

57 


(44) 


Places 


3 

e 


Dix  Cove,  f,  fort 

ELmina,  Dutch  fort 

C.  Coast  Castle,  It  on  Fort  \ 
Will.,  192f.,  f  GM.T.) 
O*  0-  0«,  f  w,  NE  bast.  E ) 

Accra,  Fort  James,  H^ 

Camel's  Hump,  1200f.  


S 
S 


•to 

is- 


I 

<5 


•to 


) 


Lat 


<3 


R.Volta,  Wpt,  /,  entr 

C.  St  Paul,  /,  (no  distinct) 
cape),  f,   j 

Jella  Coffee     

Quitta,  Danish,  r,  SE  bast.    ... 

Little  Popo,^,  L,  NW  shed  .. 

Grt.  Popo     (bar.  J) 

Whydah,  fl.  st 

Porto  Novo  (no  port) 

Badagry,  shore  hut  

Lagos,  entr.  [^m]  bar  e  f.  E  pt 

Oddy  Sand  beach,  ends  ab- 
ruptly to  E-d 

R.  Benin,  oar  uf.  NW  pt. 

R.  Forcados,  enc.  S  pt   ., 

R.  Quorra,  or  Niger,  £  pt. 

C.  Formosa,  /,  1^  (no  distinct  1  ! 
cape) I 

New  Calebar  R.,  entr.  lif . ,  W  pt 

Bonny  R.,  entr.  isf.,  E  pt, ) 
j,r,  rough  comer j 

Old  Calebar,  Tom  Shot's  Pt... 

Mt.  Cameroons,  13760f. 

Cape  Cameroons  

Rumby  Mountains,  sum 

Qua  Mount,  25  1 i 

AmbasB.,MondolehI.  [im.] 
*»  f.t  w,  S  pt 

Suellaba  pt.,  (rf.  3m.  off)  ... 

The  Mitre,  3940f.,  S  sum 

C.  St  John,  t    

Corisco  I.,  /,  X  

C.  Esteiras  

Gaboon  R.,  jr  w,  S  pt,  entr.... 

King  George  Town 


) 


) 


Fernando  Po,  ^  40m.  J^  3m. 
C.  Bullen,  or  N  pt 

—  Peak,  10710f. 

—  S.  pt,  or  C.  Barrow 

—  ClarenceCove,w',b,  Ade- 
laide islet       IQ 

Princes  I.,  NS  9m.  N  rk.  off 

—  St.  Antonio  B.,  fort  Sta.  'i 
Anna ) 

—  Diamond  rks.  off  NE  pt, 
large  one 

Brothers,  2  Is.,  NS  2|m.,  S  one 

St.  Thomas  I.,  -jjp-  25m.  sum.  \ 
7020f.  / 

—  Sta.  Anna  de  Chaves,  fort ) 
St  Sebast ) 

—  Ilha  dasRollas  [Im.]  off 
S  pt 

Annobona,   •%  4in.^    J^    .,  \ 
Turtle  I.,[lm.,]f ,  w,  r  ...  j 

—  NWpt 

—  S  extr.,  rk.  off   


j 


) 


) 


North 
4°47'8 
5    4*8 

5     5*4 

5  31-8 
5  37 

5  46-0 
5  50 

5  52 

5  551 

6  13*6 

16 
iS'9 

43 

6  24*2 
6  26 

6  20 
5  46-0 

5    22*0 

4  17 
4  15 
4  a3 


6 
6 
6 


Lon. 


4 

4 
3 
4 
5 


3 

I 

I 
o 
o 
o 
o 


43 

36 

13 
55 
57 
»5 

587 

51 

20 

97 
55*9 
38 
22 

8 


3  48 

3  35 
3   13 

3  46*0 

>  43 
I  39"5 

I  407 

I    21*1 

o  14-7 

O    20*5 

South 

0  o'5 

1  24-3 

I  24-3 
I  286 


West 

I    22'2 
^     137 

o  11-5 
o  31 
East 
o  41-2 

o   58 


I 

0 

0 

597 

I 

3^'? 

I 

54 

2 

5-0 

2 

35 

2 

53? 

3 

26*3 

4  317 

5  4 

5  >9'? 

6  4 

6  II 


7 
7 


8 


8  19 

9  12 


9 
9 


30 
18 


8  51 

9  "'5 


9 
9 


35 

57 
9  22 

9  20 

9  21 

9  a3 
9  44 

8  43 

8  47 
8  43 

8  47-5 

7  13 
7  *«'5 

7  a77 
7  i7'5 

6  33 

6  43 

6  30 

5  38-2 

5  35'7 
5  36-7 
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TABLE  10 


MARITIME  POSITIONS 


(45) 


Places 


■S 

•i 


1 


LatS 


Ascension,  EW  7im.»  Bar- 1 

rack  square  [El j 

~  Green  Mtn.,  2820t 

—  Cross  HUl,  850f.  on  with\ 
Gr  Mt.,  S  71    E j 

St.  Helena.  ^  9m.,  Diana's 
pk.  2700f 

—  Observ.,  f  1»»,  or  G.M.T. 
li«  22""  56«  (&at  M.  noon)/ 

Fernando  Noronba,  Is  ,  ^^  ^ 
6m.,  S  and  W,  extr.  pt... ) 

—  peak,  on  SE  side  

Rocas  [4m.],  rf.  NW  end 

Trinidad  I.,^  4m.,  2020f.S  pt. 
Martin  Vaa.  3  Is.,  NS  l^m., ) 

vis.  11  1.,  large  one j 

Tristan  d'Acunlia,  [6m.]    \ 

Waterfall,  N  side    }  - 

Inaccessible  Is.,  161.,  ^A 

t,  w,  Wone ]  '" 

Nightingale  I.  [2m.] 

Gough's  I.  [5m.],  4385f.,  \   _ 

Npt i  ® 

Nazareth  R.,  Fetish  town,  W  \ 
entr .^ ) 

C.  Lopez,  /,  T,  r, 

C.  St.  Catherine,  [t] 

Settee  R.,  a  high  t 

Mayumba  B.,  f,  Matooti  Pt.... 

Loango  R.,  entr 

Black  Pt,  B.,  [t] ,  V",  Sandy  \ 
Pt.,  / e) 

Congo  R.,  Py,  Pt.  Padron .... 

—  S.  entr.,^or  Shark's  Pt,  j,  \ 

K  2c / 

Ambriz,^^  

Dand6  Pt.,  and  riv 

C.  Lagostas,  rks.,  N  pt. 

St  Paul  de  Loando,  bB,  [Q,  > 

fl.  St        [0 j 

C.  Ledo,  A,  ^,  pt 

C.  St  Bras,  EQ,  r 

Nova  Redonda,  r,  vt  L 

Quicombo  B  ,  fi  Im.  out,  \ 

w,.  Spt ._,..f  ® 

St.  Philip  de  Benguela,  r,  w,,  \ 

fort,  fl.  8t ) 

Logito  R.,  w'"  r 

Lobito,  EB,  r,  w%i  pt 

Salinas  Pt,  /,  f  at  pt e 

Elephant  B-,  S,  E  r  wi^,  \ 

Monks,  or  Friars,  rks.  >  e 

12or  14f. J 

C.  St  Mary,  j,  \^ e 

Little  Fish  B.,  Long  Pt.,  F  e 
C.  Negro,  200f.,  /  pt,  Diaz's  \ 

Pillar _..^. / 

Port  Alexander,  S,  r  w^ 

Great  Fish  B  ,  w,  F,  Tiger  \ 

Pt,  T,  ^o2c / 

Nourse  R.  (temporary)  O 

!  C.Frio 

C  Cross  (or  Sierra) 

Mt.  Colquhoun,  17  or  18  1...  e 
Walvisch   B.,   B9,   r  n^,        I 

Pelican  Pt j 


7"S5'5 
7  57 
7  55*7 

"5  57 
15  55-0 

3  5a 


Lon. 


West 

i4.°25'5 
14  21 

14  25-0 

5  4a 
5  44'o 
32  28 


(46) 


Places 


3  so'A\^^  25*5 


3  5»-5 

33  49 

20  31 

29  19 

20  28 

28  51 

37  47 

12  i8'5 

37  17 

12  36 

37  27 

12  29 

40  19 

9  44 

East 

0  37 

9  ' 

0  36*0 

843 

I  51 

9  6 

2  23 

3    22'7 

4  39*5 

4  49 
8 

4-6 


6 

6 


7  5» 

8  28 

8  4S-I 

8  48-1 

9  46 

10  X 

11  12 

11  20 

12  33-9 

11  58-5 

12  20 

12  53 

13  14 

13  25 
»5  ^3 
15  407 

15  46 

16  30*2 

17  25 

18  23 

21  50 

22  32 


9  26 

10  38 

11  45 

11  46 

12  II 

12  15 

13  2 

>3  19 

13  17-5 

>3  13*5 

13  17 
13  22 

>3  54 

13  48 

»3  45*9 
13  46 

13  32 

»»  55 
12  45 

12  33 
12    9 

11  58 

12  o 
II  46 

11  54 

12  2 

»3  57 


Ut.  S 


22  52-5  14  27 


s 

< 


a 

h 

P 
o 

03 


e 


Port  Sandwich,  or  d'Uheo,  \ 

IS.r*. 1  ® 

HoUam's  Bird  I.   [2c.],  rf.  \ 

SW5m,  ^.  L  .1 

Mercury  I.  [JmJ  O 

Angra  Pequena,  r,  w  N  10m., ) 

SW  or  Pedestal  ]Pt / 

Seal  I.  [Im.],  v^ 

Possession  I.,  %  3m  ,  rfs.  1    . 

off",  %i&,  Spt f  ^ 

Arched  rk  ,  lOOf. e 

Orange  R.,  /^,  bar  

C.  Voltas,  w,  

Koussie  R  (Urn.  Cape  Co-  \  ^ 

lony) }  O 

01ifant'8R.,orElephant'sR.||o 

C.  Donkin  

C.  Deseada,  1,  h 

Berg  R.,  entr.  (w'  5m.  up) 

Britannia  rk.   

St.  Helena  B.,  Pt.  St  Martin,  I 

Pt.  Paternoster,  or  W  pt 

Sunken  rock? 

Saldanha  B.,  r,  r,  w.  Ship  rk.,  \ 
at  Npt / 

—  Houses  B.,  S,  Hout  pt.... 

—  Schapen  I.,  V,  W  pt 

Dassen  I.,  ^  2m.,  /,  /^i  *%,  | 

fi  2m.,  cent ) 

BockPt 

Robben  I.,  %  l^m..  It,  F  I34f. 
Table   B.,  Green  Pt,  2  Its. ) 

F65ft.       H / 

Devirs  Peak,  3270f. 

Cape   Observatory,  ♦  1**  I 

G.M.T.  ii»'46«  5« J 

Cape  of  Good  Hope,  It  R  1 

ev.  min.,  816f.     ) 

Bellow's  rk 

Simon's  B.,  Dk.  yd 

C.  Hangklip    

Danger  Pt,  /,  rks.  2m.  bluff. 

Quoin  Pt 

C.  Agulhas,  S  extr.  of  Afirica, 

It  F  128f.    

PtStmys,  }3m 

C.  Infanta,  S  pt,  Sebastian  B. 

C.  Barracouta 

C.  Vacca 

Flesh  Pt 

C.  St  Blaize,  It  P  240f.  

Knysna  R.,  Q],  entr.  1    

Plettenburg  B.,  w,  r,  r,  S  pt.,  I 

or  Seal  C I 

C.  St  Francis,  rf.,  /3,  j •- 

C.  Redf,/,  It  R 1"  93f.  (rf. 4m.) 
Algoa  B.,  Port  EUzabcth,  It ) 

F.  225f.    f 

Bird  Is.,  ^  3m.,  E.  pt.  2  lu.  F. 

Pt.  Padron  

Kowie  R.,  entr.  Port  Alfred  ... 

Grt.  Fish  Pt 

R..  entr 


LoilB 


i.^'^So' 


*4  37*4 

25  46 

26  38*4 
26  34 

26  58 

27  20 

28  38 

28  44 

29  40 

31  38 

31  54-2 

32  18 
3a  45 
32  38 

3i  40 

32  42*2 

3»  5* 

33  1*7 


33 
33 


} 


Keiskaroa,  R.,  entr.,  W  pt 

Cove  rks.,  centre    

Buffalo  R.,  light 


I 


O'l 

4'* 
33  26*2 

33  33*8 
33  49a 

33  54'* 

33  57* 

33  560 

34  21*2 

34  *3 
34  »«*3 
34  a3'a 

34  3r« 

34  468 

34  49*7 

34  4''4 
34  a8-4 
34  a6-4 
34  19*7 
34  "77 
34  "•* 
34    5 

34    6- 5 

34  "6 
34    n 

33  57*7 

33  50*5 

33  46-5 
36 

31*4 
33  »9'6 
33  »6-7 

51 

1-7 


33 
33 


33 
33 


4^25' 


4  3» 

5  o 
5  8 
5  H 
5  '3 

5  »9 

6  28 

632 

7    10 

8  12 
8  19 
823 
8  13 

7  4' 

7  59 
7  54*? 
7  46 

7  54 

7  58*0 

8  1*0 

8    67 

8  19 
823 

8  245 

8  267 
8  287 

8  29r5 

8  19-7 

8  26-0 
8495 

9  '77 
9  385 

o    07 


20 
I 
I 
I 

2 


14*2 

5« 
i8'4 

55 
57-0 

9*5 

37 


3  tS 

4  5a* 

5  4»» 

5  3r7 

6  17*2 
628 

6  54-2 

7  7 

7    8*5 

7  *9"5 
7  49* 
7  SS'O 


TABLE    10 
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MARITIME  POSITIONS 


(47) 


Q 


•••••••••••••«•••■•••••• 


) 


j 


Lat.  S    Lon.  £ 


< 

ma 

Dk 
-< 

X 

O 
CO 


1 


C.  Morgan 

Hole  in  the  Wall  • .. 

Rame  Head 

St«  John's  R.,  entr. 

C.  Natal  

Port  Natal,  [Q,  bar  ^,  S  pt. 

of  boy  

Fisher's  R.  

DnmfordPt 

C.  St  Lucia 

St.  Lada  R.,  entr 

C.Vidal 

Goldown's  Blind  river 
Delagoa  B.,  C.  Collato 

—  C.  Injack,  N  pt.  of  St. 

Port  MeWille,  Elephant  I., 
▼  SWside,  Npt / 

English  R.y  Portng.  factory, ) 
il.  St / 

Lsgoa  R.,  entr.  

Inhampnra  R.,  entr 

A  Point  (Pt.  Zavora?)   

C.  Corrientes,  IIL,  sinall  rk.... 

Barrow  Hill 

InhambaneB.,  ffi,  town 

C.  Lady  Grey 

C.  St  Sebastian,  101.,  pt 

Bazaronta  Is.,  N  pt.,  or  C. ) 
Bax ) 

Inverarity  shl O 

Chttluwan  I.  [5m. J,  /,  ^,  N  { 

I  pt .^ : ] 

"  Sofala  R.,  bar.  i2f*  fort 

Zambesi R.,  Pearl  I.  flag  staff,  | 
Kongoni  R.  month ) 

—  1  bluff,  E  Luabo  mouth  ... 

—  Pt.  Ord.  W  Lnabo  mouth... 
Qm'llimane  R.,  bar  if.,  /,  f , ) 

N  pt ,  or  Pt  Tagolana,  fl.8t  j 

—  Town 

Senna  Town 

AoomiE 

Darid  shls.,  ^  10m.»  KW\ 

P«rt,  5 ) 

Sylva  bk.,  ^  2m.,  mid , 

Fogo  I.,  and  reefs,  ^  2m., 

▼is.  51.,  Id 
Casnarina,  or  Raza  I.,  t  W, 

^  b 

Mt  Cockbum 

Trees  I.,  reefs.,  I.,  mid. 

Moma  bk.  [Im.] 

Angoza  Is.,  Wst,  or  Caldeira ) 

I.,  and  Hb.  [2m.3,  cent...  / 

—  Hurd  I.,  rfii.  [2m.],  cent... 

—  Walker  bk.  [2m.]irf.   

—  Mafamede  I.,  /,  1^,  rfs.,  cent. 


3*  42' 128  247 
32  3*229  i*o 
31  484  29  14-5 
31  34-529  287 
29  53031     a? 


^9  33 


3X 


29  16-3.31  33 
29    o  2I21  51-5 

28  32-5  3*  a7-5 

28  26*0,32  26*5 
28     9'6  32  38*0 


26  55 

26  4*0 

25  58*0 

25  58*2 


3»  53 
33     I'o 

33    »'5 


3a 


25  58-232 

25  20-6  33 
25  11*6,33 
24  3ooi35 
7'5,35 


24 

13  45'S 

^3 

22 

22 


5>'7 
56*2 

4 


21  31*0 

20  42 

20  38*2 

20  10*7 

18  53 

18  517 

18  55-2 

18     1-4 

17  51-8 

17  30*0 

17  37 

17  29 

17  i8'o 

17  H'4 


35 
35 
35 
35 

35 

35 
34 
34 
36 
36 
36 
37 

37 
35 
38 

38 

38 

38 


57*5 

367 
13-0 

'J' 

ID'O 
305 

33? 
24-7 

41*0 
3» 
330 
10 

53-5 
46-3 

117 

187 
3 

^•5 

I'O 

20 
12 

35 

51-5 

55'5 


Angoza  Pt.,  extr 

St  Antonio,  rf.  [2m.] 

Huddart'sshl 

Barracouta  Pt.,  rf.  3m.,  pt.. 
Port  Mocamba,  N  pt,  entr., 

T,  ffl,  pk.,  ab.  2000f. 

Mozambique,  EB,  St  George's ) 

L,  at  entr.  [4c.]  mid ) 


) 


17    6*5  39  6-5 

16  29     38  56 

17  4*3  39  10*0 
39  34 


16  47 

16  388 

16  33 
16  26 


39  46-0 

39  50 
39  58 


(48) 


Places 


Lat.  S  I  Lon.  £ 


;s 


16  20*540    4'o 
16  24*639  56*5 
40  12 
40  28 


16     8 

15  47 
15  30*0 

15    6 


^40     36*0 

40  35 


15    2.240  48*5 


Mt  Pao 

Titangonya  L,  -^  2m.,  S  pt... 

C.  Melamo 

Pico  Fragos 

Penda  shl.,  E  extr 

Loguno  Peak  

C.  Loguno  

SorisaPt 

BadgleyPt 

Maunhan^  Pt 

Pomba  Bay,  93,  N  pt,  entr.,  j 

Areemba  Head 

Querimba  I.  NS  S^m.,  fort) 

near  N  pt j 

Ibo  I.,  ^  5m.,  NW  part,  fort 
Mateemo  I.,  NS  4m.,  E  pt.  ... 

Pangani  Pt 

Mahato  L,  %  2m.,  N  and  E  pt. 
i.    dos    Mattos,    [im.],   rfs.*! 

2m. out / 

Fungu  Naroeguo,  £.  pt  of  revf 
Tambuzi  I.,   £\V   2m.,   rfs 

2m.,  w' 

Mazimba,  fort 

Numba  I.,  -J^  dm.,  £  pt  

Rongwi  I.,  £  pt 

C.  Delgado,  pt 

C.  Rovouma    

Matunda  Pt 

C.  Paman,  Hull  rk 

Mikindaiii  Hr.  Kiniri  Vill.  ... 
Moiigulho  R.,  b,  ir,  Madjovi\ 

Rks J 


} 


H 

50 

140 

*5 

H 

5»' 

o"40 

50*0 

14 

2  5 -014° 

51*0 

13 

24 

40 

I 

14 

>5" 

040 

50*0 

14 

21' 

040 

37*5 

'4 

12" 

5  40  45*o 

n 

3^' 

840 

37-0 

»3 

22 

840  36-0 

12 

56*540    38-0 

12 

55 

•840 

33*0 

12 

38 

2,40 

39.0 

o 

8 
I 


S  extr.,  C.  St  Mary_ 

Star  bk.,  SW  part,  27 

Star  reefs,  NS  31.,  (  W,  S  one 

Leven  I.,  [im.]>  centre 

Barracouta  I.,  [^m.]  

St  Augustine  B.,.Tent  rk.  . .. 

Noss  Veh,  or  Sandy  I 

Murderer's  Bay,  N  pt 

Murder  I.,  rf.  2m.,  SW 

C.  St.  Vincent 

Mourondava,  w,  r,  t 

Barren  Is.,  /,  4i>,  S  danger 

—  Smyth's  islet,  on  rf.  ^  2im. 

—  Heavy  breakers  seen 

Coffin  I., /,  (>  2 1.) 

NW  extr.,  C.  St.  Andrew  .... 
Chesterfield  bk  [Jm.],  7-  .... 
Boy  anna  B.,  W  or  Table  C  . 
Bembatooka  B.,  S,  r,  £  or 

Majunga  Pt 

Makumba  I 

Majambo  B.,  S,  entr.  W  pt... 
Nareenda  B  ,  S,  entr.  W  pt... 

Luza  R.,  bar  a,  CQ,  entr 

Sancassee  I.,  NS  4im.,  N  pt. 

Mc.  Cluer  Pt 

Erandza  I.,  NS  2m  ,  N  pt 

Passandava  B.,  Nincpin  I 

Passage  I.,  [^m.] 

Dalrymple  B.,  16,  r,  w,  b,  entr. 

Martahoolah  Pk 

Noss  Beh  I.,  NS  13m.,  N  pt.. 


12 

12 
12 
II 
II 

II 

II 

II 

II 
II 

10 
10 
10 
10 
10 
10 

10 


a5 
i5 
45 
»5 

45 
43 

23 
22 

22 
21 

20 

8 
8 
8 

7 
6 


»3*7|40  39*0 

20*040  38*0 
13 -8  40  40*0 
59*5140  35-0 
58-2I40  38-2 


49 
285 

21  3 

18*5 

9*5 
5« 

4''3 
287 
21 
11*5 
16*5 

67 

389 

39 

»5 

12*5 

3*o 

35'4 
38*4 

12*5 

5'3 

54'4 
18*3 

4« 
i8*i 

I 

29*0 
11*4 

17 
59*o 


40  40 

40  43*7 
40  44 


40 
40 
40 
40 
40 
40 
40 
40 


25*5 
45*2 

44*5 

4* 

34*5 
30*2 

12 

io*5 


40    2*2 


45 

45 

44 

44 

44 

43 

43 

43 

43 

43 

44 

44 

43 

43 

43 

44 

43 

45 


5  4»-9 


5 

5 
4 
4 
4 
4 
3 
3 
3 
3 
4 
3 


42*0 
11*7 
40*3 
369 
30*7 
15*0 

53i 
28*2 

28-2 

30 
6 

12*2 


7-0 

*3 
18 

180 

7*5 

457 

38-5 
i8'o 

15-5 

20*5 

19-5 

3 
467 

43 

47'? 

31*0 

5S 
18 


46  20*5 


45 
46 

47 
47 
47 
47 
47 
48 
48 
48 
48 
48 


577 

59'5 
26*5 

43*o 

35*2 
49'? 
47 
15*0 

297 

2 
20 

187 


62^ 


TABLE    10 


MARITIME  POSITIONS 


149) 


Places 


Lat.  S 


•- 


I 


§ 


Minow  I.,  N  pt 

C.  St.  Sebastian,   (Is.   5m. ) 

off),  pt / 

Woody  I.,  [ira] 

Port  Liverpool,  S,  cntr.  N  pt. 

N  extr.,  C.  Amber 

Amber  Mountain 

British  Sound,  S,  entr.  Cla- ) 

rence  Id j 

C.  Lowry 

Port  Look^,  EB,  BathurstPt... 

Port  Leven,  S3,  Lingo  rk 

Noshe  Barracouta,  [Im.]  a..... 

Andrava  B.,  Berry  Hd 

Manambatoo  VilL,  ^^ 

Vohemar  Pt 

Mananhar,  Table  Hill 

C.  East,  outer  I 

Durnford  Noss,  pt 

Port  Choiseul,  town 

C.  Ballones,  pt 

Tangtang,  S,  fl.  st. 

St.  Mary's  I.,  #  II 1.,  N  pt... 
—  I.  Madame,  or  Quail  I.,  ] 

on  W  side,  Establ j 

Fenerive,  town 

Foule  Pt.  ViU.,  r,  i 

Plum  I.,  vis.  5L,X 

Tamatave  Pt.,  I 

Fong  Is.,  small,  S  one  

Vatoo  Madre  

Manooroo,  town.^. 

Fanantara,  town 

Rangazvak,  town 

Footak,  town    

Manambatoo  (South),  town  ... 

Loodatoo,  town  

St.  Luce,  N  islet 

Pt.  Ytapere,  extr 

Fort  Dauphin,  fl.  st 


.1, 


} 


I 

-si 


Europal..  [I  l.],orBassasda 
India,  4> 

Europa  ri^,  Bassas  da  India, 
r21.],T,Spt I 

St.  Juan  da  Nova,  [2im.], ) 

If  ^  ^ j 

Mayotta,  NS  7  1.,  Valentine  pk 

—  Opening  in  surrounding  ( 

rf.,  N  end    j 

Johanna,  NS  8  1..  pk.,  £  part... 

—  Town,  w,  r,  F  

Numachoa  Mohillah  

Cnioro,  NS  12  1.,  T»  *  I  1^ 

KW,  SEpt j  ° 

—  Ni^rth-east  pt O 

GeysOi'shl.,  SW  elbow  

BomeJ  shl 

Glorioso  I.  and  rfs.  [4  1.],  /, 

^  «i,  T,  W  one,  Glorieuse, 
[Um-i 

—  E  one,  I.  du  Lise,  [Im.] 
Assumption  I.,  ^j^  2 1.,  Z,  ♦, 

hummock  on  SE  pt 

Aldabra  Is.,  EW  8 1.,  S  ?  t, 
r,  NWpt 


2  a6'2 

x6*7 

3"3 
57*5 
341 

13*8 


35-0 

44-2 

46-5 

48 

56-8 


Lon.  E 


48°39'o 

48  45*7 

48  41'? 

49  "*5 
49  >9"C' 
49  3' 

49  ^3*5 


49 
49 
49 
49 
49 


14-249 
23-550 


39"7 
15-8 

O'C 

»7-3 
14-049 

42-549 
40*5  50 


50 
50 
SO 
49 


7    o-o 


397 
47  "o 
54-2 

57 

56-5 

58-5 

3"? 

157 

3'*5 
11-5 

52*2 

54-0 

46-2 

47 


49  540 


7  23-049  28-2 

7  40*449  37"? 

8  2*849  ^9'? 
8  10    '49  26 

8  a6-5'49  25-7 

9  39-848  58-0 

9  55*o;48  5**? 
20  51-248  33-2 

20  58-248  32-7 

*4  4*o;47  3>*5 

14  17*3,47  15*0 

i4  36*7|47  17*5 

ft4  4+*7,47  H'? 

^4  59*7i47     77 

25  1-347     2-2 


1 


22  22-5 

21    31 

17     3*5 

12    52 

12    38 

12    15 
12    IX-O 
12    25 

»I    54 

11  195 
II    25 

12  14 


40  24*? 

19  3^ 

42  50 

45  13 

45  3 

44  27*1 
44  25-1 

43  47 
43  33 

43  39 

46  25 
46  12 


II  34*847  14 


II  32 
9  46 

9  13 


47  34 
46  34 

46  II 


(50) 


Places 


} 


} 


< 


] 


< 


Cosmoledo  Is. ,  [3 1.] ,  lag. ,  no  \ 
entr.,  r,  [f]  S.,  N  pt  . ...  j 

—  SW,  or  Menai  I.,  f ,  1^ 

Astova,  small,  /  O 

4flrica  continued  firom  (4S)S 

Lindy  R.,  w,  r,  fort 

Mchinga  B.  Vill 

Kiswere  H'.  S,  Rushingi  Vill. 

Pagoda  Pt 

Quiloa,  SB,  fort  

—  Ukyera  reef,  E  extr. 

Songa  L,  %  l^m.,  SEpt... 
Malia  I.,  #  9  1.,  W.  or  Kisi- 

mani  pt 

PaunaPtextr 

Latham's  I.|  [Sc],  l^  sd.,  mid. 
Zanzibar  I..  %  16  1.,  t,  S  pt 

or  Kizimkaz,  w 

—  English  Consulate 

' —  N  pt,  or  Nungwe  Pt  ... 

Mazeewy  I.,  and  ifs.,  [Iini«] 
cent 

Tungaty,  Mt,  15 1.,  S  pk. ... 

Pemba  I.,  NS  13 1.,  /,  t,  S 
or  Said  pt 

—  North-East  pt  

--  Port  Chak  chak,  S.  Mo- ) 

sal  I.,  [Im.],  SW  pt...  ] 
Waseen  Peaks,  15 1.,  mid.  one.. 
Mombaza,  Z,  It,  w,  r,  P^,  fort. 
Melinda    (Leopard   rf.  3m.  \ 

off),  Pillar  / 

Ras  Gomany,  N  pt 

Ozy  Pt,  (Riv.  ^  5m.;  rf.  4m.) 
Lamo  B.,  BB,  W  pt,  or  Ras) 

Kattow ) 

—  Town 

Patta  B.,  S,  rk 

Patta,  town 

Kwyhoo  I.,  Sst  of  Juba,  or  \ 

Dundas  Is.,  pk ) 

Simmambaya,  Settlem 

Mt.  Gibbons 

Port  Durnford,  S,  Foot  Pt, 

N  entr 

Tola  I.,  huts 

Port  Kiama,  Doubt  rk.,  mid.  | 

entr ) 

Kismayo  I.,  ^  3m.,  N  pt. . .. 
Juba  R.,  bar,  P,,  entr 


Lat 


) 


) 


Brava,  town 

Marka,  town 

Magadoxa,  town,  P,  

Mnrot  hill 

Ras  Asuad,  /,  1,  pt 

Ras  Awath 

RasalKhyle  

Ras  Mabbere,  X'  N,  e  w,  pt. 
E  extr.  of  Africa,  Ras  Ha-  \ 

foon,  600f.,  %  S,  w,  r,  E  pt  / 

Hor  Hadeea,  (boats) 

Ras  Banna  (w  -^  llm.) 

C.  Guardafui,'  (NE  extr.  Afiic.) 
Abd'l  Koory,  ^  71.,  A,      ) 

w,Wpt / 


South 
9«38' 

9  41 
10    6 

9  59*5 
9  44  4 
9  a5-6 

9     17 

8  57-0 

8  53*5 
8  31-5 

7  56-5 

7  »-o 
6  54*2 

6  28-5 

6  9-6 
5  43 

5  3o'o 

5  "'3 

5  a9*3 

4  54'» 

5  157 

4  30 
4    4-0 


Lon.  £ 


47°36' 

47  3» 
47  48 

39  467 
39  47 
39  39*5 
39  37? 
39  34? 
39  41 
39  34 

39  387 

39  37*? 
39  59 

39  330 

39  '4  5 
39  a« 

39    9"o 

38  55"o 

39  4**« 

39  53'o 

39  40'5 

39  " 
39  43*0 


3  12-840  ir? 

3    0*040  187 
a  37*540  39*5 

a  18-740  577 

a  15  740  5^'? 
4» 
4« 


2  14*0 
2     9-2 

%    0-0 


2 -2 

7*5 

41    l8'2 


»  45*5i4i  3»*o 
I   12*241  28 

1  I3*a4»  54*? 
I     0-042    3*5 

O   40*2142   20'C 

I 
O    36-841   22-0* 

0  wiA^  39*? 
North  ! 

1  6-8|44    3 

1  44*i'44  5« 
a     1-845  »4*7 

2  41*346  17? 

4  34*248    60 

5  32-848  400 

7  43*5149  45*7 
9  29-050  50-2 

10  26*8|5i  22-0 

«o  34 

11  9 
II  50*0 


12  i3'5 


51  10 
51  10 
51  16 

5*    3 


I 


TABLE    10 


d^ 


MARITIME  POSITIONS 


(51) 


Places 


Salt's  white  rks.  or  Kal  Fa.  ^ 
roon  [lai.]»  2d2f.,  mid.    / 
Brothers,  2,  ^  44I.  £,  or  Durjy 
Socotra,  EW  70m.,  W  extr.  pt. 

—  NW  extr.,  Ras  Bedoo,  300f. 

—  GoUonsier,  vill ,  w,  r,  b  .... 

—  Tamareed,  r,  w,  Mosque  ... 

—  E  pt.,  Raa  R'dresser,  /... 

—  Wadde  Fellingk,  w,  re- 

servoir   

—  SW  pt.,  Ras  Kattannie, 

sum.  over.  1465f. 


O 


LatN 


Ras  Ahileh,  / 

Ras  Felak,  1,  SOOf.  j 
Mejet,  or  Burnt  I.,  h, 
Sside,  «,  430f.  


;:l 


) 


1 

8 


I 


Berbera  Sandy  pt 

Zevla,  r,  P^ 

Ras  Bir  (w' W4m.) 

High  Brothers,  5,  -^  4m.| 
rks.,  large  one  

Jebd  Seaijan,  yoIc,  sum. ... 
Domairah  I.,  [Jm.],  A,  pk. 
Res  Billool,  sum 

Meh-heb-bakah   Is.,    3,  -^ 
2m.,  S  and  W  one 

Haycock  HiJl 

CoordomSat  Is-,  [2m.],  A,  vole 
Howakel  I.,  ^  7m.,  sum 
Massowah  I.,  [^m.],  w,  r,  b,  f 

Bolhessoo  I.,  [Im  ],  /,  sandy... 
Dhalacbk.,  East  extr.,  Mog- 1 

hady  I.,  [lim.],  A / 

—  NE  extr.,  Harmeel  I.,  #  \ 

5m.,  /,  1^,  E  pt. ) 

Dhalacl.,^  10 1.,  Doobelloo ) 

town ) 

Towers,  hill 


Core  Nowaret,  S,  Tq,  entr 

Low  Sandy  Is.,  %  121.,  E\ 
extr.,  Eddom  Sheikh  I. ...  j 
Bannosa  Kebir  I.,  [3m.],  ♦... 

Suakin,  S,  w,  r 


) 


Oomel  Grushe  bk.,  [Im.],  /, 

sand 

Chimney  Hill 

Ras  Roway,  rks.,  3ffl.,  E  pt.... 

Reef,  ^  3m.,  S  pt 

South  Peak,  6900f. 

Miiza  Helaib,  S,  w,  b,  P', 


entr. 


Seeall  Is.,  3,  /,  ♦♦,  E  one, ) 
[2in.]   / 

St  John's,  or  Seberget  I., ) 
small,  700f*,  i* j 

Macour,  or  Emerald  I.,  [Im.],  \ 

ioof.,T,*o 1 

RasBenass,  j  E,  )  SE,  pt.,  /.. 
Jebel  Wady  Lehuma,   vis.,  \ 

100m / 

Wady  Jumaul  I.,  %  2im.,  \ 

i,  mid ) 


1°26' 


7 
33 
39 

4ii 

39-0 

34- 
28 


2  22) 


o 

57 


I  14 

0  t6 

1  21 

1  58 

2  29 

2   29 

2  43 

3  »3 

3  3* 


3 

4 
5 
5 

5 
5 


5a 
8 

9 
36 

»5 
32 


Lon.  E 


6  32 

5  46 

7  38 

8  16 

8  36 

9  H 
9    7 

o  51 

20  28} 

21  3 

22  o 

21  53 

22  15 


22  47 

23  36*3 
23  50 

23  56 

24  12 

«4  39 


$2^  8* 

53  16 
53  15*7 
53  **7 
53  a67 

53  59 

54  *7'7 

54  137 

53  ^9  7 

50  45 
50  38 

47  16 

45  o 
43  29 
43  aa 

42  23 

43  »7 
43  6 
42  30 

4a  34 

41  51 
41  36 
40  19 

39  *» 

39  58 

40  50 

40  ic 

40     6 

38  43 
38  20 

36  49 
38   XI 

37  20 

37  *6 

37  48 
37  19 
37  o 
36  29 

36  38 

36  12 

36  9 
36  47 

35  47 
35    o 

35    8 


(52) 


Places 


Lat.  N 


Lon.  £ 


) 


} 


} 


If 

e 

65 


ft; 


Dsdalus  Shi.  iAbd*l  Khee- 

tan),  J,  It.  F7f. 

Kosair,  town 

The  Brothers,  S  Is.,  %  l^m., 

60f.  T,  N  Islet    

Jaflfatin  I-,  Sereca  pk.    

Shad  wan  I.,  %  7m.,  700f.,  J, 

SE  sum 

Jubal  Im  [2Am.],  T  £>  sum.... 

Ashrafi  Is.,  It  ho.  

Ras  Gharib,  It.  ho 

Zafarana  Pt,  It.  ho 

Mt  Agrib.  (Gharib)  5740f.... 
Sues,  IE],  r,  P',  S.  mole  hd.   ... 

Toor,  harb.,  B3,  w^    

Mt  Sinai 

Ras    Mohammed,     I,  90f.,1 

peninsula     .^. / 

Akabah,  fort,  w 

Tirahn  Is.,  ^f  3m.,  pk.,  700f. 
Sillah  Is  ,  %  6m.,  /,  crl.,  S  pt. 
Moilah,  w,  ?,  ^„ 

—  High  pk.,  9000f.   

Jebel  Antar,  2500  or  3000f.  ... 

Riackah  I.,  ^  2m.,  Z 

Mushabeah  I.,  %  5m.,  It  j\ 

w,  W  extr j 

Shab  Shaybah,  or  Palinurus ) 

rft.,  [4m.],  T,  t^j  J;  mid.  1 

C.  Bareedy,  mid.  pt.,  j 

Sherm  Yembo,  EB'  

Yembo,  the  port  of  Medina,  \ 

y/  r,  entr j 

Jebel  Soubah,  4500f. 

Shab  Subbah,  or  7  shls.,  %  ) 
31.,  >,  WKm ] 

Thetis,  rf.,  [Jm.],  y,  >  

Sherm  Rhabuc,  ffl,  r,  w,  P^  ... 

Wlim.  ofshls  (Eliza,  &c.)  .... 

Jiddah,  S,  2  WSW  7m.,  high  \ 
mosque,  E-d.  of  town  ....  J 

Gad  Amaze  rfs.,  [24m.],  /3, ) 
Wpt _ / 

Shab  Umbarrack,  rk,  [Im.]  ... 

Coomfidah,  r,  w'" 

Shab  el  Jurmah,  [Im.]  

Sale    Macowa,     [Im.l,     (}, ) 

NW31.) 

Jebel  Teer,   vole,    [l^m.], 

900f.,*o 

Kotama  I.^  %  3m 

Loheia,  r 

Camaran  I.,  NS  3 1.,  w,  b,  S  sum. 
Zebayer  Is.,  %  51.,  N  and| 
Eextr } 

—  Large  one,  [3m.],  300f.,  \ 

mid.  sum / 

Hodeidah,  r 

Ras  Zebeed,  w"'  Im.  N 

Jebel  Zoogur  I.,  %  10m.,  A, ) 
N  islet ^ / 

—  Sandy  pk.  I.,  (w,  IJm.,  N) 
Hamishls.,  NS  61.,  t  W, 

SWpt 

Mocha,  Pier  end 

Bab  el  Mandeb,  pk 


) 


)■ 


29 
28 


24^56' 
26  6 

26  i8'8 

27  12 
27  28 

27  387 
17  47*3 

28  20'9 

6-5 
67 
29  56 

28  137 

28  32 

27  45*2 

29  28 
27  55-2 
27  37 

27  40 
27  37 
26  34 
26  10 

25  38 

24  6 

24  ]6 
24  9 

24  4| 

23  >8 

23  40 

23  38 

22  43 
22  2 

21  28*3 


20  15 

9  o 
9  7 

7  36 

6  58 


5  3^'S 

5  41 

5  4» 
5 

5 


35'5i' 
34  167 
34  507 

33  587 

34  'S 

33  48 
33  4**5 
33  65 

32  397 

3*  54 
3*  33? 

33  37 

33  58-5 

34  13*5 

35  > 

34  34 

35  »6 
35  a8 

35  45 

36  28 

36  21 

36  27 

37  7 

37  33 

37  54 

38  1 

39  3 

37  58 

38  1 

39  4 

38  4» 

39  "S*© 
39  *4 


40 
41 


9 

5 

40  56 


41  20 

41  50 

42  16 

4*  39 
17  142  32 

12  I42  5 


5  3 

4  47 
4  7 

4  6 

3  57 

3  39 

3  20 
2  41 


42  13 

4»  54 

43  * 

42  44 

42  41 

4*  39 

43  12*0 

|43  *7 


528 


TABLE  10 


MARITIME  POSITIONS 


(53) 


Places 


Lat.N 


3 

5 


is 
5 


CI 

e 

IS 

I 


Perim  I.,  [4^m.],  230fM  S ) 
W,  y^,  S  pt.,  It.  rev.  241f.  J 

Ras  Arab,  S  pt.  of  Arabia,  /» I 

Mt.  St.  Antony,  2772f. 

A.den,  It.  F,  Searah  I.,  N  pt.... 

C.  Aden,  summit,  1776f.   

Sugra,  w',  r,  Castle    

Howtha,  V,  r,r 

A  barn.like  pk.,  5284f. 

Ras  Khelb,  /,  sandy,  no  point 

Makalleb 

Jebel  Dbebab,  a  table  land   ... 

Sbabab,  Sultan's  resid.,  r,  w^... 

C.  Bogashu 

Palinunis  shl.  2ifm.  %  2m.,  \ 
TrSpt ) 

C.  Fartak.  261,1 

Tburbat  Ali 

Ras  el  Ahmar  

C.  Merbat,  /.  rky.,  f,  w, 

Jebel  Kinkeri,  1300f.     

Ras  Nus,  20  1.,  S  pt.,  / 

Kuria  Muria  Is.,  EW  45m., ) 
W  one,  Haski,  -gP-  I|m.,  pk.  j 

—  Soda,  %  3m.,  pk.,  13l0f.,  w 

—  Helanea,   EW  7m.,  NE  | 

bluff,  1645f.,  w, i 

I—  Kibliyab,  EW  2m.,  pk.,  J 
550f.,  ^,  ?E.  W  3m.  ...  j 
Ras  Sherbedat,  1,  w  4m.,  W... 
C.  Isolette,  Tis.  161.,  pt. 
Mazeira  I.,  ^  13  1.,  600f. 
Spt 

—  N  pt.,  or  Ras  Jei ... 

Ras  Jibffh 

Ras  el  Kbubbeh 

Ras  al  Hed,  Sandy  Pt.,  /  

Ras  Abu  Daud    

Maikat,  r,  w,  r   ® 

—  Saddlehill.  1340f. 

Jeziret  Jun,  107f.  

Clive  Shoal,  7f.  

Jebel  Rostag,  a  bluff  of  the ) 

Jebel  Akhthar    } 

Birkeh 

Suwik,  fort  and  town 

Sohar,  town  and  fort 

Schenas,  town 

Dibbah,  town  

Shkm  Peak,  6750f. 

C.  Mussendom,  N  pt.  of  Id. ... 

—  highest  part,  875f. 

Great  Quoin,  540f. 

Ras  Sheikh  Masud 

Sh&m,  fort,  r,  V,  V  

Ras  el  Kheymeh,  r 

Sbargah,  w,  ^^    

Abuthabi  fort 

Sir  BenI  Y&s,  N  pt 

Rug  Znkkum  shl.  [3]    

Ras  Luffan 

Sir  AbiiNeyr,  NS  2im.,  N  ( 

pt.  240f.  J 

Zirkuh  I.,  540f.,  S  pt   

Gimeyn  I.,  190f.    


Lon.E 


12*- 

12 
12 
12 
12 

H 
14 


38' 

35 

43 
46*2 

45 

a5 

4 

2 

31 

41 

43*7 

49 


43^*5' 


56 
10 

2*2 

3 

40 

45 
32 

40 

7 
26 

35 
4 


H  53 


•  •    •  I 


;i 

x6 
16 

17 
17 

17 

17 

17 


39 
38 
55 
58 
3 
H 


43 

44 

45 

45 

45 
46 

47 

48 

49 

49 

49 

50 

50 

5* 
53 
53 
54 
55 
55 


(54) 


Places 


I 


27'2 
29*6 
327 


17    29'2 


17 
18 


53 
58-5 


20    7*6 


20  43-5 

21  27*5 
14-4 

33 
19*2 

37-7 

35'' 
50-5 

5" 


22 
22 

*3 

13 

43 
22 

22 


23    I4'2 


23 

13 
24 
14 

»5 

15 
26 

26 

26 

26 

26 

^5 
»5 

»4 

24 

14 
»5 

»5 

24 
24 


427 

21J 

45 
38 

587 
24*2 

21*9 

30 

>5*4 
>*4 
48 
22 
29 

21*5 

48-5 

54 

»5 

5a 
56 


55 
55 

56 

56 

56 
57 

58 

58 
59 
59 
59 
58 
58 
58 
57 
57 

56 

57 
57 


39 
16 

3 

5* 
42 

2 

18 

357 
512 

2*2 


«9 

20 
46*0 

33 

5» 
11-5 

49 
48 

555 
36*0 

35 

58-5 
57-2 

]6 

54-2 
26 


56  46 
56  29 


56 
56 
56 
56 
56 
56 
56 
55 
55 
54 
5a 
53 

5« 

54 

53 
5* 


>7 

H-5 

3* 
32 

31 

13*2 

5*5 
57 
14 

21*7 

38 
46 

33 
13-5 
5» 


3 

a 


Ut.N 


I 


1: 


ft, 


D&s  I.,  [l^m.],  S  pt.,  145f.  . 

Arzeneh,  200f.     

Dalmeh,  244f. 

Deyni,9f. 

Shiraao  I.,  40f.    

Halul,  180f.    

Ras  Rekken    

Shah  AUnm  shl.  [24] 

Bahreyn  I.,Manameh,town,r,w 

Maharag  I.,  N  pt 

Rennieshl.  [2JJ 

Al  Kreyn 

AlKi4n,  5f.    

Herguz,  3f. 

Araby,  3f.,  sandy    

Fars^,  lOf.,  sandy  

Ras  al  Ghar 

Ras  Mnsh&b,  A  

Garu  I 

KubbrI 

Ras  al  Arth 

Koweyt,  EB 

Feylecheh  I.,  ^  7m 

—  Basra  Custom  Honse    

RasTanub,  ;  

RasatTamb  

Khargu  I.,  NS  4m.,  /,  w,  N  pt. 
KhargI.,%5m.,w\fort,NE  ® 
Abu*  Shehr,Q],w,  r.  Residency  ® 
Asses'  Ears,  5m.  inland,  2500f. 
Hummocks  of  Dreng,  S  one, ) 

8270f.  1 

Ras  Mtttaf,  S  pt 

Konguin 

Bam  HiU,  4660f.    

Ras  Nabend,  / 

Sheykh  Shayb,  120f.,  I.,  ^  ( 

14m.,  w,  P,  Ept   ) 

Hinderabi  I.,  EW  4m.,  /,  lOOf. 
Sumberrun  Shl.,  [6]  «.... 

Gays,  I20f.,%8m.,/,t,M 
r.w,  P„Ept j 

Frur  I.,  465f.,  NS  4m.,  N  pt. 

Ras  Bostaneh,  /,  pt 

Frur  Shl.  [4m.],  I 

Nabyu  Frur  I.,  [Im.],  120f.... 

Seril.,  50f.  [3m.],  Spt 

Bumusa  I.  [3m.],  360f.,  peak 

Jezt.  Nabu  Tumb  [1  m.]    

Jezt.  Tumb  [3m.],  165f.,  w  ... 

Basiduh  Chapel 

Henjar  I., -gP- 5m.,  S  pt 

Kesm,  fort  

Larek  I.,  ^  54m.,  2^  4m., ) 

Npt.  / I 

Hormuz  I.,EW  4m.,fort,N  pt 
Bander  Abbas,  Sheikh's  house  I 

ffl,  t i 

Kuhi  Mubarek,  rk.,  Im.  in-  ) 

land,333f.  ) 

C.  Jashk,  /,  sandy  pt.,  Tomb 

Ras  Zegin,  /    

Shahn  Mountain,  20  1 O 

Ras  Mundanny,  /^shl.  3m.)... 
Ras  Godeim,  1,  (£.,  SE  3m.) 


Lon.£ 


25  9 
*4  46 
»4  33  T 
*4  57 
25  2 

25  40 

26  II 
26  25*5 
26  14 

26  18 

a7  3*5 

27  39 

a?  43 
27  56 

*7  47 

*7  59 

27  33 

28  114 

28  49 

»9  4 

29  20 

29  23 

29  23 

30  32 
30  8 
29  58 
29  20 
29  15-4 
20  59' I 
28  29 

28  4 


51*' 

5» 

5a 

5* 

5» 

5* 

5« 

5* 

50 

50 

50 

49 

49 

49 

50 

50 
49 


48 
48 
48 
48 
48 
48 

47 
49 
50 
50 
50 
50 
5» 


27  41 

*7  49*5 
27  48 

27  23 

26  48 

26  41 
26  33 

26  31 

z6  19 
26  30 
26  26 
26  7 

»5  53 

*5  53 
26  14*7 

26  15*7 

26  39*2 

26  36 

26  575 

26  53*1 

27  5-£ 
27  105 

25  50*6 

25  38 

»5  34 

26  6 

25  24 
25  19 


53' 

34 

19 

44 

14 
a6 

M 
?« 

38 
42 
50 
50 
4a 
II 
10 
16 

39 

47 

3« 

8 

o 
21 


51*1 
16 

10 

21 

20'7 

50 

12 


5»  37 

5»  45 
5*  4 
51  14 

5*  35 

53  H 

53  40 

53  44 

54  3*5 

54  30*5 

54  37 

54  3*'5 

54  a6-5 

54  33 

55  3 
55  9 
55  18  7 
55  »6* 

55  5* 

56  17 

56  217 

56  ^TS 

56  17 

57-187 

57  46-a 

58  4 

58  54 

58  59 
60  t 
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MARITIME  POSITIONS 


(W) 


Places 


Koobb,  or  Maleddam  Pt.,  A ... 
J  Chaitar,  ^,  f,  W 


3  RasKunh 
<  Gwetter,  nlL 
^  RasJewnee.. 


) 


Bas  Noo,  or  C.  Ghradd,  ^, .... 
High  Clay  PesK,  white 

nu  PiMeiioey  w, 

Astok  I.,  EW  3in.,  (rk.,  2m.  S) 

C.  Anilwh,  *,  *'  NW-d 

Ras  MaJan 

Soonmeany,  f,^,  town 

Ras  Moarree,  or  C.  Monxe, ) 
shL,  Sm / 

Laccadiyas,  /,  %  t^ 
Bassas  de  Pedro  bk.,  ^  22 1 ,  l 
T,Npt.,  87 / 

—  fi.,  NS  6m.,  J,  S  dryl 
sand  (Cberbaniani) ] 

Bynun^reReef^SlfNS  13m.  \ 

wreck  on  S  part j 

Betn-par,  rf.,  NS  7m.,  Id.,  | 

[Im.],  N  extr.,  / 

rtt^emol-par,  rf.,  ■J^  7m.,  t, 

Id.NE  

Ancotta,  [3}m.],  P,  f ,  mid. .'. 

Tionaro  

Pittie,  [2c.],  aand,  ^ 

Ameni,  [I^m.]  

Cardamnm,  and  rfs.,  NS  6m... 

Chittae,  [2m.]  

-[Kittan,  [3m.],  S  pt 

|E  eztr.,_EUcaIpeni  bk.,  NS 

5iiL.,  i,  mid. 

Underoo,   EW  3im.,  rks.,' 

N-d,/,  T,  w  Eend 

Kalpeni,  2  Is.,  ^  7m.,  f ,  S  pit 
Cabnitee,  [2im.],  rf.  W-d, 

T.  f.w 

SenfaeUPar,  Id.,N,  [2c.]... 
-~  S  extr.  of  ^,  f 

Mimooj,  J^  6|m.,  f ,  P',  mid.... 

Maldiva  la.,    19  AioUt,  or 
groups, /,  J,  II II,  f,  V 

N  extr.,  Heawandoo  Pholo] 
AtoQ,  ^  41.,  n,  w',  NJ 
pL,  Tnracoon  1 ) 

Heawandoo  I.,  [Im.],  f,  on^ 
SWBide,w, 

TiOa,  and  Milla,  doa  Atolls, 
Eextr 

—  Do.  N  Id.,  or  Keeldi, 
[2m.],  f 

*—  Do.,  S  extr. 

Malcolm  AtoU,  ^  51.,  rf., 

Mab-koondoof.,  [lm.],w' 

at  NE  extr. 

FovcU's  Is.,  2,  ^  2m.,  N  one 
Honbnrgh  Atoll,  -Jf-  10m.,  ^ 

entr.  S,  ^,  E  extr.  Id.,  w  j 
Paddipholo  AtoU,  ^  7L,  El 

extr. ./ 

Caidiva  I.,  ^  l|m.,  f ,  w' 

A  lagoon  ^,  EW  6m.,  N  pt... 


) 


I 


^ 


LatN 


»5* 
*5 

as 


i8' 

»9 

4 

ID 

a 
4 


25  23 
25  12 


»S 

»5 


II 

7 

7 
18 

27 


24  SI 

3  37 

2  16 
I  48 

«  35 


o  51 

o  55 

0  45 

1  6 

>3 

40 

*9 


>  «3 

o  47 

o    3 
o  31 

o    5 

9  5^ 

8  17 


Lon.  E 


7    6 

6  57i 

5  51 

6  59 

5  39 

6  24i 

5  59 

4  54 

5  45 

458 
446! 


6o<»26' 

60  36 

61  21 
61  25 

61  38 

62  15 
62  30 

62  51 

63  24 

63  45 

64  30 

65  7 

66  31 

66  37 


72  J2 

71  5a 

71  50 

72  II 

72    o 

72  10 
72  18 
72  32 
72  41 

7»  44 

72  42 

7»  5« 

73  5« 

73  4» 

73  3S 
72  36 

7«  15 

72  9 

73  3 


7*  S3 


7*  54 
73  *7 


73 

12 

73 

>5 

72  40 

7»  54 

7» 

58 

73  38 

73  a^ 
73  »3 


(&6) 


Places 


»25 


1 


Mal^  AtoU,  NS  33m.,  E  extr. 

—  King's  I.,  at  S  pt.,  w,  r^,  1 

fl.  St.,  N  side j 

South  Mal^  AtoU,  ^  7  L,  i 

Sextr / 

To-doo  I.,  [Im.],  w'  

An  Atoll,  NS  161.,  tf  N.,i 

I.  atSpt.,  w' ] 

Pha-Iee-doo  AtoU,  EW  10 1.  \ 

Eextr. ) 

Moloqne  AtoU,  •JB.  g  L,  s  extr. 

—  Do.  Id.,  on  N  side  entr.  1 

ffl»  w,  b,  f / 

NiUandoo  AtoUs,  2,  ||,  NS 

13 1.,  Id.  at  S  entr.,  f ,  w', 

on  W  side  entr.  ffl 

CoUomandooAtoU,  EW  10  L, 

Kam-doo-doo  I.,w^,  n  ... 
Adon  Matte  AtoU,  ^  9  L,  N 

and  £  pt.  Id 

—  S  extr.,  Id.,  (entr.  S,  -f- ' 

3m.,  IJ 

SnadiTa  AtoU,  NS  J15 1.,  W  \ 
side,  entr.  to  69, 10 j 

Phoowa  Molokn  I.,  ^  2m., 
w',  Npt 

8  extr.,  AddooAtoU,  EW  31. 
jf,  b,  i,  Gang  I.,  ffl,  E  pt 

Weztr.,I.Boadense,smaU,^  e 
Marie  Louise  I.,  smaU,  %\ 

(rf.  off,  4) j 

S  extr.,  I.  I)eNeuf,  smaU,  «... 
I.  Etoile,  [Um.],  i,  ♦ 


Laft. 


Poivre  Is.,  two,  [Im.],  rfs..  S  pt. 
Desroches  I.,  (bks.  4  L),  W  pu 

St.  Joseph    Is.,  E  pt O 

Llaros  1.,  1^  pc.  ••..■••ilk.... • .  o 
Eagle,  or  Bemire  I.,    [^m.],! 

r  #1  ria.  2m..  Wq    / 

Afnean  Is.,  small,  A  t'  W,\  ^ 

Wo,Spt. /° 

!•  Platte,  [^m.3,  rfs.  Sra 

La  Perle  r^  S  pt 

St  li^an^ois,  smaU 

B^outier,  small  

Alphonae,  4  %  ™><L 


CoetiTj  I.,  /,  sandy,  ^  8m., ) 
f,*NW,V,r.  Njit.../ 
Fortune  bk.,  [3 1.],  10 


Agalegas,  I.  and  reefi,  ^  5 1.,  \ 

t,Nend j 

Trometin,  [Im.],  /,  or  Sable  \ 

I..> / 

Saya  de  Mslha  bk.,  7 


John  de  Nova,  or  Farqnhar  \ 
Is.,  #81.,  w,  *,  Npt  ..  j 

McLeod,  or  Mara,  of  Hunt-  \ 
ly  bk.,  [2 1.],  To / 

St  Pierre,  [IJm.],  /,  ^.,j 

Providence  I.,  [2m.],  w,  r,  /, ) 
Npt / 

—  Rf.,  7  L  S-d.  of  I.,  SW  pt. 

St.  Lawrence? O 


North 
4  *7 

4  10 

348 

4  26 

3  y> 
3  27 

»454 
2  57 

a  40 

%  20 
a    7 

146I 

o  2S 

South 
o  i6i 

o  4ii 

6  II 

6  II 

6  14-5 

5  48 

5  44 
5  41 
5  »7 
5  a4 

5    7 

4  55 

5  5» 

6  a 

7  10 

7  4 
7     I 

7     6 

7  16 

10  214 

15  52 

8  35 
10    7 

9  55 
9  20 

9  10 

9  34 
9  37 

M  If 


L0B.E 


3  4» 
3  *9 

3  as 
258 

2  50 

3  44- 
3  »3 

3  33 

»  54 

*  55 

3  35 
3  22 

2  56 

3  *3 

3    6 

2  56 

3  »9 

3  »4 
3     9 

3  22 

3  40 

3  37 
3  27 

3  »8'5 

3  3« 

5  »«-5 

5  ai 

2  47 
2  48 

*47-5 

6  19 

7  o 
6  38 

4  37 

9  58 
I     8 

o  15 

0  50 

1  7 

p  50 
0  23 


630 
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MARITIME  POSITIONS 


(57) 


Flaoes 


i 

f 

I 


) 


Mah£  I.,  ^  13 1.,  f ,  Victoria... 

—  S  pt.,  or  Pt.  du  Capucin  ... 

—  St  Ajine  I.,  ffi,  w,  b,  peak 
Silhouette  L,   [3iii.]>  A,  ttl 

Npt / 

North  I.,  [lim.],  Npt 

Recif  I.,  [lim.],  150f.,  ^,  mid. 
£  extr..  Frigate  I.,  [lim.],) 

550f.,  P,  rf.  SW,  mid.  ... ) 
La  Digue  L,  [3m.],  P,  rf. ) 

off,L,pk i 

Mary  Ann  I.,  [Im.],  N  pk.  ... 
Praalin  I.,  12  L,  t  N.,  W  pt... 
CurieuBeL.EW2m.,w,f, )   _ 

mid /  ® 

I.  Aride,  [Im.l,  mid...:.... 

NE  extr.,  Dems  I.,  NS  3m.,  \ 

/.  tf  mid 

N  extr.,  Bird  I.,  [2m.],  /,  ^, 

rr,  w,  mid 

Frepoh  Shoal,  [5  or  6m.],  \  . 
s,  mid ]  ^ 

Roquepiz,  Z,  sandy,  rfe 

An  island  ?  break.    SE  end   • 

Speakers*  bk.,  W^  b  1.,  j,  i ,  1 
NEpt J 

Blenheim  rf.,  -f-  6m.,  j,  N  pt. 

Salomon  Is.,  ^  54m.,  GO,  N  ) 
Id. ,  £  of  entr.,  or  I.  de  Passe ) 

—  SW,  or  Boddam  I 

Peros  Banhos,  27  Is.,  ^  6 1., 

/,  S,  I.  de  Passe,  E  side, 

entr.,  mid 

'— .  Diamond  I.,  [l^m.],  establ 

j—  S  extr.,  Foquet  I.,  #,  ♦  — 

I  Benares  shL,  %  1  |m.,  j,  mid.  i 

I  Victory  bk.,  -f-  4m.,  E  pt,  i 
|OreatChagH^bk.,JL 

E  extr.,  9  . . 
a,l —  Nelson's  I.,  [Im.],  /,  ♦  . ... 
-    — North  extr.,  i    

—  NWextr.,  Eagle  Is.,  J* 
bm.,  /,  f,  N  pt 

—  W  entr.,  Danger  I.,  [IJm.] 
Egmont,  or  Six  Is.,  ^  6m., 

T,  SEId,  f 

Pitt's  bk.,  *t  101.,  T»  N  pt.,  10 

—  West  extr.,  lo 

Gkmges'  bk.,  %  4m.,  W  extr.,  8 
DiegojQarcia  NS  13m.,  /,  ffi, ) 

f ,  ir,  w,  Mid.  I.,  E  entr.  / 


Lat  S 


#32i.,T, 


) 


I 


—  South  pt. 

AReef,  NS2L  

Reefs,  ^  91.,  /,  j  E,  r,  S 
extr..  Cocoa  I.,  t^ 

Baleine  shl.,  i?.,  [Jm.]  

Frigate  I.,  [im.] 

PeariL,  [im.] 

Siren  I.,  [|m.] 

Establi^ment   

Mapare  I.,  [^m.]  

North  I.,  [im.].*,  V  

Albatross  I.,  [|m.],  ^ 

Bodngue,£Wl.5m.,vis.  141., 
rl^,  5 1.  to  SW-d.«  Mathu 
rin  B. 


) 


4^3/5 
4  485 
4  360 

4  »7*o 

4  "'3 
4  34*8 

4  35** 


Lon.  £ 


4 

4 


4  21*2 

19-4 
17-4. 

16 

125 

48*2 
42-7 

24 
45 

4S 

9 
18 

21*5 


;} 


55°3o'2 
55  36 
55  337 

55  >67 

55  »8-o 

55  50 

56  I? 

55  55*? 

56  07 
55  44*? 

55  477 

55  457 
55  437 

55  »57 

54  4» 

60    4 

71  26 

72  24 
72  25 
72  127 
72     9*7 


14*071  46*0 


»5 
27 

«5 

33 

5 

40 
39 


6 
6 
6 

6 

7 
7 

7 

7 
7 


io*5 

43 

40 

49 

2 

22 

13-5 

26*0 
II 


71  42-7 
71  46 

71  37 
7»  >3 

7*  43 

72  16 

72     I 

7" 


18 


71   13 
71  22 


7> 
71 
71 


10 

4 


(58) 


Places 


Lat. 


LnuE 


•2 


Roundl.,  [Im.],  1049f.    

Mauritius.  Peter  Botte.  2600f. 

—  Poet  Loun,  Cooper's  I.,\ 
a  pt J 

—  C.  Brabant,  hill 

—  Grand  Port,  Queen^s  Batt. 
Bourbon  I.,  %  14  1.  Vole,  25  1. 

—  St.  D^nis,  2  Its.,  F,  ▼ert.,85f. 

—  Pu  of  B«l  Air,  iL,  F,  151f. 

—  South  extreme  

Enderbj*8  land,  pt.  uncertain... 

Bouvet*s  I Q 

Thompson's  I Q 

^    Prince  Ed  ward's  1.2  [5  l.],and\ 

4  [3  I.],  A,  to.  West  I.,  Npt. J 
-*  Marion  I.,  East  cape 

5  Cr02et*8  !<.,  Hog  I.,  A,  1,  t; 
(a  rf.  SE  9  m.J 

Kergu«.'len*s   land,  %  32  1.,"^ 
Christmas  Harb ,  S,  b  S  > 
t     side,  N  pt.,  or  C  Francois  j 

—  Bligh's  Cap,  A,  to   

—  C.  St.  Louis  

—  Solitary  I 

—  C.  George 

—  E  extr.,  C.  Sandwich    

Heard  or  McDonald  Is.,  ^ 
'     50in.  Mever  rk,  N  W extr. 
St.  Paul's.  4^  -^T^'  860f.  ♦  E,  r/\ 
'■  Ninepinrk.' nEside,(w'Jfn.)j' 
|.\insterda!n  [-Im.]  ,w,suni.2T60f. 

Keeling  Is.,  f ,  /,  N  Id.,  [IJm.] 

—  Sgrp.,  Borneo  Coral  Is., 


'o» 


} 


*^ 


) 


bouth 

.9' 50' 


72  23*0 

72  23*2 
72  36 

59  3*7 
59  33'5 


) 


1 

a 


16  48*9 

16  40*7 

16  36-0,59  33-2 
16  32*7159  32*7 
16  28-2|59  37*2 

59  39*o 
59  45 
59  4i'o 
59  3'7 


16  26*5 
16  35 
16  23*3 
16  15*0 

19  404 


63  25 


,  NS  8m.,  S  pt. 
—  Direction  I  .  Tfrn.].  SWpt 
Christmas  I..  EW  3  1.,  ¥is. 

12 1.,  f ,  L  NW 
Continmt  conihuted  Jhfm  (55)  1 
Kurauchee,  QD.  fort  It  F  120f.^ 
Indus    R.,    mouths    ahraya) 

changing,   Kakew&ri   mo.) 

Mandvee,  town 

Bate,  fort 

Pt.  Jigat,  or  Dwarka,  temple... 

Conical  Hfll 

Diu  Hd.,  pt,  White  tomb 

—  Island,  Watch  Tower 
^   JafTrabad,  [Q,  fl.  st 

.  Shalbet  I.,  [im.],  rfs.  Im.,  mid. 

-  Goapnauth  Pt.,  pagoda 

J  iPerim  I.,  rfs.  NS  5m  ,ltF30f. 

tS  'Gogah,  town,  w,  f,  E  pt 

',  Cambay,  fl.  st 

Surat  Castle 

Vauz's  tomb,  and  Taptee  It. ... 

Damaun,  ^  

St.  John's  Highland  e 

Versavahfort e 

BasseanR.  G 

Terrapore  Pt e 

BoMBAT,  S,  IS,  Obflcrv',  f  \ 

lb,  G.M.T.  8«»  S"  49« r 

~  Lighthouse,  It.  R  2»  130f. 

—  Outer  It.  ▼.,  F,  7  61,  It,  !•» 

Coulabal G 

Chaoul,  IB,  8 G 


57*50' 
20  II7B7  3^7 

20     8-957  317 
20  27     57  22 

20  22-6  57  457 

21  16^  55  48 

20  5* '5  55  *97 

»o  53*55  3«7 

21  24  55  40 

67  30  44  o 
54  20  5  24 
53  56      5  30 

46  34    37  $6 

46  52     37  53-5 

46  10    50  28 

48  40    69    4 

48  27     68  48-5 

49  » 5*5  68  38 
49  50  68  35 
49  41  70  14 
49  II    70  335 

S3     >'5  7a  3> 

38  4*777  347 

37  50777  3''5 
II  50    96  51 

12    12*696    54 

5-496  53-0 


12 


10  31 


>o5  33 


North 
24  47'j|66  58*1 


67  25 

69  i8-2 

69  9 

68  57 

71  18 

70  51 


23  57 

22  50 
22  28I 
22  14 

20  57 

20  407 

20  427.70  59 

20  5i'6;7i  22'o 

20  S4    17 1  3  J 

21  W372    6*5 

21  35*3  72  20 

21  40*072  i6*5 

22  i7'o!72  3S'5 

21  i2*o;72  47 


*i     57 
20  22*5 

20     2 

>9     7 
19  18 

19  52 


7»  37*5 

7*  49 

7»  43 
7*  46 

7*  49 
72  40 


18  5377*  48*0 


18  537.7»  480 
18  49    \7^  46 
18  37    ;7a  5» 
18  ^4     7»  54 


TABLE  10 


5U 


MABITIME  POSITIONS 


{») 


I 

6 

I 


I 


I 


Raj^poar  Harb.,  9,  S  or\  ^ 

Rajah  Pt.  /  © 

BancootR  ,  lof.,  bar 

Sererndroor  I.,  / 

AqgenweelHarb.,  S,  foit,\  _ 
Sentr /  ® 

Zyghur  Pt.  t,  B 

Geriah  Pt,  A,  fl.  at,  ffl 

Angria bk.,  NS  7  L,  t»  u,  S  pt. 
Vingoria  rlu.,   [5m.],  oof,) 

T.  beac / 

Gob,  QQ,  r,  St.  Ann's  It.  R  7» 

Agoada  Pt,  w"' . 

Marmagoa,  r,  fl.  at 

St.  George  Is.,  [2m.],  A,  outer 

C.  Ramas,  A,  1,  W  extr 

Oyster  rks.,  [|m.] 

Carwar  Hd 

AnjediTa  I.,  [la.] 

Meijee  R.,  ir,  b,  bar  s ,  N ) 

bluff / 

Fortified  I.,  w,  [Im.] 

Pigeon  I.,  via.  8L,  t 

Banalore  pk.,  4452f. 

St  Marj'a   rka.,   5m.  ont, 

large  one , 

Premiera,  or  Molky  rka.  . 

Mangalore,  bar  lof.,  fl.  st 

BamhiU 

MtDiUy,  8or9L 

Cananore,  pt,  j,  w',  fl.  st 

TUKdierry,  r,  w*  2  Its.  F  "Jf.. 

Sacrifice  rk.,  20f.,  T  

Calient,  It  F  105f.,  fl.  st 

CoitwsL,  Ch 

Cranganore  R.,  ft>it,  bar  «  f. . 
Cocfam,  w,  r,  bar  lif.,  (It  F 

lMf.),fl.8t 

Qiriloan,  fl.  st 

Anjenga,  |^  jr„  fl.  st 

Trerandnun  Pagoda  

C.  Comorin,  pt,  S  extr.  of 

India,  /,  sandy 

—  Peak 

MaaaparPt,  7-7* 

TVidmidore  pagoda 

Pnnneooil,  w,  r,  b  

Ftamben  Pt,  fort , 

Calpentyn,  fort , 

Negombo 

Colombo,  r,  w,  It  F  97f.  .... 

Calitnra 

Pt  de  GaOe,  (Q,  O,  r,  w,  fl. 

It  F  lOOf. 

Adam's  peak,  7000f. 

Matura,  b,  w,  fort 

Sooth  extr.,  Dondra  Hd.,  /,  f 
Great  fiaasas,  i^,  [Im.],  j, ) 

Elephant  rock«  inland 

Little  Baasaa,  1^  It,  ▼!.,  R... 

East  extr.,  Aganis 

Baticolo,  (bar  i  f. ),  b,  w,  fort  \ 

3m.  np j 

Friar's  Hood   

Vendelooa  B.,  N,   or  Ele-) 

phantPt i 


] 


) 


LBt.N 


IiOn.E 


i8*»i6' 

17  57 
>7  47 

»7  33*4| 

17  16 
16  31 
16  18 

'5  S3 
15  28-3 

»5  ars 

>5  *4* 
15  21 

»5    4 

1443 
H  47 
H  45 

»4  30 

14  18-5 
14    I 
13  50 

13  20 

13  II 
12  52 
12  40 
12    a 
II  51*2 
II  449 
II  30 
II  15*2 
10  33 
10  11 


»73 


74 

74 
74 
75 
75 
75 
75 
75 
75 
76 
76 

9  5«  76 

8  53-576 
8  39-9  76 
8  29*076 

8 


4'o|77 

8  23- 
8  22 
8  30 
8  40 


9 

8 

7 
6 

6 


6 

5 

5 
6 

6 
6 

7 


73**  o' 

73  I 
73     5 

73  H 

73  10 
73  aa 
71  43 

73  -7 

73  5«"? 
73  46 
73  467 

73  45 
54*7 

74  3 
74  10 
74    5 

74  ai 

74  a3-a 
74  «8 
74  5» 


(60) 


Plaoei 


2  77 
78 
78 
78 


17*0 

*5 
12 

56*1 
35 

vS 

5a 

57 

55 
10 

21 
23 

2 


7  44 

7  »7 

8  o 


79 

79 
79 
79 
79 

80 

80 
80 
80 
81 
81 
81 
81 

81 

8f 
81 


40 

38 
49-0 

I 
II 

ai*7 
28*3 
30 

45*7 
I 

12 


33? 
4S-0 

56 
32-5 

30*5 
3 
7 
6 

14 


45 
48 

49 

56 

125 

29 

33 
36 
28 

28 

48 

S3 

4« 
28 

33 


I 


I 

w 


) 


LatN 


FonlPt , 

Trinoomalee,  S,  It.  F  206f. 

Fort  Fred.        [Q 
Pigeon  I.,  [(m.],  rk.,  4»,  rka.  ofl 
Moeletivoe  House,  (shL  4m.) 

Mark  House? G 

Palmyra  Pt,  f ,  (shl.  5m.)  ...e 

Pt  Calymere,  /,  f 

Negapatam,  w,  r,  bar,  fl.  st. ... 

Five  white  pagodas 

Tranquebar 

Coleroon  Shl. 

Porto  Novo,  w„ 

Cuddalore,  town  and  riy.,  w,  r 

Pondicfaerry,  It,  F  131f.    

Alemparra 

Sadraa,  fl.  st 

Covelang 

Madras,  (£],  Observatory,  f 
—  Light    Fort  St.  George, 

Fl.  2-  132f. 

Pulicat,  It  ho. 

Armegon  hill  

Mootapilly  shL,  [Im.], 

8m.  out 

Pt.  Diyy,  It  F  90f. 

Masnlipatam,  fl.  st 

Naraapour,  pt,  /,  4» 

Pt.  Gordewar,  It  F  73£ 

Coringa,  town, . 

Vizagapatam,  fl.  st 

Santapilly  rks.,  [Ic],  lof.,  j 

Chicaoole 

Qai^am,  fl.  st 

Jngamaut  pagodas,  large  ... 

Black  Pagoda 

False  Pt,  /,  %  It  F  12af. ... 
Mypurra  I.,  [}m.],  S  pt  ... 
Pt.  Palmiras,  /,  f ,  (shl.  2  or 

31.  off) 

Balasore  R.,  f .,  fl.  st 


5iT.l 


r3«' 

836 

843 
9  16 

9  33 

9  5« 

10  18 
10  45*6 

10  49 

11  1*5 
II  27 

II  30 

11  43-5 

"  55*7 

12  15 

12  32 

12  48 

13  4*1 

4'7 


Lon.  E 


'} 


POot  Ridge,  It  v.  F   

Bast  Chan.  It  T.  F    

Kedgeree,  It  F 

Sangor  I.,  It  Fl?  W,  or  Mid-  \ 

dleton  Pt.,  ^. I 

Calcutta,  IB,  Fort  William  . ... 
Diamond  Harb.,  Semaphore... 

Luckipoor 

Chittagonf?,  town,  jetty 

—  River,  liar  3,  fl.  st  at  mouth 


'3 

13  25*2 

14  I 

15  25 

«s  57J 

16  9-1 
16  20 
16  48 

16  49 

17  416 

»7  59 

18  17*0 

19  22*5 
19  50 

19  52 

20  19-4 
20  4i"3 

20  41 

21  28*0 

20  50 

21  3 
21  50*3 

41    38 


81  14 

81    12 

80  50 
80  30 
80    14 

79  sa 

79  SO'S 
79  50 
79  50*5 
79  47 

79  43 

79  45*7 

79  49*? 

80  o 

80    9? 
80  15 
80  i4*a 

80  17 

80  19*0 
80    o 

80  18 

81  II 

81     85 

81  42 

82  18 

82  12 

183  17 
8345 

83  53*? 
85     3 

85  56 

86  8 

8644 

87  7'o 

87  9 
87    o 

87  39 

88  12 

87  SS'T 

a   I 


) 


Kotnbdea  I.,  ^  4  L,  /,  t,  It 

F  on  W  side  120f. 

Shoal  Patch,  [Im.],  T 

Elephant  Ft.,  Tis.  5  L,  rks.  off 
Table  Land,  8300f.?  


22  33*5 
22  11*2 
22  55 
22  19  5 
22  14*1 

21  52*6 

21  48 
21  10 
21    9 


8t  Martin  reef,  [^m.]    

—  I.,  NS  5m.,  S  pt  rks.  

Oyster  Id.,  8,  rfr.  SE,  It  on  rf. 
Mosque  Pt»  or  Fakeer*s  Pt.... 

Akyab  harb.,  IS,  fl.  st   

Great  Savage,  It  F  I06f.  

Borongo  I.,  %  6  1.,  hum.  S  pt 
Kenain  kown  toung  pk.,  12  L 


20 
20 
20 
20 
20 
20 


38 
34 

5 

67 


84  9» 


5'» 

«9  49 
1948 


88  19*7 
88  10 

90  55 

91  49-5 
91  50 

91  53 

91  43 

92  3 

92  23 

92  12 

92  2«7 
92  39 

537 
54*o 
53-7 


92 


92 

93 
93 


1 


il 


633 


TABLE  10 


MARITfME  POSITIONS 


(61) 


Places 


2 


iTerribles,  N«  6m.,  W  lim 

g    Kyook  Phoo,  EB,  fl.  st.  

Beacon  1.,  [Am.] 

Cheduba  I. ,  %  6 1.,  W  pt  Tolc. 

—  Town,  r,  w 

—  South  pk.,  1700f. 

Tree  I.»  [Im.].  250f.  4r,  mid. 

Sandoway,  town 

Foul  I.,  4p  2m.,  sum 

Vestal  shl.,  4  ,  Hm.] 

Rocky  Pt 

Gwa,  Mosque 

St.  John's,  or  Ch.  rks.,  [Im.] 
Calventura    rks.,    ^    21., 

NWgrp 

Milestone  rk 

CoroDge  I.,  -Jf^  2m.,  S  pt. 

Shoal,  awash,  [^m.]  

Round  Cape 

C.  Negrais 


a, 


) 


) 


LatN 


(w,  SI 
!,  fi-d,  I 


t 


Lon.E 


Diamond  I.,  [Im.],  l,%  mo.^ 
of  Pegu  R.,  (rkfl.  off)  .  ...  J 

Poriam  Pt,  1,  It 

Aguada  rf.,  ^  2m.,  It.  R 

Elephant  Pt.,  f ,  pagoda 

Rangoon  R.,  bar  i.  City,  ^ 
Dagon  Pagoda j 

Riv.  ^ttang,  E  pt  entr.,  /,  1^.. 

Martahan 

Maulmain,  pagoda 

Quickme,  pagoda,  (rf.  IJm.)... 

Amherst,  pagoda 

A  summit,  vis.  9  or  10 1. 

Double  I., Jim.]  It  F... 

CdlagoukL,NS6m.,w  NE, 
N  sum 

Pagoda  Pt,  Bluff  Pt    

Moscos  Is.,  N  grp.,  N  Id... 

—  Mid.  grp.,  mid.  I.,  sum. 

—  South  grp.,  S  extr 

The  Cone,  vis.  16 1 

Cap  I.,  [im.] 

Tavoy  Pt.,  Pagoda,  1,  %  w,  b. 

.Tavoy  town    

Tavoy  I,  %  61.,  Pk.  (w,  S 

part).  Port  Owen,  S 
w,  b,^  Clyde  pt.  ... 
Mergtti,  large  pagoda 

jCabossa  I.,  %  S^m.,  sum.  . .. 

-|W.  Canister,  [2c.],  A,  I 

9   Tenasserim  I.,  NS  34m.,  sum 

Sir  Ch.  Metcalfe  I.,  ^  3m.,  | 
sum J 

Great  Western  Torres,  [S^m.] ) 

Wsnm J 

.^  Black  rk.,  vis.  8m 

I,  Twins,  NS  10m.,  S  one,  [Im.] 
^    Horsburgh  I.,  [|m.],  vis.  7 1. 
^   St  Matthew's  I.,  sum.  vis.  18  L 

—  Hastings  barb.,  ffl,  ww^, ) 
barb.  pk. 

Pt  Victoria,  W  pt.  of  Pak 

ChanR.  / 

Western  rocky  I.,  &  rks.  [^m.] 
Chance  I.,   -f-  5m.,    poJc, 
▼Is.  12L  


19  26*4 
18  54-5 
18  52 
18  51 
x8  41 
18  26*5 
18  26 
18  3 
18  2 
17  36-5 

17  33*5 
17  27*0 

i6  55 

16  40 
x6  31 
16  29 
16  16 
16  i"5 

»5  5 ''5 

"5  49  5 

15  4» 
x6  287 

16  478 

16  28 
16  32 
16  30 
16  3*1 
16  47 
16  I 

15  34-5 


*'j6' 

3*-5 
26 

93  a8 
93  4a*5 

93  4> 

55 
18 

6 
14 

94  34 
94  35-5 
94  ao 


93^ 

93 

93 


93 
94 
94 
94 


94  14 

94  18 

94  14-5 

94  " 

94  "'S 

94  «o-5 

94  »5-5 

94  a3-5 

94  " 

96  19-2 

96  8-5 

97  *o 
97  35 
97  37 
97  3» 
97  33 
97  35 
97  34'5 

97  38 


'5 
14 
H 
13 
'4 
13 
»3 
*4 


12 
27 
II 

47 
I 

3a 
31-3 

3 


97 
97 
97 
97 
98 

9| 
98 

98 


47 

45 
46 

53 

»4 

6 

14a 

IX 


(62) 


Raoes 


13  5  98  20 

12  26798  35 
12  47-6|97  so 

X2  42*097  42 

la  34 


} 


12  17 

IX  47 

XX  23 
xo  28 

XO  X2 

9  580 
10  5*1 

9  5«-5 
9  5i'5 
9  H 


97  49 
97  45 

97  as 

97  3« 
97  40 

97  5' 

98  107 

98  10*2 

97  3« 
97  50 
97  50 


••s 

I 


Middle  I.,  [Urn.], vb.  8  or  9  L 
Seyer  Is.,  NS  41.,  j,  pk.  vis. 

101 

Junkseilon,  or  Salang  I.,NS 
8l.,(ahighmtvi8.1SL), 
S  pt.,  Lem.  Voalan 

—  Piiket,  town,  S,  r,w O 

Pulo  Rajah,  or  Taya e 

Brothers,  2,  NS  3m.,  S  one  e 
Sangald,  or  Guilder  rks.,  {f,  1 

',T / 

Telibon  L,  Q,  r,  SW  part  O 

Bouton  Is. ,  2,  E  or  Dome,  18  L 

Pulo  Ladda,  [5m.],  Baas^ 

Harb.  EB,  peak /  ^ 

Queda,  town,  CD O 

Pulo  Pera.  vis.  7  1.,  ♦©•T 

Penang  I.,  NS 4 1.,  sum. 2713f. 
I  —  George  Town.  S,  (Q,  fort  \ 
Comwallis,  ff.  st.  ...  ®  / 

Saddle  I.,  [^m.l 

Pulo  Dinding,  ^  3m.,  k,  f, 

wE , 

Salangore,  hill  and  fort... 
Sumbelan,  or  9  Is.,  ^  7m., ) 

vis.  7  1.,  ^1  white  rk ) 

Jara  I.,  [im.],  j,  f 

Paroelar  lull 

Round,  or  S.  Arroa,  A,  % 

(rks.  off)   

C.  Rachado,  vis.  7  L,  1,  ^ 

Malacca,  (It),  fl.  st ., 

Water  Is.,  A,  f ,  large  or  8.,  w 

MtMoar,  A,'t 

Mt.  Formosa,  (bk.  WSW  2 1.) 

Po.  Pisang,  200f.,  f 

Mngiporc,  (Qf  battery ® 

Pt.  Romania,  (Is.,  3m.  out)... 

Barbukit  liill,  645f. 

Pedra    Branca,  j,    NW,  I 

S,   Horsburgh  If.  R  I" 
gjf^     ;^^ 

Bintang  hill,  lioOf.' !!!."!!!! 

—  Black  rk 


) 


) 


LatN 


3 


Preparis  I.,  -f-  8m.  J  B»  * 
reef  off  E  side  S.  pt  .... 

Great  Com  I.,  NS  6m.,  f , 
f*,  b,  w?  (Slipper  and 
Table  Is.,  North),  It  on 
Table  I.,  F  195f.  

Little  Coco  I.,  NS  2im., 
*.  fS.pt 

Great  Andaman*  Port  Com- 
wallis, Brush  Id.,  BB    ... 

—  Saddle  Hill,  vis.  20  L, 
Npk 

—  Port  Blair,  Chatham  I., 


r 


Sisters,  2,  [Im.]  E  one  .... 
j  Brothers,  2,  J^  3m.,  N  one. 
I  Little  Andaman,  NS  7  1., 
t,  S  bay,  (P„  w  N  pt.) 

8.  or  Little  Sentinel,  [Im.], 

61..»    

Sir  Hugh  L,  S  extr.     


9^*4' 
841 


7  43 

7  3^ 
7  3« 

7  xo 

7  30 
6  34 

6  21 

6    6 

5  4» 
5  *5 

5  »5'i 

5  «3 

4  i« 

3  20 

4  a 
4    o 

2    52 

*  49 


Loa.B 


% 

a6 

s 

xo-5 

s 

4 

59 

49 

18 

17-3 

as 

«4 

X  10 

I     5 

I  14*5 

X4  505 
X4  X2-5 

X3  58 

«3  «7'5 
13  xa 

XX  4X*a 
IX   xx*a 

XI      4 

10  83'5 

XX     %•$ 

XI  47 


97^47' 

97  3« 

98  X4 

98  14 
98  z8 

98  so 

9«45 

99H 

99  «7 

|99    47 
xoo  10 

98  567 

xoo  14 
xoo  son 

100  10 

xoo  35 
xox  as 

xoo  30 

100  9 
xox  25 

xoo  35 

xox  50 

101  I4-| 
xos  19 

X02  40 

101  54 

XO3    13 
103   51*1 
XO4   16 

104  XX 

104  14*6 

104  a6 
104  34 

93  39 


93  »*'» 

93  »3 
93    » 

93    « 

9>  4»7 

9»  45 

9»  39* 

9»  *8'5 

92  Hi 

93  4-7 


ii 
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MARITIME  POSITIONS 


(63) 


Places 


O 


LatN 


':! 


Wert  Coral  bk.,  W  lim.  ...  O 
PUt  Rock  [30  yds.],  8f.  (on  ) 

Invisi  le  Bk.)   f 

Volcano  or  Barren  I.,  small,  i 

vis.  13  1 I 

Narcondam,  small,  y,  vis. ) 

15  1.,  2150f. J 

N  and  W  lim.,  Camioobar,  ^ 

NS  6m.,  f ,  P',  r,  w,  mid. ) 
Batty    Malve,    or    Qaoin, ) 

[11m.]  *,i^ } 

Chowry  [Um.],  f    

Tberessa,  ^  4  1.,  f,  S  pt.    ... 
Katcball,  or  Tillongchool, ) 

EW  4  L,  f,  vis.  81.,}  O 

Wpt ) 

NB      lim.y     Tillongchong, ) 

CIOm.].A,t,(Is.S).Npt.  f 
Noncowry  I.,  [4m.],  % 

N,  f,  w,  harb     

Meroe,  small,  / 

Little  Nioobar,  J^  4  L,  5tt 

(wNW),  Npt 

S  and  E  lim.,  Grt  Nioobar, 

NS  lOL,  Spt.,j^ 

Po.  Rondo,  vis.  8  1.,  rks.  S-d 
Pule  Way,  ^  3  1.,  vis.  12  1.  \ 

TS,  Spt } 

Booro  I.,  or  Malora,  small ... 
Po.  Nancy  (bay  S.  w,  b,  <?,), ) 

Npt r 

Pulo  Brasse,  A,  N  end  It.  ho. 
Golden  or  Queen's  Moan- ) 

Uin,  8280f.    J 

Achen  Hd.,  or  King's  It.,  | 

A.  1    j 

PnloRiah,  [lm.],300-400f. ) 

t     ) 

Cap   I.,  50  or  60f.,  %  rks. ... 

Boekoean  PL,  [t]   

Analaboo,  w,  r,  b,  N  pt 

C.  Pelix,  /,  J 

Soosoo,  town 

Goonang  Loose,  ll,000f. 

*  JTampat  Tuan  Pt 

Baukoeongon,  R.  and  vill.  ... 

Sinkel,  pt. G 

Cooos  Is.,  2.  /,  ^ o 

PnloSimalla,^171.,Npt.    o 

-  South  pt.  o 

Flat  Is.,  2,  (small) o 

S.W.BaniakI.,NS31.,  ) 

Wpt J® 

Passage  I.,  /,  sandy 

Middle!..  [11.]  

Pak>  Lacotto, /,  f   

Pttlo  Babi O 

Polo  Nias,  %  22  1.,  W  pt.  o 

—  South  pt.,  S,  r,  w  o 

PnloBanga  6 


Lon.  £ 


5 


a 


Tappanooly  B.,  I.,  S,  Pon- 

diang  Kacbeel  I 

PoloDoa  


) 


i3°io' 

11  8 

12  15-7 

13  25-8 

9  10 

8  46 

8  28 
8  12 

7  54 

8  33 

8  o 
29 
26 

45 

3*5 

46-5 
407 

40 
45 

22 

3'  5 
5» 


92«24' 

93  30*2 

93  49 

94  »5-5 
92  46 
92  51 


(64) 


Places 


93 
93 


3 
6 


93  a3 

93  40 

93  46 

93  34 
93  4* 

93  54 

95     7  7 
95  a» 
95  H'7 
95   »o 
95     4a 
95  45 

95  "3'2 

95  a3a 


38 

95  3« 

i4i 

96  <; 

7 

96  13 

44 

96  36 

4« 

96  49 

47 

97  " 

16 

97  •« 

56 

97  »8 

>5 

97  43 

0 

9S  18 

57 

95  47 

»9 

96  22 

10 

96  35 

4 

97  5 

*3 

97  33 

58 

97  22 

50 

98  2 

44 

97  a4 

»4 

96  59 

36 

97  5» 

la 

97  0 

43-« 

98  43 

27 

98  9 

Mansular  Is.,  [4  1.],  SB  1  ^ 
SE,  w',  b;  NW  pt.   ...j  " 

Natal  B.,»  & 

Ayer  Bangies G 

Pulo  Pennee.  ^31 O 

Mt.  Ophir,  37  1 O 

Tanah  Massa,  N  pt O 


Siberoet,  N  pt 

-West  I O 


Lat. 


Sipora,  S  pt.,  C.  Marlbo- ) 
N.  Pager  L,  N  pt. 


rough 


2 


—  SW  pt.,  or  Pt.  Batoe  ...  o 

S.  Pager  I.,  S  pt 

Tripste  I.,  [Hm.],  I,  f    

Eiigano  I.,  ^  7  1.,  P„  W  \ 

pt j 

—  South  pt,  Black  Rk 

Priaman,  fl.  st 

Padang  head,  1,  A,  fl.  st. ...  G 

Pulo  Baringen  

Indrapour  Pt.,  Z,  ^  

Mooo  Moco  

Bencoolen,  fort  Marlborough 

BuflFaloPt O 

Manna  Pt G 

Cawoor  G 

Pulo  Pisang,  [lim.] 

Mt.  Ponyong O 

Crooe,  w,  r    O 

Bencoonat,  B.,  rky 

Little  Fortune  I.,  [Im.],  /,  1 

f     i 

FlatPt 

I^booan  I.,  EW  5m.,  W  end 

Keyser'sPk.,  7412f.     

Kalambayang  Harb.,  S,  w, 

r,  outer   Id.   to   SW  of 

entr 

Pulo  Lagoondy,  S,  mid.  N  ) 

side    ) 

Rajah  Bassa,  w,  r,  pk.,  4398f 
Hog  Pt .*. 


Java  Head 

Mew  B.,  w'",  SE  of  Mew 

I.,P, 

Prince's  I..  J*  4  1.,  N  and 

E  pt,  1450f. 

Krakatoa,  ^  6m.,  pk.  at  S 

pait.  2623f.  

Sea  Klip  rks.,  Gap  rk 
Sebooko,  ^  3m.,  N  pt 


North 
1^40' 
o  33 

O    II 

o  10 

o     5 

O      2 

South 

0  56 

1  55 


Thwart  the  Way,  or  Ren-  \ 
yang  I.,  ^  21m.,  /,  (rks.  J 

2ro.  NW),pk.  460f. ) 

Anjer,f,w,r.(lt  SW.d),fl.st 
St  Nicolas  Pt,  2100f. 


North  Id.,  small,  yis.  7  1.  . 
Thousand  Is.,  Northern- 
most Doea  I 

—  Peblakan,  or  W.  Id 

Armuyden  rk.,  [^m.],  I  Of.,. 


Lon.  E 


98O30' 

99  5 

99  *' 

98  44 

99  57 
98  26 

98  53 

99  «6 


1  24   99  47 


2  32 

2  51 

3  21 

4  3 

5  *4 

5  31 
o  40 

0  59 

1  54 

2  10 

2  34 
47'6 

58 

3» 

50 
8 

4 
15 

35 

54 

59 
42 

a5 
47 


50 

49 

55 


6  47 
6  45 

6  31 

6  9 

5  59 

5  S» 

S  58 

6  3*2 
5  5*1 

5  4* 

5  *4'5 

5  »8-5 
5  »3 


99  57 

99  55 
100  23 

loi  3 

102  5 

102  13 
100  6 

100  18 
100  35 

100  45 

101  4 

102  13 
ro2  15 

102  42 

103  24 
103  55 

103  58 

104  3 
104  18 

104  26 

104  31-5 
104  47 

104  39 

105  27 


105  19 

105  39 
»o5  43 

105  II 

105  15 

105  IS 

105  27 

105  23 
105  32 

105  507 

»o5  55 

106  2 

105  50 

106  28 

106  23 
106  42 
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MARITIME  POSITIONS 


(65) 


Plaoei 


I 


Let.  S  j  Lou.  B  |    (66)  FboM 


C5 


1 
1 


I 


I 


) 

') 


North  Watcher,  small,  ^, )  I 
(Omega  shL,  E'  b  S'  im. } 

ij)     ) 

Two   Brothers,  »,   ||^.  Nl 

one I 

Lynn  Shi.,  [Ic],  d,  j 

Brnuwers  shls.,  2  rfs.,  [^m.] 

Shahhonder  shl.,  E  lim 

T»w  1 .^ 

A  sand,  [Im.],  4    

Lacepara  I.,  [Im.],  %  i/.\ 

(if.  SSE,  &n.) 1. 1 

Fiftt  Point,  /,  level,  5f , 

fianca,  S  extr.,  rk.  off , 

—  Parmesang  hiU,  I250f..... 

—  NankaIs.,3,gTeatone,w, 

b,  Npt 

—  Monopin,   or  Manoom- 

bing  HiU,  I640f.  .., 

—  Frederic  Hendric  rks. 

—  North  orMoncodaPt.,  islet 

—  6oonang,orMt.,Marass, 

E  sam.,  2600f. , 

—  E  extr.,  Brekat  Pt.,  hum. 

—  Entrance  Pt.,  (SE  extr. of 

Lepa),  w  Nd.  

Sand,  4  

Fairlie  rk.,  [Jo.],  if.f  T 

Sand  I.,  [1 1.],  ^  all  roand 
Embleton,  rf.,  [4m.],  j  N 

andW 

Vansittart  sUs.,  NS  3 1.,  8 

and  E  pt 

Saddle  I 

Table  I 

Pulo  Leat,  ^  6m.,  Alcertej 

(wrecked  there )  rk  .atN  pt. ) 
Long  I.,  EW  lOm.,  W  |rt.  ... 

Billiton,  Po.  SeUo,  to  SW  \ 
[4m.],  Spt / 

—  SE  point,  (shl.  2 1.  out) ... 

—  Round  Mountain  on  £  part 

—  North-west  I 

Cambee  shL,  ]^ 

Shoe  I.,  or  Pyramid 

Canning's  rk.,  [Jc],  » ,  j,  ).. 
Gaspar  I.,  [l^m.],  vis.  101... 
Tree  I.,  [Im.],  rk.,  2  or  3  t 

Columbian  rk.,  Tof. 

fielvidere  shls  ,  ^  4m.,  rii., ) 

Npt ) 

Dntch  sLL,  "^t  i    ••• 

Magdalen  shl . ,  [  1  c] ,  ¥ ,  y,  cri. 

Newland  8hl.,2  J,  -jyr^ 

Palmer  shl O 

Severn  shl.,  [3m.],  lUf.  ....O 
Catherine  rf. 

Pratt  shl ,  2f  [i™  ] 

Attwick  rk. 

Vega  shl ,  [^c.],  if.,  t  >  ..O 
Shoe  I.  Kebatoe 


I 
) 


DiscoveryWestbk.,  [Im.],  Id. 
1—  East  bk.,  [Jm.],  Id.  2  t ... 
Osterley  shW.,  [6  1.],  N  one... 
Cirencester  bk.,  [j^m  ] 


5"  "'4 


S    9' 

5  " 
5    4" 

5  o 
3  4» 
3  44 

3  »3 

3    o 

3  8 
2  35 

%  23 


I  58 
I  flS 

1  54 

2  34 

3  4 

3  19 
3  a? 
3  30 

3  18J 

3  '» 

3  a 
2  59 

2  49 

2  53 

3  15 


106"  2/ 


3 

3 

2 

3 

3 

2 
2 
2 
2 


^3 
12 

3« 
35 
47 
23 

as 
28 

22 


106    6 

ic6  12 
106  15 

106    o 

«o5  55 

|io6  27 

106  13 

106     3 

T06  31 

105  56 

»05  45-'J 

105   11 

104  58 
>o5  53 

105  51 

106  51 
ic6  54 

106  4; 

107  I 
107    fO 

107    12 

107     6 

107  II 
107   17 

107     4 

107  21 

107  31 

108  10 
108  5 
107  38 
107  42 
Z08  o 

107  15 
107  4 
106  5S 
106  4i; 


2    IX 


2 
I 
I 

X 

I 
I 
I 
I 
I 

3 
3 
3 
3 
3 


II 

56 

5* 

58 
40 

*9 
33 
48 

7 

47*71 
37*8 

34*5 

"9 
14*2 


J07    3 

T06  47 

106  59 

107  o 
106  27 

106  30 

107  o 
107  25 

107  34 
106  32 

108  4 

108  44*5 

109  12*2 
108  38 
108  58  7 


I 


Montwan  Is.,  EW  12  L,  NB 

extr.  or  CatkerinA  if.  . ... 

—  NW  gtp.,  Toakottkemon 

I.,   kf  ifs. •.  ^ 

Ontario  rf.,  [4m.],  t,  )  (a) 

I     coral  rL  W  3m.,  t) j 

Sourontou,  E W  2  L,  UOOf.,  I 

I     w.  Wend } 

Carimata,  m  L],  y,  b,  pk.  \ 

2986f.  :.../ 

WeUesley  sbL  ? 

Panumbangam,  ^  2L,  A, 

V'tWpt.  

Greigshl.,  [2L],  f 

PuloToty 

Pulo  Docan   , 

Po.  Toojoo,  or  Seren  Is.,  ^ 

8m.,  f,  NW  one 

Smith  shl.,  [2m.],  t , 

PuloBarellah,  Is.[3m.]),450f. 
Pulo  Taya,  [3m.],  630f. 

Po.  Sinkep,  S  pt 

Alang  Kalem,  [2m.],  T 
Linga  I.,  %  sum.  3921f. 
East  Dumino,  [Im.]    ... 


) 


) 


■  Pollux  rk.,  -i 

|T»-n»bi,  112f. 

'Frederick  rk.,  [3c.],  ?,  fi$^ 
Pulo    Panjang,   EW   4m., 
390r.,  Ept 

SffiRij /ra,  comtinmedjtam  <64)i. 

First  Point , 

Batacarang  Pt , 

Jubong  Pt. 

C.  Baroe 


3 

si 


I 


^ 


Meseana  I.,  W  ride  entr. 

RbtoStr 

6t.  Carimon,  S  pk.,  U74f., 
Little  Carimon,  %  3m.,  jt, 
I    T  NE,  N  pk.,  1062f.    ... 

Bncalisse  L,  /,  NE  pt. 

Pulo  Roupat,  N  pt.,  J 

Reccan  R.,  Lalang  Besar  I., 

i   [li] 

N.  and  S.  Brothers,  -J^  5m., 

i    t.  N  one  

Battoo  Barra  R.   

Pulo  Varellah,  8  1.,  ir^  b,  P, 

Delhi  R 

Prauhilah  Pt.,  (rf.  3m.)  ... 

Diamond  Pt., /,  t    

iPedir  Pt.  or  Batoo  Pedir... 
Pt.  Pedro  


PuloTingy,  f ,  w^  sum.  2046f. 
Pulo  Aor,  ^  2\m.,  1805f.  ... 

Pulo  Pemangil,  1507f. 

PttloTioman,NS  10m.3444f.  \ 

Npt.,r^b.  w,  P, I 

St.  Barbe,  [dm.],  A,  w 

752f.   

Direction  I.,  snm.  639f. 
Pulo  Dattoo,  A,  SB  Pt. 


:1 


Soath 

2°3l' 

2  31 
2     I 

«  4* 

«  37 
I  18 
I  12 

0  55 

1  o 


I 
o 
o 
o 
o 
o 
o 


7 
50 
45 
41 
26 

12 
8 

North 
o  12 

o  4V5 

0  385 

1  X 


South 

3  o 
2  o 
o  56 

O       I 

North 
o  26*3 


I 

X 


5 

8 


»   34 
2     6 

2  10 

3  a4 


3 
3 
3 
4 
5 
5 
5 


13 
47 
46 

295 
39 


2  18 
2  28 
2  36 

»  55 


o    8*1 

o  14*6 
o    8-2 


io8*'54-2 

io«  35 

108  37 

108  38 

108  51 
108  32 

109    12 
X08    35 

»o5  47 
«05  40-5 
105  12 

105    o 
104  25 

104  57 
104  23 

104  58 

104  34-5 

105  o 

«04  44 

104  46-5 

105  8 
104  50 


X06     3 
104  51 

104  23 

103  485 

104  31 
103  19 

103  22 

i02  23 
loi  39 

100  34 

98  46 

99  34 
99  30 
98  4« 
97  5a 
97  30 
95  55a 
95  a7-2 

104  8-5 
104  31 
104  19 

104  10 

107  135 

X08    2 

108  36-2 
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MARITIME  POSITIONS 


(67) 


Places 


e 
w 

8<9 


.!:! 


s 


B 

a 


Green  Id.f  centre < 

St  Esprit  Is  » ^  4 1.,  high 

est  peak  817f.   

Wellstead  rE.,  1  .^.. 

Ellen  shl.,  rks.,  [ic.]t  sf« 
St.  Julian,  summit  537f. .. 
Tambelan   Is.,  ^  6  1., 

Great,  summit  1300f. 

—  G^rk _ 

Eorope  sbl.,  HLy  [Im.],  s 
Camd  I.,  summit  57 4f.  . 
Saddle  I.,  summit  307f.  . 
Barren  I.,  summit  80f..... 
Victory  I., summit  285f.»8 1. 1 
AcastaS.,  af.,  j 

White  rk.,  k 

Repon    

Polo  Domar,  IdOf.,^^,  j 

Djimaja,  %  5  L,  S  pt 

—  North  ex treoQe»  Guerite  rk. 

—  NE  Islands,  extreme 

—  Oater  rk.  on  E  side    

St.  Pierre  Is.,  2    

S.  Haycock  I 

Sirhassan  Id   Koti  Hd.,  7C5f. 

Kepalou    

West  I.,  865f.,  N  end 

Sottbi  I.,  N  end,  200f. 

Jackson  rfs.,  K  extr 

Low  I.,  [1  1.],  Nend  

N.  Haycock  I.,  k,  rf.,  S-d  ... 
Elphinstone  rk.,  [Im.],  70f. 

Sextr.,  Sededap  I.,  A  

Great  Natuna,  NS  40m.,  N  pt 

—  Mt.  Ranay,  on  E  side 
1890f. 

Micnlie  rf. 

Selouan  I.,  [1  1.],  S  snm. 
Low  pyramidal  rks.,  25f.. 
Sacce«8  breakers,  [2m.] 
Semione,  or   Saddle  I., 

rk.  ^4m.)    

N.  Natunas,  f ,  N  islet.. 


t\ 


S 

•I 

a 


Blair  Harbour,  9 

Polo  Varela,  rk.,  *,  rf.  2m.... 

Howard  shL,  i* 

PnbBrala,  10  1.,  rks  ,  N  5L 

PuloCapas    

Tringano  R.,  w,  r,  bar 

Great  Redang  1.,  pk 

Pulo  Lantinga  

Printian  Is.,  oater  one 

Pulo  Lozin,  small,  7f.  

Kalantan  R.,  bar,  V 

E.  PataniPt 

Koh  Krah,  grp.,  large  one  ... 

Camom  Pt 

Samni  I.,  [21.?],  2000f.  sum. 

How  Lneng,  Mt.,  7m.  in- 
land, 4326f.  

Koh  Tarkttt  (Po.  Cin.>) 
(peaks,  1815f.  ^  5m.)... 

Meinam  R.,  entr.,  mound 

Buikok,  Brit.  Factory 


LatN 


o^44'7 

o  37-5 

o  32*4 
o  41*2 

o  55*7 

I   I'O 


"•5 

"•3 
117 

193 

3»"7 
34*7 
39 

>9 
244 

44 

50 
29 

15 

»5 

5>'7 

17 

33 

39*5 

*  435 

3  3 

5« 
I 

16 

23 

33 
16 


2 
2 

2 

2 

3 

3 

3 
I 

2 

2 

2 


2 

3 
3 
3 

3 

4 


4  I 


4 
8 


4 
4 
4  3 
4  ^3 


4  3» 


4 

2 

3 

4 
4 
5 
5 
5 
5 
5 
7 
6 

6 
8 
8 

9 


5' 

38 
»9 
17 
49 
"3 

21 
46 

50 

55 

21 

12 
5» 

2 

33 


11  38 

12  II 

13  32 
«3  44*6 


Lon.  E 


070  19' 

07  I 

07  53 

07  31*2 

06  43-5 

07  32*2 

07  34' 5 

07  25-5 

06  53 

07  2*2 
06  25*5 

06  1 8*5 
06  19 

05  33 

05  5' 

05  24 

05  54 

06  12  2 

06  26 

06  29 

08  39 

08  54 

08  59-5 

09  10 
08  35 
08  51 

07  56 

07  48 

07  34 

07  51 

08  3 
08  II 

08  19 

08  25 

07  49 

07  21 

07  53 

07  42 

08  2 

03  47 

03  38 

03  38 

03  39 

03  14 

03  6 

02  59 

02  52 

02  44 

02  o 


(68) 


Places 


"9 
I 


02 

01  ., 
00  44 

99  49 
100  I 

99  33 

99  59 

100  35 
100  28*2 


S 


s 


a 


.2 


li 

s 


Siam,  now  Aynthia,  mid 

Koh-si.chang  I.,  NS  4m.,  ( 

w',Npt ] 

Koh  Leum  I.,  [|m.]}  445f.... 

C.  Liant 

Chalan  I..  [Ic],  40f.,  j,  ),.. 

CawsbaffMt 

Junk  rock  Pt 

Kusrovie  rk 

Samit  Pt 

Bumba  town 

Teeksia  R  ,  month    

Cambodia  Pt 

Po.  Way,  2  Is.  ^  Im.,  250f. 
Pulo  Panjang,  I8.,EW  3m., 

550f.,  w,  b,  r.,  great  one 
Pulo    ObV,  *#    2im.,  w, 

1046f..SWend     

Saigon,  City,  Obey 

C  St.  James,  A,  i  2^r  3m.... 

Britto  shl.,  [Hm.],  4  ,  7- 

Pt.  Kega,  J^,  (Mt.  Taicou,  [ 

A»^) )i 

Ceicer  de  Terra,  /,  *q,  «  3ra. 

C.  Padaran,  A,  1,  7 , 

False  C.  Varela,  (Camranh  ) 

Harb.,  ffl),  A ] 

Pyramid  I.,  h    

Nhatrsng  B.,  S,  w,  b.  Ht.,  ) 

bar,  Tf.,  Tree  I j 

Three  Kings,  rks.,  j,  Hone- 1 

Cohe  barb.,  S,  w J 

C  Varela,  or  Pagoda  C,  A, ) 

T»pt i 

Perforated  rk.,  rks 

Conical  Moautn 

Phuyen  Uarb.,  IB.  entr 

Coumong  Harb.,  S,  entr.    .. 

Pulo  Cainbir,  %  3m.,  6  1.  .. 

Qoinbone  Harb.,  CQ,  entr.  .. 

C.  Sanho.,  A,  1 


Lat.  N 


Charlotte  Bk.,  [3m.],  9,  j... 
Brothers,  ^  3m.,  E  one,  A,  It 
Pulo  Condore  Is.,  [3  L],  S,  1 
w,  r^,,  1954f.,  village  _^..  j 
Royal  Bishop,  ^  32m.,  10  ... 
Lit.  Catwick,  summit  56f.  ... 


sum 


:} 


Great  Catwick,  <i»o, . 

196f.  ...._ 

Yusun  shl.  4     

Pulo  Sapattt,  ^Q,  r<j  sum.  ) 

346f .^ j 

Holland  bk.,  21,  7,  centre    ... 
Pulo  Ceicer  de  Mer,  ^  3im. ) 

r.,  highest  peak j 

Vanguard  8hl.,_E.  and  W.  7  l.'s 

Grainger  shl.,  a     

Prince  of  Wales  bk.,  4 ,  S  part 

PrinceCon8ortbk.,To,  I  ^^^ 

Rifleman  bk.,  Tif.,  |  ^n  ^^ 

imboyna  Cay,  centre 

Owen  shl.«  [2m.],  crl.,  7    .. 


14**  aa' 
13  II 

>»  57i 

11  35 

12  28 

12  31 
12  8 
II  7 
10  52 
10  35 
10    6 

«  35 
9  55 

9  18 

825 

o  467 
o  i9'3 
o  29 

o  42 


»3 
44 

21 

16 


Lon.  E 


2  37 

»  55 

3  o 
3  6 
3  »3 
3  ^9 
3  33 
3  44 
3  44 

7  7*3 

8  35 

8  40-5 

9  40 

9  595 


10     2*9 
10  16 

9  58-4 
10  39 

10  32 


7 
7 
8 

7 
7 
7 
7 
7 
8 


28 

47*8 

3 
46 

58 

3'-5 

57*5 
51*8 

8 


100^36' 

100  47 

100  38 
100  57 
100  57 

103  4 

102  47 

102  45 

103  7 

104  ID 

>04  54 
104  42 

102  5a 

103  27 

104  48 

106  42 

107  5*5 

>07  49*5 

108  o 

108  48 

109  I 

109  12 
109  23 
109  18 

109  25 

109  23 

109  23 

109  12 

109  13 

109  14 

109  18 

109  II 

109  14 

107  37 
106  15 

106  36'5 

108  14 

109  4 

108  55 

109  2*2 
109  6 
108  43 
108  56 

>o9  43 
no  29*5 

no  30 

'09  55 
no  6 

III  32 

III  45 

"a  555 

III   o 


J 


586 


TABLE  10 


MARITIME  POSITIONS 


(69) 


Places 


s 

CO 

St 

1 


Spratly  or  Storm  I.,  8f.   

Uddrf. 

London  rfs.,  W.  reef — cay  ® 

—  central  rf.,  d ® 

—  East  rf.,  E.  eztr e 

—  Guarteron  rf.,  d ® 


e 


) 


Fiery  Cross  rf.,  ^  15in. ) 
L  or  NW  InTcstigator ) 

Luoonia  breakers 

—  danger  

—  shls.,    Seahorse   break- 

ers  

—  George  and  Abercrombie  ? 

—  Friendship,  shl.,  [3  1.],  \ 

T,  Npt f 

Louisa  shl.,  [3m.],  ^.|  j  ) 

,     mid j 

Royal    Charlotte    shl.,    )    _ 

[Uin.],Eks  f  O 

Swallow  shl ,  [4m.],  Am.  at) 

Ept J 

South  Viper  shl.  ? o 

North  Viper  shl.  ?    o 

Ardasier  shl.,  >{    

Gloucester  shl O 

SWShea   o 

Investigator,  HL,  EW  5 1.,  |   _ 

Wpt }  ^ 

Cay  Marino?     o 

S.  Comwallis  shl.  ?  o 

Pearson    shl.,   rks.,   NS ) 

2m ]  ^ 

Ganges  O 

Sin  Conn  I O 

Discovery,  Great  rf.,  NS  ) 
7m.,  d.,  N  end ) 

—  Small  rf.,  d ® 

Western  or  Flora  Temple  I 

rf.   J  ® 

Tisard  Bank,  Ita  Aba  I. ...  e 

—  Nam  YitI ® 

—  Eldadrf.  

Gaven  rf, 


® 


PennsylTsnia O 

—  Another  do o 

Half   Moon  shl.,  ^  3m., ) 

Spt  j 

Royal   Captain    shl.,  FEs.,  J 

[Im.] I 

NE  Investigator   O 

Pennsylvania O 

Bombay  shl.,  ^.,  W  pt.,  j  ... 

Sabina  shl O 

Penn8ylvania,shls.,[4l.], )   . 

mid f  ° 

Pennsylvania O 

Ganges  O 

Loai-ta  I.  and  rfs.,  S.I.,  ^  ® 

—  Cay,  Wend ® 

Soubie  rf.,  d.,  centre   ® 

Thitn  I.,  and  rfs.,  W  end    ® 
Trident  Shl.,  N  end,  d.    ...o 


Lat.N 


8*38' 
8  40-3 
8  519 

8  55 

8  49*5 

8  51 

9  366 


5 
5 


3 
3> 


5  3> 
5  43 

5  5« 

6  10 

6  57 

7  »3 

7  30 

8  o 

7  37 
7  SO 
8 


8 


o 

5 

8  30 
8  52 

8  56 

9  »5 
9  4* 

10     75 

xo     I 

10  15 

ro  22*5 
10  II 
10  23 
10  13 

8  50 ' 

9  5 

8  51 

9  1 

9  12 

9  3* 
9  26 

9  4» 

9  49 

10    o 
10  18 
10  40*5 
10  44 

10  55 

11  2 
II  31 


Lon.  E 


55» 

41  5 

>5*5 
20 

38-2 
50 


»  54*5 


38 
33 

33 

"5 

3» 


3  18 
3  35 

3  50 
5    o 

5  a5 

4  10 
4  '4 

4  50 

4  35 
4  20 
4  " 

3  44 

4  10 
4  22 

3  53 

4  a 

3  37-5 

4  21-5 

4  »x 
4  4* 
4  13 

18 


5 


20 
»5'5 


6  39 

30 
28 

56 

38 


47 
12 

5 

»5-5 
21 

7 

"•5 
4  39'5 


(70) 


Places 


2 
<3 


e 
••• 

a 


C9 


s 


} 


North  Danger,  a  t ,  2  islands,  | 

10tol_5f.   I 

Brown,  5  o 

Brown,  shl o 

Hrown,  shl.,  [3  1.},  T,  a  [  ^ 

flat,  mid ]  O 

North  Pennsylvania o 

Carnatic,  shl.,T  o 

Auckland,  8,7" o 

Fairy  Queen,  T o 

Seahorse^  or  Roath  bk.,  ^  1 

9m.,  44  J 

Templar  bk.,  NS  4m.,  To...  o 

Coektm  Ck/ma  eouimuedfnm  (68)S 

Buffalo  L,  or  rk.,  j o 

Turtle  I.,  small,  /...., o 

Tamquam  R.,  bar.../. o 

C.  Batangan 

Pulo  Canton,  vis.  9 1.,  rf.  SE,  w 

Qai-Quick,  S,  w,  S  pi 

Collao  Cham,  False o 

Collao  Cham  I.,  ^  5m.,  A, ) 

t^  W  summit    ) 

C.  Turon,  penins.,  E  pt 

Turon  Bay,  S,  w,  r,  islet  in ) 

E  cove    ( 

Collao  Han,  or  Tnron  Id.  \ 

at  Npt.  of  Bay ) 

C.  Choumay,  N  pt 

R.  Hue  Fo,  barT,  fort,  W 

entr.   

C.  Lay,  rky.,  E  pt  sfal. 

Tiger  1,  [Im],  A 

S.  Watcher    

C.  Boung  Quiona,  I.,  [|ro.], 

SEof 

SovelI.,[lJm.J,(rk.NE-d, 

2m.)  

Westernmost  Mammelle  ... 

Lacht  Kouenn  Harbour  

Dai  R.  mouth  

Balat  R.  mouth    

Nightingale  I.,  mid 

Lacht  Hnen,  rk.  at  entrance 
Norway  Is.,  Sonthst  pt  ...O 

Pirate  I.,  NE  pt  

Parkiung  C o 

Lien  Chew,ctty o 

Guei  Chew  I o 

Lui  Chew,  a  Cami O 

Hainan  I.»  ^  53  L,  Heong-1 

pi  hr.  ♦ ....J 

Double  hill  pt. 

Pyramid  pt 

YaitChew 

Tu-lin-kan  B,  DO,  entr.  to 

inner  barb...... , 

S  eztr.,  8  L,  1,  C.  Bastion.'.. 

Brothers,  ||,  E  one  

Liong-soy  Pt 

Sail  rk.,  rks.,  ||  W,  j  

Tinhosa  I.,  NS  2im.,  10  I., 

T  E,  S  sum.,  (w^ 

False  Tinhosa,  71 


'} 


LatN 


1*»28' 


o 
o 


30 

35 


o  43 


o 
o 

0 

o 
o 
1 


5a 

6 

20 

34 

50 

7 


Lcm.  E 


4 
4 
4 
5 
5 
5 


6 

24 

39 
16 

»3 
a5 
5  40 

5  57 

6  8 

6  7*3 

6  12 
6  21 


34 

6 
10 

55 

56 


8  8 


8  10 

9  4*5 

9  5« 
20  13 

20  13 

20  41  7 

20  27 

21  o 
21  32 
21  40 
20  55 

20  15 

19  57 

19  45 
18  55 

18  27 
18  15 
18  9j 
18  11-3 

18  22| 
18  26 

'8  397 
1849 


I  I4*'2l' 

1 16  39 

116  58 

1 17  20 

116  55 

1 17  26 
117  20 
117  39 

"7  47 
117  21 

109  t6 
109  9 
108  58 

108  59 

109  7 
ro8  50 
108  43 

io8  37 

108  20 

108  13 

108  15 

108  2 

107  43 

107  7 
107  18 
106  38 

106  31 

106  27 

ic6  14 

105  43 

106  2 

106  32 

107  43 
107  1*7 

107  7 

107  48 

108  40 

109  40 

108  56 

109  54 

109  33 

109  6 
108  21 

108  54 

109  30 

109  H 

109  41 

110  ^2 
no  *8 

no  287 

no  34 


TABLE   XO 


537 


MARITIME  POSITIONS 


(71) 


|Let.N 


•3 


) 


High  Moantain,  3  pks.,  yis. )  |  ,«o«i:# 
30L  /    "  5* 

Mt.  Toncon,  14  1.,   oter  E 
eztr 

NE  pty  or  Hekinan  Head 

Taya  la.,  vis.  5  L,  Q  W,  N  one 

—  Sone 

S  and  E  extr.,  Triton  I.,  ^ 

4in.,  Npart,  20f. 

Bofflbay  shL,  jf-  4  h,  ^., 

J,  mid ....< 

DJaoorery  rf.,  ^  &  1. ,  j,  E  extr. 
Crooent  Chain,  6  Is.,  /,EW, 

Ncxtr 

North  shl.,  ^  2 1.,  y,  E  pt... 

Eeztr.,  Dido 

Linoohi  I.,  [Im.],  rfs.  Im. 

/.  ♦.w 

Amphitrite  Is.,  2  grpa.,  ^ 

3L,  II,  N  one,  W  pt  .... 

—  S  grp.,  Woody  I.,  [Im.], 

^.  * 

Macclesfield  shL,  coral,  £W  \ 

23 L,   7  to  To,  supposed! 

growing,  S£  extr ; 

Scarborough  sbl.,  SE  extr.  .. 

—  N  extr 

St.  Esprit  shl.,  7  

Pratas  shl.,   [7  1],  Js.,  J,  i 

Id.  at  W  part    ) 

Helen  Shl.,  64    

Now  Chow,  L,  NRpt 

"  Quan-chow  w^an 

Tiea  Pkk,  I3,  outer  I 

Haj.Iing.shan  I.,  #  4  L,  \ 

9  E,  Twins,  at  SW  pt.. .  j 
Mandarin's  Cap,  wh.,^^^,  2p0f. 
Panage  I.,    £  entr.,   Na- 

moa,  9 

Wizard  rks.,  outer  grp.,  30fi 
Tylon  I.,  A,  i&A.,  pateh  E,  j, 

Spt 

erand  Ladrone,  [2m.],  1, 91. 
H«pong  I,,  -Jf-  Sm.,  S  part,  1 

Asses'  Ears / 

Great  Lema,  -Jf-  6m«,  w,  E  pt 

Lantao pk,  3050f. 

Macao,  fl.  st. 

Canton,  English  Ihctory 

Homo  KoNo,^9m.»  Vic-  ) 

toria,  N  side,  Ch.  E / 

—  WellingtoD  Battery    

Ninepin  rk 

MiraBay,  9,  rk.  mid.  entr.... 
A  high  summit,  2810f. 

Si»«teI.,[3c],T 

MeodozaL,  [lm.],7,480f.... 
Fokai  Pt,  sum.  N  Im.,  670f. 

Pedn  Branca,  k,  j 

Whale  rk.,  small,  T 

Che-lang-piah  Pt,  t 

Si-ki  ric.,  80f.,  J  

Cap.Ghi  pt,    rks.    8  2m., 

sura.  210f. , 

Breaker  Pt,  /,  rky. 


8 


M 

s 


} 

r. 

) 


) 


19  40 

20  12 

19  58« 
1948 

15  46 

16  3 
16  16 

16  35 

17  6 
16  37 

16  40 
16  59 
16  50 

15  so 

'5  5 
15  12 

19  33 

20  42 
19  12 

21  O 
21  10 
21    22^ 

21    34. 

21    28 


Lon.E  ,     (72) 


Placet 


21  35 
21  47 
21  52 

21  57 

*i  54 

22  5 
22  16 

22  11*4 

23  6*9 

22  i6'5 

22  16*4 
22  15-7 
22  27*5 
22  31 
22  24 
22  31 
22  34 

22  i8'5 

22  30*5 
22  39 
22  42 

22  48*4 

22  56 


0-9^ 


o  55 

0  44 

1  i6'7 

1  12*2 

1  IX 

2  32 
I  46 
I  40 

1  3* 

2  50 

2  42 

2  12 
2    18 

4  59 

7  5* 
7  44 

3  a 

6  42-5 

3  54 

o  45 

0  23 

1  12 

1  50 

2  22 

2  34 

3  1 
3  >5 

3  43 

4  o 
4  19 

3  58 
3  33'5 

3  15-0 

4  97 

4    9*5 
4  22 

4  45'5 
32 

4  40 
4  50 
54 
8 


4 

5 

5    o 
5  34 

5  46 

6  4 
6  28 


e 


< 

a 


Latt  N     Lon.E 


I 


Ching-hae  fort , 

C.  of  Good  Hope,  E  pt  .... 

Namoa  I.,  £w  12m.,  sum. 

1934f. 

Lamock  Is.,  ^  8m.,  8  or 
Boatrk: 

Table  HiU,  1767f. 

Chelsieu  rks.  [Im.],  20f...., 

Brothers,  2,  \  2m.,  S  one  ... 

Tonsang  Harb.,  9,  entr., 

Pagoda 

South-east  I.,  [Im.] 

S.  Merope  shL,  -^  5m.,  %A 

^Spt.T ] 

Chapel  I.,  [Ic],  200f.,  1 

Chauchat  ^.,  /,  E  extr. 

Amoy,  9,  Haussen  I 

Quemoy  I.f  ^  10m.,  S  pt. ... 
Dodd  I.,  [IcT),  rf.  E-d,  r^^  E 
West  Peak,  a  Mk.,  1714  f. ... 

Hoo-e-tow  Pt,  80f. 

Chimmo,  (South),  Pftgoda  I. 
Mt  Keu-san,  pagoda,  760  f. . 
Chung-chi  Pt.,  400f.,  (rkB.off) 

Chin-chew,  9>  Passage  I 

Pyramid  Pt,  Crks.  off) 

Meichow  I.,  -^  5m.,  S  pt 

—  Sorrel  rk.,  [|m.],  60f.  .... 

Ockseu  Is.,  ^  2m.,  E  one  ... 

Ping-hai 

Loutzee  rk.,  [Im.],  (rks.  off) 
Lam-yit  I.,  %  8m.,  S  islet  ... 
Yit  Is.,  ja,  E  extr.  Reef  I.... 
Chimney  I.,  £W  2m.,  N  pt. 
South  reef,  [^m.] 

Turnabout  I.,  [fm.]... 

Hae-tan  I.,  NS  17m.,  pk.  \ 
on  NE  side,  1420f. 

Kwing  I.,  [2m.],  ^off  NE' 
part  of  Hae-tan),  E  pt... 

White  Dogs,  grp.,  ^  4m., 

vis  7 1.,  outer,  E  pt 

Sea  Dog  rk.,  small,  j  E  ... 
River  Min,  Sharp  Pk.,  N  entr. 
Ting-hae 


) 


Matsou  L,  jp^  3m.,  S  pt , 

Chang-chi  L,  ^  3^m.,  pk.  \ 

I030f. / 

Lame  rk.  • , 


I 


Alligator  rk.,  small,  40f. ... 

Tung.yingls.,  \  3m.,  j  S, 
sum.  853f. ...  .*..- 

Double  Peak  I.,  -f-  Z\rsu.  \ 
w,  pk.  1190f. / 

Pih-seang  Is.,  fSm.],  N  Id.... 

A  Dangerous^.,  ^^ 

Fuh-yaou  I.,  ^  4m. ,  w^  NE, 

9  W.d,  sum.  1700f. 

Tae  Is.,  [2 1],  E  one,  sum. 

618  f. 

Seven  Stars,  rks.,  [2m.]  ... 
Cleft  rk 

Nam-quan,  9,  entr.  Wpt. ... 


22**  59' 5 
23  14 

23  06 

23  ir^ 

»3  39 
23  29 

23  325 

»3  44 

»3  47 

24  6 

24  xo*3 
24  21 
24  28'3 
24  24 
24  26*1 
24  40 
24  31 
24  38 

44  43 
24  46 

24  50 

24  52 

25  I 
25  2 

24  58 

25  II 

«5  7 
25  9 

25  18 

a5  13  . 
25  23 

25  26 

25  36 

»5  36 

*5  5« 

26  5 

26  8 
26  18 
26  9 

26  14 

26  16 
26  9 

26  23 

26  36 

26  42 
26  S3 


I  26  56 

1 


26  59 


27 
27 

27 


4 
6 


6°3i'5 

6  47 

7  4i 

7  14 

7  9 
7  15 

7  4* 

7  33 

7  43 

8  6 

8  13-5 
8  9 

!  5 
8  19 

8  29 

8  20 

«  33 
8  40 

8  38 

8  46 

8  49 

8  58 

9  6 
9  II 


*9 
x6 
22 

3* 
47 
9  45 
9  5» 

9  59 
9  5» 

9  57 

20  3 

20  X 
19  42 
19  50 

19  58 

20  % 

20  14 
20  26 

20  31 

20  IX 

20  23 
20  34 

20  23 

20  44 

20  51 

20  49 

20  28 


TABLE   10 


MAKITfMR  POSITIONS 


(73) 


^ 


< 
pa 


) 


Fih-quaii  pk.,  5iil  isluii... 

Castellated  rk 

Nam-ki  !•,  gip.|  ^  7m.,  w, 

74ef.,  t  

PUukUshui  Is.,  BW  4m.,  B  pt 

Quoin 

Wan-ebow-foo,  dtj... ......... 

Pe-shan  It.,  [Sm.],  E  one  ... 

8.  Foreland,  I.,  [jm.] 

Chik-hok  I.,  Qm.],  1,  76af. . 
N.  Foieland,!.,  [Jm.] ........ 

XUchow  Is.,  ^  9m.,  S  pt, ) 
or  Fingers 

—  Shang-ta,  grt.  one,  ir9r, 

Npt. J 

—  North  Id.,  [and  rfii.  |m.].. 

Square  I 

Tong-diuh,  or  Bella  Yista, 
-Jf-  2m.,  sum.  700f. 

Hai-mnn,  S  of  entr.  of  R. 
Taichow,  citadel 

FaU  I.,  rim.]  ._. 

Hirshan  Is.,  -^  5m.,  ?,  S  or  \ 

Saddle  I.,  320f.,  w / 

Eight  feet  S.,  (N  of  do.)  ... 
Triple  I.,  [2c?] 

C.  Conway 

Montague  I.,  -^  4m.,  740f.,  \ 

Ept. j 

Sheipoo 

Kweeshan  Is.,  [6m.],  grt. ) 
one,  sum.  400f. ) 

—  Patahecock  I.,  [3c.l,  h .... 

—  E  ertreme 

Chusan  Is.,  S  eztr.,  Tinker  ik. 

—  Taouhwa    I.,    ^    7m., 

sum.  leSOf. 

—  Chookea  I.,  NS  64m., 

pk.  1160f. 

—  Outermost,   Tong-ting, 

[2c.] 

Cone  I.,  small 

Chusan  I.|^  7  l.,Ting-hae, 

citadel 

Chin  Hae  

Ning  Po,  pagoda  

Friendly  Bluff,  980f. 

Fisherman's  Is.,    EW,    E 
extr.,  Brothers,  7 

—  Four  Sisters,  rky.  islets,  x 

—  Monte  Video,  ^  2m.,  j, 

A,  ♦(,,  sum. 

Leuoonna  hummocks,  [4 m.j,j 

Beehive  rk  ,  j 

Chin-san  I.,  EW  8m.,  SW  pt. 

Chllders  rk.,  j '. 

Barren  Is.,  [Im.],  rky.,  j .... 
Saddle  Qrp.,  ^   13m.,   E\ 


LaC  N  I   Lon.  E 


) 
) 
) 


) 


) 


Sad.,  Spt^T ) 

—  N.  Saddle,  £W  2m.,  j, ) 

Npt 1 

Rugged  Is.,  EW  lOm.,  SW  \ 
Horn,  50f. / 


27  20 

»7  a6*5 

a?  37 
»7  50 

28  5 
28  16 
28  22*4 
28  33 

28  23 

28  30 

28  32 
28  35 

28  42*2 

28  40 

28  50 
28  51 

28  56 

28  59 

29  3 
29  10 
29  13 

29  26 

29  21*8 
29  27 

29  36 
29  48 

*9  54 

29  52 

30  4 
30  1 

29  57 

29  SI 

30  6 

30  10 
30  9 

30  7 

30  25 
30  21 
30  13 
30  36 
30  43 
3041 

30  so 
30  35 


i2o**i8's 

120  S9 

121  45 

121  14 

121  15 

X20  38 

X2I  32 

121  44 

121  44 

121  39 

121  S5 

121  S4 
12 1  s6 
121  49 

121  S5-5 

121  27 

121  51 

122  14 

122  x8 
121  54 

121  58 

122  s 

121  56 

122  13 

122  14 
122  16 
122    8 

122  17 

X22   25 

122  36 

122   27 

122      6 

121  42 
121    32 

121  34 

T22    S^ 

122  S2 
122  46 

122    56 

122  .42 
122    17 

122  49 

123  8 

122  49 
X22  40 

121  s8 


(74) 


tIiitf.N 


3 

a 

m 


I 


I 


I 


Yang-tse  C,  Cbinetebeac., 
35f. 

Gutxuff  LV'Km.jriiof.'!!! 

\riadne  rks.,  [Ic.]    

Amherst  rks.,  [Ic]  16f. 

Woosung,  fort  W  bk.  of  riv. 
Shanghai,  Brit.  Cons 


Pescadores  Is.,  NS  15  L 

—  Junk  I.,  summit  260f.... 
--  East  I.  N  end 

—  High  L,  247f. 

—  Yih  Pan  I.  N  pt. 

—  Pachanl.,  [14m.],Npt 

158f.  

—  Table  I.,  W  pt,  180f. 

—  Ponghu  I.^  Makung  ffl, 
Obs.  I 

—  W.  pt.,  Fisher's  1 

—  North  ik. 

—  Round  I 

Nine-feet  3. 


30^51' 

30  47 

31  9 
31  II 
31  24$ 
31  147 


Formosa,  S  cape,  W  eztr.   ., 
Lambay  I.,  [2im.],  summit 

Ape  Hill,  1035f.  

Port  Zealandia  {Ted-warfu) 

Port  Kok-si-kon  

Wanckau  Bank,  i{  

Table  HiU,  360f.  

Tam-sui-harb.,  QD,  White  Fort 
Sam.  Eastward,  2800f. 
Syau-ki  Pt. 


Pinnacle  I.,  [im.J,  ||  S   ... 

Crag  I.,  [Im.]  .*. 

Aginoourt  I.,  [Im.] 

Keiung  barb.,  n.  Ruin  ric. 

on  W  side : 

Keiung  I.,  [im.],  580f.  ... 
East  extreme  of  Formosa... 
Sau-o  Bay,  Obs.,  W  aide... 
Mt.  Morrison,  12.850f.  ... 
Blackrock  fi.,  outer  rk.   ... 

Samasana  I ,  [Im.],  rky. 


} 


^! 


PonCianak  R 

Mampava  Pt.    

Satindyang 

Boerong    Is.,  Lamokotan 

Nend    

Sambas  R 

Tanjong  Api,  I,  t,  J  2m.,  w' 

Tanjong  Datou,  h 

Marundum  I.,  small,  120f. ... 
Tanjong  Sipang,aS.,  (rks.  1 

5m.)  J 

Tanjong  Po  

Sarawak  R.,  New  fort 

SirikPt., /.   

Mt.  Silungun,  1500f.  

Tanjong  Barram,  I,  rf.  off?... 
Mt.  Mnlu«  BOOOf.,  16  1.  in-\ 

land   J 

Brunai,  or  Borneo,  dty  palace 
Moarro  I.,  E  pt 


23  12*6 
23  15-9 
23  19*2 
23  24-2 

23  23-4 

23  287 
23  32 

43  33 

»3  47 
23  327 

23  28 

21  5s 

22  20*5 

22  38 

23  o 
23    6 

23  31 

24  S4*o 

25  10-4 
25  12 
25  184 

2S    26 

»5  »9 
»5  38 

2S     8*6 


L011.E 


121*52' 

122  II 
122  14 
122  22 

121  30 
121    28-7 


*5 

»5 
24 


12 

2 

35*5 
23  29 

»3    6*5 
"  39*41 

o     3 

O   21'S 

o  24 
o  48 

I  13 

a    5 

a    3*5 

14S 


I 
I 

2 

3 

4 


45 

33 
46 

4« 
36 


4    7 


4 
5 


S2'2 

0-4 


119 
119 
119 
119 

119 

119 

119 

119 
119 
119 

119 

120 
120 
120 

120 
120 
119 
120 
121 
121 
121 
121 
122 
122 

121 

121 
122 
121 
120 
121 


«5-7 

40 

19*5 

»9'5 

29-a 

335 

35'« 
42-7 

45 

50-7 
22 
16 
10 

4"5 
59 

5r5 

25^ 

30 

3« 

5r5 

6-7 
8 

445 

48 

o 

495 
5«-5 
»5 


121  27*2 

109  12 
108  S5 
108  43 

108  41 

108  s€ 

109  18 
109  39 
109    6*5 

no  20 

no  31 
no  21 
III  21 

"3  47 

113  58 

"5  H 

114  54-2 

115  7 


TABLE  10 


5d» 


MARITIME  POSITIONS 


(75) 


Placet 


Lat.N  i  Lon.E 


8 
Q 

Q 


Labnan  I.,  -^  10m.,  w,  ES  ) 
lUntty  Pt .*. I 

Three  Is.,  [2  1.]    

Pulo Tega  )  Nd.  3  1.  N  end 

Castle  Pk.,  1500f. 

Polo  GaTB,  \  4m.  NW  end 

Sanarmng  Bk.  s| 

Varnom  Bk.  ii.. 

Saraoen  Bk.  SW  extr 

Mangaloon  I.,  small  X^    

AmbongB.,  ^ 

Kioi  Bala,  Mtn.,  13,70af.  ... 

.Viatanani  Is.,  [5m.],  W  pt. 

N.  Fiirioiu  shl.  i  

N  extr.,  Sampanmango  Pt.,  1 
Kalampanian  I.,  off j 

Balambangaa  I.,  ^  5  I.,  2  \ 
SSE,  SWpt. j 

Banguey   I.,  J4   7  1.   N  J   . 
part,  w,  pk.,  14  1....  )  " 

—  E  side,  Buicowan  I 

Mangsi  Is.,  %  3 1.,   (rfs. ) 

WSW31.)    j 

—  N  one,  Saliogar  I.,  (Sa-  \ 

liogsingan  ?)  ...  \ 

Balabac  I.,  NS  7  1.,  1900f.,'l 

Spt,  orC.  Melvill   } 

Candaraman  I ,  [Im.] 

Palawan,  J^  80  1.,  S  extr., 

or  Pt.  Booleelooyan 

Boolanhow  hill.  North  end 

of  range 

Albion  head  

|York  breakers,  [im.],  1  foot 

(Other  shoals  not  enumerated) 

Table  Pt 

Ooloogan  B.,  NW  head  

—  Watering  B 

High  I.,  off  Port  Barton,) 

lOSOf.    ) 

Mabmpaya  Sd.,  Pancoh 

Tapintan  I.,  (Rugg.  Is.)  N  \ 

V^  ) 

Cabnlil.,  [Im.],  560f. 

Dumaran  I.,  ^  5  1.,  E  pt.,  \ 

Pirate  Hd ...  \ 

Carlandagan  I.,  NS  2m.,  E  pt 

Barbacan,  Stockade 

Port  Royalist,  N  Hd 

I>«tachedl.,  [Im.], /. 

Canaron  I.,  [im.] 

Nangaloo  Is.,  [1  1.].  NE  pt. 
Yloe  I.,  [3  l],  S  pt.  rock  off 

~  Linicapan     

Tres  Reyes,  rks.,  [Joi.]  

Delian  I.,  [Im.] 

Taml.,  iL3m.,  Npt 

Busnanga  I.,  ^  12  1.,  N  pt 
Colocoto  rks.  [Im.] 

Culkm  I.,  ^t  7  1.,  CuKon 

Rock,  if. 

Merope  shL,  [2m.  >] 

Appo  sh!.,  %  2  1.  ?  Is.  t, 
large  I 


5«i6'5 


12 

4« 

47 

a 

36 
49 

II 

18 

7 

6  42 

7  1 


5 

5 

5 
6 

5 

5 

6 

6 
6 
6 


•  •  < 

1 


7    4 

7  «* 

7  19 
7  "4 

7  3* 

7  37 

748 

8  5 

8  20 

8  40 

9  '7 
9  53 

10  o 
10  8 
10  10 

10  31 

10  52 

11  14 

II  26 

10  35 

10  39 
lo  21 

9  43 
8  53 


»4 
28 

17 
28 

34 

51 

19 
20 

28 

54 
38 
43 


2  39 


5^15-1 

4  49 

5  40 

6  5 
6    o 


4  53 

5  5 

5  18 

5  35 
20 

33 

>9 
20 


6  4« 

6  S3 

7  9 
7  20 

7  20 
7  20 

6  58 

7  7 
7  12 

7  26 

8  o 
8  10 

8  40 

847 

8  50 

9  6 

9  *5 

9  '7 

9  3> 
20    2 

o  17 

9  a5 
8  47 

8  17 

20  18 
o  12 

9  4* 

9  50 

7 
20 

20  23 

9  55 
20    4 

20    3 

20  15 

20    18 
20   28 


20 


(76) 


Fhoa 


H 

Pb 
•fti 


B 
0^ 


6 


o 
a 


Falmontb  Bank»  NS  2  l.,Ti ,  \ 

Npt / 

Panagatan  shl.,  EW  3m.,  If 
Semerara  Is.,  N  one,  [5m.],  ^ 

—  S  on«,  Of  Pirate  I.,  ^^  \ 
w,  (a  lake),  S£  pt.  ...  / 

Quiniluban,  [11.].  remkble.  ^ 

spire  on  W  extr j 

Manignin  I 

Dry  Sandbk.,  (t  ?) 

Manamoc  I.  and  rfs.,  [2 1.] ... 
Cnyos  I. 

—  Grt.  or  Cuyo  I.,  Tom    e 

—  E  extr.  or  Pagnayan  ...  o 

—  S  extr.,  Imalagnan o 

-  S.W.  extr.,  islet,  Paga...  O 

Sombrero  rk.  [10  yds.]    ...  e 
White  rk e 

Ambolon  I.,  S  end,  (shls. ) 
SE.d)    ] 

Port  Mangarim  N.  pt,,  / 

Pt.  Lnmintau    0 

Pt  Pandan,  (Is.  NW  2m.)  /  O 

Mambnrao  R e 

C.  Calavite    e 

Palaon  B.,  rill.,  w 

Mt  Calavite,  2000f.    

Pt.  Escarseo 

Silonay  I 

Pt.  Dumali,  (sum.  ^  3m.)... 

Pt.  Dayagan 

Pt.  Pandan    

lihagao  I.,  [2m.] 

Ylin  I.,  Pt.  Ylin  

Golol..  SEend    

Lnban  I.,  ^  4  1.,  A,  .^^h^,  \ 
Npt / 

—  Looc  Bay 

Cabras,  or  Goat  I.,  N  pt. 
C.  Santiago,  (Minerva  zE 

ESE,5m.) 

Fortune  I.,  [Im.],  h    

The  Friar,  N-dof  Pt.  Limbones 

CaTite    

Manila,  Cathedral  (It.  F,  70f.) 

Orani 

Corregidor  I.,  It.  R.  1",  639f. 

Pt.  Luzon,  or  Homos 

Port  Snbec,  Grande  I 

Pt.  Caponesy  large  I.  off,  A,  4i»^ 

Yba,  town 

Masinloc   

Hermana  mayor  I.,  enmmit... 

Pt.  Caiman  rf.  SW 

Tambobo  pt 

C.  Baltnhaaay  

PortSual  

Lingayen  

Pt  San  Fernando 

Pt.  Darigayos   

Port  Santiago   

Pt.  Dile 

Mt  Bolagao,  3594f. 

Pinque  I 

CuliUPt 


Lat.  N,  Lon.E 


1 


ii*»5o' 

11  51 

12  7 

II  58 

II  26 

II  365 
II  24 
II  20 


10  52 

10  58 
10  45 
10  47 
104.3 
10  28 


I*  ii'S 

12  20 
12  31 

12  $0 

»3  »5 

13  26 

13  »3*5 
13  28-7 

13  32 

13  27 

13  6 

12  38 

12  175 

12  12 

12  10 

13  38-5 

13  5» 

»3  438 
»3  54 

13  46 


14 


4 
18 

14  a9i 

14  36-0 

14  48 
a3'3 
*5-5 

>4  47 

H  555 
20 

33'5 
48 

55 
0-5 


'4 

"4 


15 
15 
«5 

»5 

]6 


16  25 

5 

3 

37*5 
51 
17 
34 

17  4*5 
17  40 

5 


16 
16 
16 
16 

17 
»7 


]8 


121**  o' 

21  18 
21  19 

21  22 

20  47 

21  40 

21  34 

20  43 

21  o 

21  12 

21  3 

20  35 

21  33 
21  2 

21   O 
21   4 

20  55 

20  47 
20  37 
10  17*5 
20  29-2 
20  24 
o 

»3 

34 
32 


21 
21 
21 
21 


21  2J 

21  25 
21  B 

20  25-5 

20   5-5 

20  16-7 
20   2 

20  40 

20  29 

ao  37-5 

ao  54*5 
20  58*1 
20  33 
20  34 
20  28 
20  13 
20  0*5 
19  58 
19  56-5 
19  47'2 
19  46 

>9  43*5 

19  52 

20   6 

20  14*5 
20  i6'5 
20  20*0 

ZO  25'2 

20  21 

20  32-5 

20  22 

20  28*7 


840 


TABLE  10 


MARITIME  POSITIONS 


(77) 


Places 


IS 


1 


I 
I 


C.  Bojeador,  /,  /3  2m 

Pt.  Mayraica 

CaraballoHill  

Cabicangmn  Pt , 

Aparri,  town,  $' 10  

C.  Engano,  Hermanos  Is.  ... 

Dedicas  rks.,  A,  pkd 

Guinapac  rks.,  A.  j,  ||  W    ,., 
Camiguin  I.,  -Jf^  4  1.,  (Port ) 

S.  Pio  Quinto,  f  W,  w),  \ 

▼olc.  Tis.  20*1.,  Font  I.     ) 
Fuga.    or   New    Babuyan, 

EW  5 1.,  Port  Musa,  *„ 

at  Wend  

Dalnpiri,  Tis.  11 1.,  t^  iIls. 

S-d.,  Npt 

CaUyan,  [3 1.],  A,  j,  rf., ) 

NWpt (  ° 

Wyllie  rks.,   2,  Ji.  2m.  i  ^ 

Npart   f  V 

Claro  Babnyan,  [5 1.],  A,  t  ^ 

vole.  Bend   )  V 

Balintang  or  Bichmond) 
Is.  3,  [ll.f]  A,  JL,Tt>  Q 
>o,  None  ) 

Sabtan   (Bashee)    I.,    N8) 

5m.,  S  pt. J 

Ibngos,  NS  2m.,  S  pt 

Deqnes  (Goat  I.),  [fm.], 

Batan,  or  Monmouth,  ■Jf^'i 

9m.,r,w^Nsam.3806f.  f 

—  San  Domingo,  Cathedr.\ 

orCh / 

Diego,  (Grafton  I.;,  [fm.], ) 

848f. J 

Ibayat,  (Orange  I.},  -Jf-  8m., 

r,  ^  W,  N  sum.,  or  Sta. 

Rosa,  680f.   

Siayan,  [^m.],  mid 

Mabadis,  ^  l^m 


Lat.  N 


1 


N.  Basbees,  'Yami.  ffm.],  \ 
5tisSSW2m.)} 

or   Cambrian ) 


Gadd's   £ 

break f 

Little  Bote!  Tobago,  [im.], ) 


1 


Botel  Tobago,  ^  8m. .'  t, 
NEpk.  1850f. 

Vela  Rete  rks.,  [2m.].  vis. 

5m 

Tligan  Pt 

Mt.  Do8  Cuernos,  4008f. 

Tnmango  Port,  N  pt.  entr.  O 

C.  St.  Ildefonso    o 

Port  Lampon    

PoliUoI.,%71„NEpt.,\  ^ 

(Is.  SE-d.)    ]  O 

—  Sonth  point o 


1  S°  30' 
18  40 
18  31-^ 
18  38-2 

18  21*3 

»8  35*5 

19  3 
z8  58 

18  55 


z8  5a 


19  9 
19  la 
19  30 
19  31 


Jomalie  I.,  [3 1.],  E  pt.  ...  o 


i 


Maulamat  I. o 

Cabelete  I..  [4m.],  S  pt. ...  o 

AlabatI.,[31.],/,Npt., )  ^ 

(sd.  bks.  W-d.) ]  O 


Lon.  E 


19  58 

20  17 
20  19 
20  21 

20  28*5 

20  »7'5 

20  41  i 

»o  4r3 

20  52' I 

20  54 

21  5 

21  42-3 

21  577 

22  s 

21   451 

18   20*5 
17    30 
16  43 
16      5 

H  43 

15     5 

14  43 

«4  35 

H  30 
14  15 

»4  14 


1 20"  34-5 
120  52 

120  54 

121  6 

121  37 

122  6'5 

122    4 
122    4 

121  48 


121  16 

121  13 

121  22. 

12t  39 
122      I 

122    14 

121  53 
121  49 
121  48 

120  I'f 

121  59*0 
121    57 


(78) 


Places 


3 

e 

(4 


n 


1 


LaLN 


a 


121  5*7 1  » 

121    555 
121    57 

121  57 


121    37*2 

121  36'5 

121  335 

120  48*2 

122  18 
122  6 
122  14 

121  46 

12 1  34 

122  6 

122      4 
122    17 
122    19        ^ 
121    50 

121    55 


Jaulo  I.,  small O 

Samor  I O 

Matandumatne,  /,  Est.  of 

Is 

San  Miguel  B.,  Canton)  ^ 

I.,Wofentr.  [Im.]  .,] 
I.  Batavanan,  \  3m.,  N  pt.... 

Sisiran  Port,  S , 

Palnmban  I.,  £W  3m., 

outer 

Catandnanes  I.,  ^  121., 

shl.  Nof,  [ll] 

'  Bagamango  I.,  off  E  pt.  O 

—  S.  or  Caloltong  Pt O 

Volcano  of  Isaro  

Volcano  of  Albay 

Rapurapu  I.,  [31.],  S  pt.  ... 

Pt.  Montngan,  rfs.  3m 

Volcano  of  Bulusan 

St.  Bernardino  1.,  [2e.],  ♦o*  \ 

II  Band  W    ) 

8  extr.  of  Luzon,  Calintan  I. 
Port  Sorsogon,  S,  town  ... 
Ticaol.,^  51.,  Npt  (Is. 
off.)    

—  Port  San  Jacinto,  on  E 

side,  B3,  w,  r 

Masbate  I.,  N  pt 

—  Jintotolo  I 

—  Port  Barreras,  on  N  side, 

S,  N  pt.  entr 

Butias  I.,  \  121.,  N  ptlt... 
Cabesa  de  Bondo,  1250f.    ... 
Marinduque  I.,  -^  8  1.,  S ) 
pt } 

—  St  Andre,  NW  part  Q... 

Pa^ilao  I.,  JL  1 1.,  S  and ) 

Pt.  LoGolooo 

Mt  Labo,  sum.  3363f.     

I.  Verde,  ^  5m,  NE  pt 

Batangas,  town,  r 

Pt  Natooo    

Maricaban  I.,  EW  2 1.,  r&.  I 

£  and  W  pts.,  W  sum...  j 
Maestre  de  Campo  I.,  [1 1.]  ) 

Npt / 

Dos  Hermanos,  2,  E.  I. 
Banton  I.,  [11]  NEpt... 

BantonctUo  1 . ,  [^m.  ]   

Simara  I.,  [2m.]  N  end  ... 

Tablas  I.,  NS  ab.  121.,  N 

pt.  A  

—  P.  Loog  Town,  B3  


) 


•••••« 


Sibuyan  I.,  %  5 1.,  pk.  tis.  ) 

151.,  Pt  Cavit ( 

Cresta  del  Gallo  I.,  [Im.]  S. 


Batag  I.,  NS  5m.  N  pt 

Samar  I.,  ^421 

—  Port  Palapa,  E  pt  entr.... 

—  Borongan,  town    

—  SandEeztr 

—  Manicani  I.,  [1 1.]  Spt... 


■4"'9' 

14  916 
14    17 

»4  7 
14  II 
»3  59 
14    o 

14    8 

14  » 
«3  3« 

13  37 

13  »6 
13  12 

13     8-5 

12  46 

12  46 

12  325 

12  57-7 

12  43 

12  44 

12  36 

11  50 

12  33 

13  9 
13  12 

13  12 
«3  33 
»3  53 


LoiuE 


122*25' 

122  50 

123  5 

123  11 

123  24 
"3  44 

124  4 

124  13 

124  «3 
124  15 

123  24 

123  4r 

124  14 

124  137 
1x4    6 

124  18 


124 
124 


6* 

OS 


n  39 

13  40 

«3  33* 

13  45 

13  38 


»3  39*7 

12  56 

13  o 
12  57 

»*  53 

12  50 

12  40 
12  16 


12  16 
12  11*5 

"  43 

12  4l'2 
II  40-5 
10  56 
10  5& 


123  36 

>»3  445 
123  15 

123     7*5 

123  24 
123    o 

122  35 
122  2 
121    52 

121   45 

121  25 
121  18 
121  5 
121  3 
121   I 

120  srs 


121  41 


1-' 


121 
122 
122  I 
122  7 


122  7 

121  57*5 

122  jS-7 
122  4»'5 
125  5 

12$  o 

125  23 

•as  54 
i»5  40*5 
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MARTTIMB  ^OSTTIONS 


{79) 


Ft-AIIpata O 

Vmnman,  ^  4  1.,  N  and  W I 

Pt. ....J 

Sibogay  I.,  N  end,  [1  Lj    ... 

I.  de  la  Mesa,  [1  1.]  SW  j 


[BS&nn,  \  7  I.,  NW  pt 
a  Ly  mu  ' 


I.  delGato,  rk 

Tagapula,  ^  6ni.,  E  pt. ... 
Los  Naranjos  Is.,  [2 1.]  E 

lim 

•  jCapol,  %  7m.,  N  pt. 


H 
9* 

0i 


pt.) 


r 


Lejte  1.,  ^g  37  L,  Gigan- ) 
tao^an  islet,  off  NW  pt.   ) 

Pbrt  Palompon,  town  

Camotes  Is.,  NW  one,  Talong 
Ylongos,  town  

—  Spt 

limasana  I.,  off  do.,  S  end... 

Panaon  I.,  S  pt 

Bokol,  £W  15  I.,  SE  pt 

—  West  point,  or  Pt.  Doljo 
Zeba,  ^  35  1.,  S  extr 

—  Zeba  town,  S,  fort 

—  NE,  or  Biilalaqui  Pt 

Siqmjor,  ;|j^  7  L,  Pt.  Minalidan 
Negros  I.,  ^  38  1.,  S 

or  Pt.  Siaton     .... 

Pt.  Sojoton,  7 

I— North  Pt 

litingon  bk.,  [I^m.]  

Panay  ^  32  L,  S  pt>  h,  i,) 

Jnrajarao  islet  off ) 

S.  Joafc  

Nalnpaptrf. 

Manignin 

Pt  Pucio  

Borocay  I.,  off  N  pt 

Sibay  Island,  W  pt 

Yk>ylo,  (HiloHUo),  S,r  .. 

—  PortBatang,  9,  entr 

Ointaya  Islet 

Zapato  Mayor  

Jiototolo  I..  [1  L]    

PtBolacani 


Gigantes  Is.,  [2  1.],  outer   ... 

CiUebra  Islet 

*  BaUgaian  Islet 

Doon  I O 

Cslangaman  I.,  at  E  extr. 
ofarf    


UtN 


:l 


Snlnan,  [1  1.]  

Malhon  I.,  [4  1.],  E  pt   

Dinagat  I.,  Pt.  Desolation,  \ 

Npt / 

Gibuson  I.,  N  pt 

Stargao  I.,  N  pt  a  rf.  NE   ... 

P.  Sibonga  entr.,  S 

P.  Surigao,  9,  town     

Bilaa  Pt,  N  extr.  of  Min- ) 

danao ) 

Pt  Caoit   

Catnl,  town  O 


XI  41 

t%    o 

"  53*5 

II  43 

11  30 
XI  26 
xa    6 

12  12 
12  31 

"  35 

II  2 
10  44 
10  23 
10    o 


9 
9 
9 
9 
9 


54 

55 

48 

35 
26 

10  i7'5 

11  7 

Q    ID 


9  59 
10  58 

"  55 

lo  24 

10  445 

11  13 
1 1  36 
II  46 
II  58 
II   51 

10  42*2 

11  36 
II  38 

"  45'5 
II  50 

37 

38 
22 
12 

59 


Lon.  E 


»5 
»5 

U*4 


II 

II 
II 
II 
10 


II     7 

10  46 
10  43 

10  28 

10  28 
10    4 

9  41 
9  47 

9  49 

9    75 
7  50 


25^/ 

»4  45 

24  a7 

24  17-5 

24  21 
24  7 
24  I 
24  17 

14     5 

24    9 

24  16 

24  24 
24  20 

a4  47 
»5     3 


6 
i8'5 

37 

»3  44'5 
23  19 

13  57 

14  5 
»3  44 

23     I 

22  24 

23  15 

22    14 

21    56 

21  54 
21  57 
21  40 
21  50 
21  54 

ai  23 

22  34*2 
22  30 

22  50 

23  2 

43  7-5 

»3  9*5 

23  22 

*3  4 

23   21*5 

23  36 

24  17 

26  o 
»5  5» 

25  40 

*5  31 

26  55 

26     1 

25  317 

25  28 

26  14 
26  28 


(80) 


Places 


s 


} 


1 


CO 

it 
Z 

a. 


Pt  Posan 

C.  St.  Augustin,  or  Pan- )  . 

dagitan  f  ^ 

Palmas  I O 

ESiranganiI.,NS41.,^,) 

b,  hill,  Send 

S  extr.,  or  Pt.  Sarangani, 

Tis.  12  1.,  7  

Volcano 

Leno  Bay  O 

Mindanao,  R.  entr o 

Pollock  Coye,  9,  w,  P,,  fort 
Bongo  I.,  ^  5in.,  SW  pt.  ... 

Tiguma 

Pt.  Flecha 

Oluntanga  I.,  S  pt 

Cocos  I.,  small,  h 

Sta.  Cros  Is.,  2,  E  one    .... 
Samboangan,  w,  r,  Gov.  Ho. 

It  Ered 

CalderaPort 

Pt  Balagonan,  X.    

Murdelagos  I 

Pt.  Siodimgan  

Pt  Blanca 

Aliqnay  1.,  i,t,jS    

SUino  I., /,  t,  T  »    

Pt  Tagolo 

Misamis  town  

Pt.  Sulaiiang < 

Cagayan,  anchorage 

Pt.  Bagacay 

Camiguinl.,  [41.],  5415f.  j 

snmmit  j 

Golconda  rf.,r?    

Sultana  Bank,  f|  

Cagayanes  Is.,  5,  /,  f,  (rf. ) 
Ncnd)  ] 

Calusa,  r3c.],  *o'  * 

Aiiuling  I 

Cavelli  I.,  124f.,  [t],  NE  | 
extr I 

—  Reefs,  SWextr 

Jessie  Beasley  rf. 

Tuob  BaUha,  shl.,  ^  7  I., 

rk.  S  extr. 

—  Shl.  SW-d.  Srk 

St    Michael's    I.,    Msnukl 

Manukan,  SSC   / 

—  Bancawang,  12Sf. 

—  Buncoran,  I40f   

Cftgiyan    Sooloo    Is.    S,"! 

large  onc^  A,  It*  rk.  At  >e 
entr.  of  oirc.  basin J 

—  Keenapoussan  L... • 

—  8  extr.,  Moolegee  Is.,  T» 


} 


) 


Mambahenanan 

Talantain  bk.,  3    

Pearl  Bank,  ent    

Tawi  Tawi,  Bongola  ^  ....... 

Manuc  Manca,  S  pt 

Sibutu  I.,  N.  pt  


LatN 


7*^14' 
6  17 

5  33 
5  H 

5  31 


5 
6 

7 

7 

7 

7 

7 

7 
6 

6 


44 

45 
12 

21 

18 

465 

22 

167 

44 
5» 

655 

6  58 

7  47 

8  7*5 
8  II 

8  32 

8  45 
8  5, 

8  437 
8    9 

8  38 
8  30 

8  59 

9  " 

10    5 
9  59 

9  47 

9  36 
9  44 

9  '4* 

9  io'5 
9    »5 

8  49 

8  43-5 

7  4a'6 

7  44*8 
7  56-6 

6  591 


Lon.  E 


7 
6 

6 

5 
5 
5 

4 
4 


ii'3 

53 

34 
4» 
48 

3 
47-2 

54-8 


26'»  / 
26    6 
26  25 
25  25 

25  18 

»5  25 
24  00 

24  II 

24  12-5 

24  I 
23  27 
23  24 
22  50*5 
22  15 
22  5 

22  45 

21  58 

22  5-5 

22  28 

22  41 

23  6 

23  147 
23  26 

*3  »3*5 

*3  49*5 

24  31-5 

14  42-5 
24  49 

«4  45'7 

21  47 
21  22 

21  20 

21  6 
21  25 

20  52*2 

o  4«;7 
9  48 

9  55'5 

9  5« 

8  28 

8  33 
8  41 

8  29 

8  26 
8  24*2 
8  315 


»7 
39 
47-5 
50-5 

27 
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(81) 


Plaoei 


Doo-Can,  W  pt 

Cap,  N  end O 

PADgootaran  It.,  Ubian  I.,l 

72f.  Spt  / 

Koulasden,  rft.,  E  pt O 

SaUeolookit  Is. O 

Griffin^    O 

N  eztr.,  Teynga  I.,  gmall,  1 

A  t    J  ^ 

Sangboyi  la.,  small,  S  end.  G 
Basilaa  I.,  EW  1 1 U  3970f.1 


P^  Pt  Matanal 


—  Pasanhan,  S,  w,  Malavi\ 

I.,Wpt / 

Cocos  I o 

Sibago,  A,  E  islet O 

Boobooan,  £  pt.    O 

Tapeantana,  small,  pk o 

Belavan,  EW  4  1.,  4  v, 
P^  E  pt. 


o 

} 


} 


Simisa    O 

Sooloo,  EW  IS  L,  A,  town, 

Y.  r»»>.  P/ 

Sooladdie  I.,  Ept O 

Pata,  W  end 

Kal)tnpran  Is.,  '2,1,  f   O 

Siasai  Pk 

Simalttc  Pk 

Sigboye   passage,    Dai^er- 

ous  pt.   ^ 

Banguey,  pk,  on  NW  part  7.. 

Banoowan  1 O 

MaUawallee  I.,  [3  1.)    O 

Pt.  Soogoot   o 

Sependong  I O 

Luikayan  I O 

Libarran  I 

Bagnan  I 

Sandakan  B.,  3  9,  w'.^b,) 

Pt.  Kinabatangan 

Unsang  Pt ® 

Polo  Gaya,  [1 1.] 

SiAmeell 

Sipadan  I 

Ligitan,  Sandy  I 

Sabanoon  (mouth  of  R.) 

Bolnngan,  town    

Maratna  I.,  NS  5m.,  N  pt... 

Pantai  R.,  month 

Bomige  Is.,  [81.J,  rfs 

Haring's  la,  2,  [2m.],  /  ...  o 
Pt.  Kanneeoongan,  t,  (2  Is.  i 
off,»)    j 


ftq 


! 


Pamaroong  I.,  KS  101.,  S 

pt  

—  E  extr.  do 

Passier  R.  entr 

Ragged  Pt.,  1,  f,  (shls  3 1.)  O 
Shoal  Pt.,  I,  t,  (riv.  S.)  ...  O 

Grt.  Polo  Lant,  NS  18 1., 

P^NEpt 

Two  Brothers    


Lat 

North  1 
5  59 

6    77 

6  i6 
6  41 
6  46 

6  53 

6  50 

Lon  E 


6  38 

6  41 

6 
6 

6  22 

6  19 
8 

59 

31 

51 
48 

40 

31 

»67 

«3 

19 

«4 

3 

43 

49 
16 

2 

2 

49 

44 
13 

56 

20 

7 

19 

47 

49 
18 

2 

3» 
44 

3 

South 

o  51 

0  45 

1  50 

2  to 

a  33 

3  12 

4  20 


1 19°  56' 
120  10 

120  27-5 

120  43 

X2I  22 
121  24 

121  37 

121  36 

122  19 

121  59 

122  15 
122  23 
122   O 

N22   I 

121  52 
121  35 
121   O 

120  47 

121  4 
121  5 
120  52 
120  15 

120  43 

117  9 
117  20 

117  ]8 
117  47 
«i7  35 
117 
118 
118 


118 
118 


58 

4 
30 

12 


36 

'3-5 

57 


(82) 


I 


119 
118 
118  49 
118  32 
118  28 
117  44 

1 17  20 

118  31 

117  49 

119  o 
119  o 

118  s8 


"7  33 

117  37 
116  34 
116  33 
it6  25 

116  20 
116  13 


a 

a 


I 


Dwaaldcr  I., /,  t.  a^-^  

S.  eztr.,  Taj^ong  Salatan    ... 

Banjar  Massin,  bar  

Tanjong  Maletayo    

Sampit  B.,  £  Pt.  entr 

Put  Pt.,  C.  Vlakkan    

Cotaringao  R.   o 

SW  pt.,  Tanjong  Sambar    ... 

Fox's  shl.,  f 

Hector  shl.,  ?  c 

Pulo  Mancap,  /,  ()  4  1.,  W)... 
Rendezvous,  or  Kumpal,  J^  I 

4  1.,  w' W,  SW.  pt I 

MintoHiU    

Snccadana,  town   o 

Mt.  Marang,  2200f. 


I 

s 


I 


Laurot,  or  Little  Pulo  Laut ) 
ls.[101.],SandWextr.  J 

—  North  Id.,  w,  b 

Moresses,  larg.  of  3,  3  3m., ) 

pV •■■ i 

Two  Brothers,  /,  *,  H^ 

Dwaalder,  /,  f,:^.^  

Royal  George  shl.,  [(m.],! ... 
Three  alike,  4,  vis.  5  L 

Sibbald*8bk.,s o 

Noesa  Comba,  /,  shl.  S  end... 

Noesa  Seras,  4  Is.  vis.  7  1.,  I 

t    i 

Pudsey  Dawson    

Laurel  shl 


Lat.S. 


Gt.  Doongdoangan   

Callohiji  Is.,  [31.]  Rotterdam 
Meedenblik,  or  Edam  

■ 

Laers  bk.,  Dewakan  I.  (shl. ) 

121.,  S^) f 

Tonyn  I 

Landyukan    

Teignmonth  shl.,  W  lim 

North  Watcher 

Kapo  Posang 

A  bank  O 

Dry  sand  bk o 

Triangles,  3,  [1 1.],  N  one,«o 

Addii^ton  ahl.,  s 

Hannah  shl o 

LitUe  Paternosters,  13  Is. 
and  bks.,  I.,  5^,  (S  lim. 
uncert.;  bks.NW31.), 

NWld..w 

-North  EastL,  w 

LaykenPt    

Tanakeka  I.,  [4m.],  f ,  N  t 

pt i 

North  Brothers,  [Im],  N  1 

one  (an  islet  NW  3m.)...  } 

Deer  I.,  (^m.) 

Macassar,  fort,  N.  bast 

Pt.  Lera    


C.  Mandhar,  A,  t 

Lebany  B.,  w'",  N.  Pt 


4*  14 


4 
3 

3 
3 

3 

2 

2 

3 
3 

3 


4 

4 

4 

4 
4 
4 
3 

5 
5 


5 


10 

¥> 

30 

3 

3» 
55 

5» 

30 

45 
5 


2  47 

2  15 
I  12 

I   '5 


5» 
40 

22-5 

"9 

14 

13 
4c 

46 

20 


5    * 

4  41 

4  30 

5  U 

5  " 

5    o 

5  26 


5 

4 
4 
4 


3» 
59 
55 
33 


4  43 


3 

3 
3 

% 
% 


30 

37 
I 

4S 

17 


a    8 


10 
37 


528 


5 
5 

4 

3 

2 


26 

9 
82 

3 

35 
5» 


i6«  10' 


*4 

«4 

«3 

«3 
II 

II 

lO 

10 
10 
10 

10 


4* 
a8 

30 
3 

55 

^3 
18 

10 

8 

'5 


4 

10  6 
10  3 
09  31 

15  42 

15  47 

15  50 

16  12 
16  10 
16  16 

16  39 

17  2 
17    4 

17    6 

«7  3 
»7  >5 

17  56 

17  3« 

17  51 

18  26 

»8  35 

19  2 

18  34 

19  II 

18  55 

"7  43 

17  4« 

>7  51 

16  45 

17  2 

t7    3 

17  s» 

19  25 

19  19 

19  16 
19  14 

19  21*1 
19    31 
18    54 
18  46 
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MARITIME  POSITIONS 


(83) 


3 


5 


C.  Waikm,  k,  (an  Id.  o£F}  o 

PtKait O 

PaloB  B.,  S,  town    

C.  Temoel,  rf.,  W  5m.,  N  ) 

.    Pt. J 

^th  Watcher 

Seren  la.,  /,  f,  I.  NW,) 
the  North  Watcher,  Tis.  >  e 
5L,  BE ) 

C.  Donda,  (rf.  N£  10m  ),  1   _ 

*.T ;® 

C.  RiTcrB,  via.  30  I.,  outer ) 
of  2  ialeta  off,  80f.,  t,  ^  | 

PSentyang  I 

C.  Candy   

Jorina  rfa.,  Bongkie  I 

Mt.  Sapatan,  5963f. 

Manado,  Fort  Amaterdam  ... 

Mt  Klobat,  6694f.  

Tooa  Manado    I.,    [Sm.], ) 

sam.  1500f.    J 

—  Nuinl.,  [lim.]  

Salice  I.,  ^  6m.,  N  pt   

Banca,  ^  7m.,  E  pt.    


5 


ficguen  L,  [2L],snm 

Q.  C€iBjk    

Limbe  I.,  ^  S 1.,  N  pt«    .... 

Kema,  w,  r,'fort   

Belang  Town 

C.Pkaka  

Goron  Tato  R.,  f ,  w,  entr.  ... 


I 


P"»gy  

C.  Tellogonda  

UnaUnal.,  Npt 

C.  Apie O 

Grt  Waleah  1.,  N  end 

C.  Talabo,  A,  B  pt.  O 

Toko  B.,  entr.  o 

PdingLyEpt Q 

Bankohi  I.,  Send    Q 

Nederburgh  Pt.,  )  5m 

SaiIabankal8.^uter,orLow  | 
.  Ambelie / 

L«benki  L,  [5m.].  E  pt 

Manui  I.,  [3  L],  A,  N  and  I 

_^pt. ] 

Wiiwongy,  or  Wowony,  I., 

[51.],  Ept 

Pt.  Nipa  Nipa.  N  extr 

Vosmaer,  or  Kendarie  B., ) 

fl.  tt J 

Beaton  I.,  Ji  271.,  Npt.  ... 
-Eattpt,  /    

—  Sooth  pt 

—  Bonton  town,  fort,  r,  P^ ... 

SoathI.,Spt 

Caabyna  I.,    [5  L],    pk. 

4000f. .. 

Banal.,!. 


1 


1 


Lat 


South 

1O37' 
2  52 
o  57 

North 
o      I 

o    8 


o  33 


o  58 


I  10*4 


I 

I 
I 

I 
I 
I 


«9 
20 

5 

7 

30-4 
26 


I  39 

1  47 
I   56 

I  48 


I 

I 
I 

o 
o 
o 


4» 

34 
22 

S6 

*7 
30 

Sonth 
o  47 

58 

9 

47 

13 
46 

o 


o 
o 
o 
o 
o 

2 


I    17 

«  55 

a  53 

3    6 

3  a7 

3  35 

4  5 
3  54 

3  58 

4  »3 

5  15 
5  4» 
5  28 

5  43 
$  '9 
4  55 


Lon.  E 


i8»5o' 

18  52 

19  49 

«9  37 
X9  40 

19  40 

20  15 

20  43*2 

21  3 

21  25 

22  57 
24  41 

24  46-5 

»5     ' 
14  37*5 

*4  43 

»S     4 

25  9 

25  25 

*5     8 
«5  15 

25     I 

«4  43 
24  25 

22  57 

20     9 

20  34 
21 
21 

22  12 

23  27 

"  33 

23  31 
*3     3 

22    17 
22    33 

22  28 

23  12 

23    II 
22    37 

22   40 

*3    4 

23  15 

22    48 

"  35 

22  30 

21  53 
21  30 


35 
36 


(84) 


Places 


a 


•5 


PalopaB 

C.  Dyenee 

C.  Patiro   

Boni,  city,  5m.  inland  .... 

SalanketaPt 

Boni  rk 

C.  Laaaa    

Sarontang 

SalayerI.,%1.3i.,Npt.. 
Whale  rf,  I 

Boele  Comba,  ww^,  fl.  at. 

Mansfield  shl.,  4? 

Bonthian.Mtn 

Tnratte    Pt.,    A,    oyer    C 
Laykau  


Lat.  S 


Lon.  E 


:l 


Button   

Pulo  Babi,  EW  3m.,  W  pt  ... 

Bantam,  fl.  at 

Mt  Karang,  6014f. 

Pontang  Pt 

Hoom  Is.,   EW  4m ,   rk.  I 

W-d   ( 

Batavia,    Obs.    f    0^,    ) 

G.M.T  7*'  7"  20«  } 

Karawang  Pt,  ^  

Mt  Salak,  9322f. 

Tanj.  Sedarie,  f  NW  lim.  ... 
Sedarie  rf.,  [3m. J,  s ,  ||  S    ... 

Paman'^ukan  Pt 

Indramayu    Pt,  ^,   f ,    E 

extr 

Chermaier,  or  Cheribon,  fl. 

8t 

—  Pk.,  8730f   

Mt.  Tegal,  9684f. 

Rappang  shl.,  [2m.]  3     

Mt  Soumbing.  9608f. 

8a  mi!  rang,  fl.  at 

Po.  Panjang,  [Jm.]  ,  (W-d.  \ 

of  Japara) f 

Mandalike  I.,  small,  j 

Rembsng,fl.  at 

Lerang  Pt 

Anwer  Pt 

Panka  Pt,  /,  fl.  at 

Sonrabaya,  citadel    

Paaaaronan,  fl.  at 

Madura,  EW  29 1.,  NW,  or 
Wodong  C 

—  East  pt 

—  Soumenap 

Gallon  I.,  [3m.],  mid. 

Panjang  I.,  [Im.] 

Hog  I.,  or  Sapoudi,  ^9m., 

Ept 

Po.  kamoudi.  Est  of  this 
grp.,  small 

Beanki,  fl.  st 

Pt.  Tchina 

C.  Sedano,  (4480f.)  pt 

Mt  Kendang,  14,750f. 

Fort  Banjoewangie   

Tanj.  Slokko,  E  pt  of  Java... 


1 


»*55' 
18 

38 
30 

50 
15 
35 
38 
47 
4 

337 

45 
21 

37 


54 
48-5 

1*7 
H*5 
57 

47*7 
7*6 

57 
40 

59 

5* 
12 

12 

45 

54 
>4 
34 

22*5 

57"3 

3« 

20 

4» 

35 

43 

53-5 

'3*5 

37 

54 

59 
»'5 

o 

58 


6 
6 
6 

7 
7 

6 

6 

7 

7 
6 


7 

10 

7 

'  1 

744 

7  37 

7  49 

8  3 

8  12-8 

8 

4»*S 

20*»13' 

20  28 
20  26 
20  17 

20  21 
20  31 
20  27 
20  29 
20  31 
20  17 

20  12 
20  12 

'9  54 
19  26 

05  55 

06  16 

06  8*7 
c6  o'7 
06  16 

06  28 
06  48 

07   1*2 

06  42 

07  23' 

07  24 

07  45 

08  19 

08  34 
08  25 

09  '2 

C9  46 
o  I 
o  24 

o  36 


50 

'9 
29 

56 

34 

44 

55 


2  SI 

4  9 

3  50 

4  13 

4  *7 

4  25 
4  50 


3 
4 

4 
4 

4 


40 

4 

»7 

14 
22*5 

36 


544 


TABLE  10 


MARITIME  POSITIONS 


(85) 


Places 


I 


Soath  pt.  of  Jay« 

Nusa  BaroQ  I.,  £W  9m.,  i 

-UtSpt J 

Semira,  Mt,  12,I40f. 

Ardjuno,  Mt.,  10,320f.    

Sempo  T.,  £W  5m.,  S  pt.    .. 

Segoro  We4ji  B.,  W  ;t,  7    .. 

Skclrk 

Patchitan  B.,  W  pt.,  entr.    .. 

Nasa  Cambangan,  %  14m., 
£  pt ,  at  entr.  of  hilet  of 
Tchilachap 

C.  Suntjang  

C.  Anjol,  or  Wiae-cooper's  ) 

Pt „. } 

Sand  Bay.  ^  12 

Po.  Tindjil,  or  Trouwers  I.,  [ 

#4m.,  Spt J 

Klapp,  or  Cocoa-nut  I.,  fiW  i 

3m.,  rks.  W  pt    ) 

Pt.  Sangian  Sira,  (S£.d.  of 
Palembang  Pt.,  rks.,  S£). 

T 

Woerden  Castle,  rk., or  Pa- ) 

manoakan,  (shl.  i-j^Sm.)  j 
Palo    Racket,    Boompjea,   ) 

[IJm.]      \ 

Hastings  n.,  s 


« 

I 
I 


Carimon  ( Crimon)  Java  Is.,  \ 
EW13L,w,b,Wextr..{ 
or  Katang  rk I 

—  N  cxtr.,  Po.,  Parang,  ^  ) 

4m.,  N  pt j 

—  Crimon  I.,  %  5m.,  SW  ! 

pt.,  il.  st J 

Bawean  I.,  ^  12m.,  2000f.,  i 

w,r,Npt J 

Arrogant  5m  [i™.],  7 

Rosalie  rk 

6rt  Solombo,  ^  6m.,  %  [ 

flathiU  ] 

Little  Solombo,  [3m.],  /,  j... 
Arentes,  [3m.]  N  end  ........ 

Karang  Takat,  grp.  Is.  and ) 
rks..  ^V  *  1m  W  pt ( 

Kangcang,-fit9  1.,NWpt... 

Pandiang,  £W  3  L,  £  pt ) 
(rks.  off)    } 

Urck.  [2m.], /,t,  Id 


Belliqaenx  Rf.  4} 

Turkey,  or  Kalkonn  Is.,  and  ) 

sbls.,  N  danger  about  ...  | 

Hastings  I.,  /    


Paternoster  Is.,  NW  Pat. ) 

(rks.  2  1.)  \ 

N.  £.  Paternoster 

Maria  Reigersbergen  Bks.  .. 

Bally,  ^  23  1.,  A.  pk.  on ) 

£  part,  10,080f j 

Badong  B.  ^,  Kotta  town   ... 
C.  Tafel,  Spt 


Lat  S 


8%8's 
8  31 
8     8 

7  46 

8  30 
8  19 
8  H 
8  16 

7  45 

7  43 
7  *5 
7  " 

7    o 


6  51 

6    o 

5  54 

6  7 

5  50 

5  41 

5  54 

5  44 

5  " 
5  56 

5  33 

5  a? 

5  o 

7  o 

6  50 

7  9 

7    3 
6  30 

6    20 

6  54 

7  17 

6  33 

7  53 

8    21 

8  42-3 
8  51 


Lon.  £ 


13 18 

i»  55 

i»  34 

12  42 
II 43 
II 42 

"  5 
09  4 

07  48 
06  26 

c6  26 

05  46 

05  30 
05  13-5 

07  53 

08  19*5 
2  30 

o    3 

O    II 

o  29 

2   41  5 
2    58 

4  15 

4  17 
4  28 
4  35 

4  57 

5  13 
5  58 

5  " 

6  10 

5  3' 

6  II 

7  6 

8  16 
7     6 

5  17 

5  19 
5     6 


(86) 


Places 


I 


;5 


^ 


Lombock,  J^  23 1.,  Twins  at ) 
N£pt, /,  *](  £  one  ...  f 

—  Peak  on  N£  part,  ll,280f. 

—  Bally  Till.,  w    

Snmbawa,  EW  51  1.,  SW ) 

pt ( 

—  Sumbawa,  town   

Flat  I.,  [11.],  £end  

Pulo  Ma?o,  ^  4  L,  A,  N  pt. 

Setonda  I 

MtTumbora.  9040f.,  volcano 

DoroNaciPt 

Bima  Bay  S9,  town  

Sangeang  I.,  2040f..  pk 

£a8t  or  Dyati  Pt 

Banta  I.,  [2. 1.],  j,  pk 

lengani  I.,  £.  pt 

Komodo,  or  Mangard,  NS,  I 

71.,A.i,  pk i 

PostUion  1)1.,  %  12  1.,  /,  t.  i 
y,  N  island    f 

—  E  extr 

Satonbielo  I.,  small 

Brill  shl.   [4m.],  j,  ^,  S  ( 

pt ) 

Mamalak  I.,  small,  rfs.  ||  £ 

Roessal.,  ^21.,  Spt 

Vesuvius  rk 

Djampea  I.,  ^  51.  (Kam- 

barraghie  B.  S£  side,  ^, 

w')Spt 

Kalao   I..  £W  6  1..  rks., ) 

W-d.  2  L,  P,,  W.  pt    ... ) 
Bonerato  I.,  J^  4m.,  ([]  W, 

>o)Ept 

Marianne  shoal  (1820),}  _ 

[21] ..{O 

Madoe  I.,  ^  2  1.,  W  pt) 

rf»-,  T / 

Kabia  or  Perch  I 

Post-horse  Id.  (Kobona)     ... 

Bangiaorerf.(1802),[3m]  o 

Angelica  rf.,  [4m.]  

Rusa  Raji,  f,  ||  S.  3000f.    ... 

Rusa  Ldnguete,  I200f.,  (rf. ) 

2m.)    f 

Hegadis  S  end  

Token  Bessys,  S  lim.,  Bi-  \ 

nonko,  £  pt ) 

Kaka  Rf.    

—  N  limit,  Wangy  Wangy, 
vis.  7  1.,  sum 

St  Matthew's  Is.,  ^51., 
lloSEpt  

Velthoens,  [5m.],/,  ^,Nend  O. 

Koka  shl.?  or  New  rk.... 

Goonung  Api,  vole,  vis.  15  1. 

Luceparas,or  Lucapin,5Is.,  | 
[4  1.],/,^NId f 

Turtle  Is.,  3.  [4  or  51..>1,  {  _ 

f,»,Nid :.(0 

Flores,  £W  67  1.,  SW  extr.  O 
Tower  I.  £W  1  1.,  1200f.  ... 
Api  Hd.  (£nde  B  ^)  SW  pt 


I 


I 


LatS 


Lon.  B 


8«i6' 

8  23 

8  425 

9  a 
8  30 
8     7 


8 

8 


7 
5 


8  11 
8  13 
8  26 
8  10 

8  33 
8  22 

«  45 
8  31 

6  32 

45 
20 

8 

41 

4* 

8 


»5 

18 

33 

»9 

56 

*S 

43 

48 
8  19 

8     5 

6  9 
6  17 
6  22 

5  «5 


5 
6 

6 


«7 

58 
40 

43 

28 


5  20 

8  48 

8  5'. 
8  56 


16  29 
16  36 

16  45 

17  20 
17  21 

»7  34 

17  42 

'7  55 

18  30 

18  43 

19  I 
19     8 

19  16 

18  51 

19  25 
18  42 

18  47 
[18  13 

18  51 

t20    14 
120   25 

[20  23 

120  40 


120  47 

121  5 
[21    10 

121  39 

122  15 

122      t 

121  55 
[22  20 
[21   40 

122  8 

[22  40 
[24     o 

iH  » 
1*3  35 

124  21 

1*4  45 
[24  40 

[26  42 

[27  V 

1*7  47 

>9  54 

120  II 

121  40 
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545 


(87) 


Plaoes 


i. 
o 


Lobetobie,  Tolcano,  7200f.  ... 
Flores  Head,  or  Iron  Cape, ) 

A,  1,  N  pt,.  Id ) 

Kambing,  S  entr.  Flores  strt. 

Adenarm,  ^  12  I.,  town  

Solor.  ^  9  1.,  S  pt,  isleU  off 
iPo.  Cumba.  [2m .J,  A,  j  ... 
Lomblem,  ^  12  1.,  E  pt, 

'»  rf,  T  

—  Mt  Lamararap    

Pantar.  ^  Babi  I.,  off  SW  pt. 

—  North  East  pt 

Ombay,  EW  17  1.,  SW  pt  ... 

—  East  point,  J    O 

Timor,  ^  85  L,  SW  or  Oy-  \ 

sina  pt  / 

Coopangy  fort  Concordia 

Wedge  Pt.._ 

Satranha,  ^  18  

Gala  I.,  small   

Lifoa,  r,  w 

Gedeht  *,  w,  b 

Dilbiytown,  r,  fl.  st 

E  pt,  ^10,  Po.  Jackee,  or  ) 

Nasa  Benie,  off"    j 

Kalaeko,  town  

Nominie,  town,  ^ 

Semao,  ^  5  1.,  S  pt 


w 

a, 
5Q 


I 

S 


Etotti,^  14l..Tis.l2].,Bok- ) 
kai  li.  on  SE  side,  w,  r  j 

—  Palo  Dana,  off  S  pt 

Pulo  Donw^  4m.  /,  f,  N  end 

SaTu,  EW  7  1.,  W  pt,  / 

^  East  pt.,  /.,  (rks.  off^ 

Banjoan,  EW  7m.,  SW  pt,  / 
Dwia,  or  New   L,   [ll.],) 

Spart    

Sandalwood  I.,  ^24  L,W, 
or  Bluff  Pt.,(rk8.)  ... 
-NWpt    

—  Paddeway  B.,  ffl,  [5m.], ) 

—  East  point  C.  Mandyeli... 

—  C.  Blackwood 

Csmbing.  or  Passage  I.,  -Jf^  { 

4L,A,Spk ] 

Babi  I.,  sum O 

Wetta,  J^  19  I.,  Honden  I., ) 
off  NWpt ( 

—  San  town,  on  SE  side,  ^... 
Kissal.,[31.],  Pnra  land) 

ing-plaoe    ] 

Roma,  [31.].  A,  S  pt 

LetU  I.,  [3  1.],  A,  t.  Church 
Moa,  ^61.,$  E,  Buffalo  ) 

pk.,4l00f. ] 

Ukor,  [3  1.1, /,  E  end    

Louan,  [1 1.],  A.  P'  o 

Sermattan,  [5  L],  E  pt  ...  O 
Dammcr  Is.,  S  one  o 

—  Large  one,  NS  5 1.,  Koole- ) 
watte  bar.  on  E  side,  entr.  \ 

Taouw,  [31.],  lJoNEll...O 
Nils,  [3  l.],vis.  61.  8um....O 
Serooa,  2  Is.,  L3  1.] 


Lat  S 


8^35' 
8    4 

8  39 
8  15 
8  36 

7  47 

8  14 

8  33 

8  25 

8  xo 

8  15 
8   18 

10  20 


lO 

9 
9 
9 
9 


9*9 

33 
20 

10 


8  57 

8  35 

815 

9  6 

xo    1 

10  19 

10  49 

10  58 
10  48 
xo  34 
10  17 
10  37 

xo  49 

9  4» 
9  16 

9  37 

10  6 
xo  X9-5 

8  x8 

8    6 

7  4> 

7  5^ 

8  67 

7  44 

8    10*2 
8    X2 

8  14 
8  12 
8  15 

7  ic 

7     4 

6  52 
6  43 
6  20 


Lon.  E 


2a**48' 
22  5a 

22  5x 

23  7 

22  52 

^3  34 

*3  54 

23  13 

*3  5* 

24  14 
24  17 

»5  »5 

23  25 

»3  35 

23  40 

»4     5 

24  o 

24  25 

*4  55 

25  36*2 

27  18 

26  8 
24  38 

23  21 
23   15 

22  55 

22  41 

2X  41 
22  O 
21    31 

21    16 


19     O 

19  17 

20  18 

20    51 
20   29*7 

»5  35 

15  47 
26    o 

26  23 

27  85 

27  25 

27  40*5 

28  2 

28  13 

28  39 

29  I 
28  18 

28  30 

29  10 

29  29 

30  o 


(88) 


Places 


S 

I 

CO 


I 


s 

I 


Bird  I.,  or  Po.  Manon,  A 

WeUng,  *E 

Baba,  A.  w,  P„  *  E.,  S  pt  ... 

Maselia 

Tenimber  Is.,  Ij^;   large) 
one,  or  Timor  Liaut,  ^  >  e 
34  1.,  S  and  Wend  ...) 

West  lim..  Woody  I.,  small 

—  Oleliet  vill.,   413f.,  w, ) 

P,.Spt } 

L«»«t,  %61.,  II  N,  Ept  ... 
Vordate,  Jt  2  1.,  %  NE  pt  o 

Serral.,  Wlim 

N  extr.,  Mulu  I 

Arru  Is.,  NS  35  1.,  /,  t,  r, ) 
P„  Sextr f 

—  West  limit    

—  Po.  Babi,  small   

—  NW  extr.,  Wassia  

—  'N  extr o 

—  Dobboharb.,S,  Pt   

Tirandie  Is.,  N  lim o 

Grt.  Ki  L,  Ji.  15  1.,  t,  1 

3e00f.,  Npt } 

—  Eastpt 

—  South  and  West  pt 

Uttle  Ki  I., /,  N  pt 

—  Ki  Doulan,  vill.,  f,  w,  r,  \ 

b,(*'3m.  N)    ) 

Nusa  Tello  Is.,  (imperfectly 
known) 

—  S  limit?    

—  West  limit? 

Little  Fortune  I o 

Toppers  Hoodjie  I O 

Tehor,  orTaw  

Bare  I 

Matabella  Is.,  2  groups,  ||,  ( 

grt } 

ManoTolko  I.,  A,  pk 

Salawattie  I.,  S  end o 

Goram  I.,  [3  1.],  NE  pt 

Banda  li.,  5,  W.,  or  Po.  "I 
Run   J 

—  NW  one,  or  Swanji 

—  Goonung  Api,  [2m.],  S,  \ 

Yolc.  2000f. f 

—  Banda,  -Jf-  6m.,  fort  Belgica 

—  East  one,  Rosingyn O 

Bouro  I.,^  27  1.,  NW  pt,  j 

—  Mt  Tumahu,  8530r.  

Cajcli    B.,   f  y,  b,    fort! 

Defence .' j 

East  point,  or  Pt.  Pela 

South  Pt.,  or  Batou  Pekka..4 
AmblhW  I.,  [2  1.],  NE  pt  ... 
Manipa  I.,  A,  (rk.  l^m.  W),  ) 

E  pt J 

Kelang,  A,  ||  W,  W  pt 

Bonoa,  A,  1.  SW  pt 

Ceram,  ^  59  1.,  Pt.  Seeal  ... 

—  Sawaai  Harb 

Wahaay   Harb.,  vill.,   w", » 

r,  b,  fort    ) 


Lat  S 


5  »9 

7  50 

8  2 

8     8 
8  20 


8 

7 

7 
6 

7 
6 


5 
5 


5 
5 

5 
5 

4 
4 


4 
4 

3 

3 

3 

3 

3 
3 


3 

3 
3 

3 


17 

55 

xo 

50 
28 

36 
10 


50 
57 
5  28 

5  H 

457 
20 


5  >5 
5  20 
5  58 
5  3' 

5  3a 


Lon.  E 


32 

40 

3 
6 

50 
34 


4  30 

4  >« 
4    4 

3  56 

4  35 
4  26 

4  3» 


3> 
34 

7 
14 

22-8 

24 

54 
5» 


3  >9 


12 

3 

33 
o 


»  45*5 


30''  o' 
29  29 

»9  43 

29  44 

30  43 

30  40 

31  235 

32  o 
3«  58 
30  43 
3«  39 

34  »5 

34  7 
34  la 
34  13 
34  3.8 
34  "6 

32  37 

33  8 

33  " 
32  51 

32  50 

3*  45 


31  58 

3>  55 

32  6 

32   10 

3"  45 
31   50 

3»  44 


3> 

3* 
31  29 


30 
18 


29  38 
29  40 

»9  53 

19  54 
29  58 

26    5 

26  o 

27  6-5 

27  16 

26  37 

27  X7 

27  40 

27  40 
27  5X 

a7  55 
29  12 

X29  30 


N  N 


646 
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(89) 


Places 


I 


Lat.       Lon.  E 


I 


r 


I 


Flat  Pt 

Lama  Pt 

Leuwarden  b1iI.»  [2in.],  j,  xj^ 
Waroo  B.,  4?',  w,  r   

Po.  Parang,  or  Leuwarden  I. ) 

Spt } 

Po.  Maderong,  small 

Great  Keffing  L,  E  pt o 

Ceram  Lent,  (W.I.  of  grp.)  O 

—  East  extr.  of  grp O 

Amboina  I.,  ^^  111.,  SW,) 

or  Alang  Pt.,  j j 

Amboina  City,  fort  Victoria  •• 

Noessaniva  Pt.,  j 

Haniku  I.,  ^  8m.,*SW  pt. ) 

Islet   j 

Saparooa  I.,  ^  11m.,  N  pt.... 
Noesa  Lant,  \f  7m.,  E  pt.... 

Bohoy  I.,  [61.]  E  pt O 

Hammond's  I.,  [31.],  S  pt.... 

Xulla  Talyabo,  EW  18  1.,  \ 
SWpt.,  Haycock  I } 

Xulla  Mangola,  16 1.,  EW  ) 
tU  W,  E  pt / 

Vesuvius  B.,  t 

Lissa  Matula,  EW  3 1.,  SE  \ 

pt.  I 

Xulla  Bessey,  NS  10 1.,  S  ) 
and  Ept.,  vis.  121 j 

Oby  LatU,  [2  L],  S  pt 

Gomona,  850f.,  W  pt 

Po.  Gasses,  [5m.],  -p,  rks. ) 

SE,  Spt J 

Typal.,  NWpt 

Maya,  mid 

Oby  Major,  ^  19 1.,  E  pt. ... 
Lookisong  I.,  -jf-  3 1.,  f,  S  pt 

Kekikl.,  A    

Lawn  I.,  k 

Po.  Pisang,  yis.  11 1 

Grosvenor  Shi.,  [4m.],  if.  ... 

Boo  Is.,  f,  P,  Eend o 

Po.  Popa,  EW  51.,  P,  SE| 

pt ) 

Grand  Kanary,  w,   E  pt., ) 

NWpt ( 

Mysole,  EW  14 1.,  W  pt 

Black  rks.,  E  end 

Gilolo,  %  67 1.,  SE,  or  Co- ) 

ooanut  Pt j 

Weda  Is.,  [3 1,],  E  lim.    ...  o 
Po.  Sinam 


Joyi,  [5m.],  S  pt 

Geby.  %  7 1.,  Fohov  I.,  on  i 
SWside,  S,  w,r j 

—  North-Wcst  pt 

Shampee  Is.,  3  or  4,  NS  3 1. 

Canton  Packet  shl. ,  7  f.    

Catherine  Is.,  3,  / 

Ardassier  Islet , 

Aurora  bk.,  if. , 

Weda,*    


South 

*  57 

2    56 

3  as 

3  II 

3  35 

3  50 

3  48 

3  5» 

3  47 


3 
3 


3 
3 

2 
I 


412 
46 


3  38 


30 

4» 
o 

5a 


I  57 

»  47 

1  5« 

1  51 

2  27 

26 
46 

37 

12 
16 

3* 

4* 
30 

29 

22 

"7 

12 

'5 

48 

57 
8 

o  51 

o  40 
o  iS 

o    5 

o    6 
North 

o    2 
30 

35 

39 

o  45 

o  40 
o  18 


o 
o 
o 


129*^42' 
130  32 
130  43 
130  45 

130  48 

131  3 

130  40 

I3i     o 

131  16 


127  57 

128 
128 


IO'2 

6 


128  24 

128  34 
128  49 

123  53 

124  3 

124  20 

126  20 

125  30 

126  30 

126  I 

127  17 

127  27 

128  15 

127  17 
127  37 


128 

0 

128 

2 

128 

35 

1x8 

44 

128 

48 

129 

17 

129 

20 

129  45 

129  34 

129  41 
128  28 

128  22 

128  27 

128  3 

129  40 
129  32 

129  19 
128  43 

128  55 

129  5 
129  o 
129  26 
127  47 


(90) 


Places 


5 


3 

I 

S 


3 


•^ 


Dilegisa  Pt 

Po.  Moar,  t,/,  |1„    

C.  Tabo,  or  Jabo,  i^  1    

Po.  England,  N  pt 

Wossa,  Tillage,  w,  r,  b 

Pt.  Monat 

Pt.  Waigamele,  (rks.  IL) 

Pt.  Salaway,  (rks.  11.) 

Pt.  Talebo 

Watering-place,  W  of  Galeta  1 

^Pt ) 

North  Cape' o 

Riow,  [21.]  mid 

Morty,  -Jf^  21 1.,  N  pt.,  (rf.)  \ 

T- ••••••• i 

—  South- East  pt,  (rf.  off)  ... 

Talenading  Is.,  N  one 

Dyilolo,  town    

Temate,  ^  6m.,  sum.  5480f. 

—  Fort  Orange,  on  E  side  ... 
Tidore,  [21.1,  sum.  5700f.  ... 

PoUbakker  I.,  [2m.J   

Motir,  [31.].  sum 

WolfS 

Matchian,  [5  m.],  sum 


Latta  Is.,  Grt.,  [5m  ],  sum  .. 
Grt.  Tawally,  J*  7  1.,  SW  ) 

ptid ( 

Batchian,^  17 1.,  A,  Selang  i 

I.,  (raid,  of  S  coast) f 

—  Fort  Bamereidt  , 


Tyfore,  summit 

Meyo,  N  pt 

B^aren^sum 

Tagolanda,  S  pt 

Passig  1.9  W  of  the  grp 

Siao,  pk.  vis.  201.,  SE  pt.  ... 

Makalara  I 

Rabbit  Is o 

Karakita,  or   Passage   Is.,  ) 

[|  N,  Nextr j 

Sanguir,  %  8  1.,  $  W  side,  \ 

w,r / 

—  North  pt 

Louisa  shl 

Haycock    

Saddle  I 

Kalingal  I .• 

Ariaga  I 

Glattons  rk 

Iphigenia  rks 

Salibabos  Is.,  NS  15 1.,  Tu- 

lourI.,;NS101.,rfs.N., 
Npt 

—  LerOn  Harb.,  SE.  f,  w, 

r.  F   

—  Salibabo  I.,  %  4  1.,  S  pt 

—  Kabruang,  ^  3  1.,  S  pt  .. 
Northumberland  shL,  [2m.],  I 

II  N,  Islet   i 

Meangis  Is.,  (imperf.  known) 
Haycock    o 


Lat 


North 
o'ls' 
o    9 
10 

4* 

37 

2 

5 

27 

4 
48 


o 
o 
o 
I 
I 
I 
I 


Lon.  E 


2  20 
2  32 

2  44 


2 
2 
I 
o 
o 
o 
o 
o 
o 
o 


.4 

»9 
7 
48 
48*0 
40 

33 

*5 
12 

18 

South 
o  14 

o  30 

o  54 

0  37 
North 

1  o 


I28'»2  5' 

128  52 
128  51 
128  31 
128  22 
128  25 

¥28  40 
128  37 
127  17 

"7  5S 

128  15 

128  20 

128  25 

128  42 

"7  35-5 
"7  35 
127   18 

127  19-5 
127  25 
127  29 
127  29 

126  49 

127  24 

"7    5 

127    2 

127  40 
127  26 


1: 


126    8 

1  2ri'i26  21-7 

a    7    "5  »5 

2  20    125  30 

2  22     12$  24 
2  44    125  27 

2  43     125  15 

3  4    »a5  50 


3  H 

3  28 

46 

o 

18 

43 
o 

50 

SO 
10 


3 

4 
4 
4 
5 

4 
4 
4 


4  28 


3  5» 

3  47 

3  35 

5    o 
536 


i»5  44 

"5  44 

1*5  44 

1*5  35 
125  23 

125  25 

125  46 

126  25 
126  4 
126  23 

126  55 


126  55 

126  52 

127  0 

127    2 

126  4a 
126  40 


». 
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MARITIME  POSITIONS 


(91) 


Places 


Lat. 


• 

i 
I 


Eyel-,  [|m.]  

Syang,  [3m. J,  /,  w,  W  pt 

Wjang,  or  Vayag  Is.,  ^  6 1.,  \ 
N  Wextr.,  Laborde  Islet  / 

—  SB  eztr.,  Labiche  I.|  \ 

[Im.],  (rks.  SE) / 

Eea,  or  Ine,  Is.,  EW  4m., ) 

Ept  .^ ) 

Ormsbee  shl.,  is,  j  N,  N  pt. 

Badd  I.,  /,  J ® 

Aioa  Is.,  aboat  20  small,  /, ) 

),  rfs.  J,  NEst / 

AioaBaba,  [3m.] 

Asia  Is.,  3,  /,  SW  and  smallest 

Po.  Bfanounii,  [2m.],  H  S,  w 

Baodkigli  shl.,  [3m.],  7?,  I.. 

WaigeoQ,  EW221.,  SE) 

pt.,  orPt  Pigott  ...)  * 
-—  NB  pt.,  or  C.  Lamarcbe... 

—  Boni  I.,  [im.],  S  SW-d, ) 

Npt ^. ) 

—  Offak  barb.,S,w,  entr 

—  NW  pt.,  C.  Forrest 

Shocl.,  [IJm.] 

Bnttons,  [Im.] 

Shaggy  rks.,  [Im.]  

Clamp  I.,  [Im.]  

Ronib,  NS  6m.,  mid 

Balabalak,  [2m.],  W  pt 

Pigeon  I.,  it  ^,  W  pt  

Gsgy,  or  Gag,  [7m.],  N  pt... 
Battant^  EW  15  1.,  W  pt.  ) 

C.  Mabo    I 

Salawatty.  10  L,  W  pt 

Amsterdam,   and    Middel-  j 

baigfa,  [Im.],  /,  II  3d  )o< 

b,  SBextr —  J 

Brebes  Pt.,  or  C.  Wilson...  O 

ThRsholdPt O 

C.  Spencer,  or  Foul   Pt 

(rfc.  2m.)  

Saylee,  or  Sabelo  Pt    

W.  Brother,  or  Pinion  I... 

Po.  BooUng,  S  pt.   

Pesanda  Is.,   Po.   Sabnda 

SWpt 

Mac  Clner's  Inlet,  Head,  or ) 

E  nm.  of  the  bay   j 

Freshwater  B 

C.  Sapey,  (sum.  3020f.),  W  ) 

pt 1 

Island,  C.  Kalomun,  A,  (sum. ) 

E2m..  3940f.)  J 

Po.  Adi,  or  Wessds,  %  8  1,  [ 

Wpt. I 

Birdl.,[im]    

Wsmonkon  R.,  mouth O 

Lamanchiri  bill,  NW  sum.  ) 

3225f,    ) 

Triton  B..  Fort  Dubus 

UkahU  Mt.,  4564f. 

A  high  sum.  about  90C0f.  ...< 
C.  Buro,  vis.  10  1 


North 

0*»12' 

o  ao 


O    II 


o    5 


o  41 

o  ay 

o  42 

u  ai 

o  57 

o    % 
South 
o  14 

O   21 

o    8 


1*7 
v% 

5 

a 
I 
I 

5 

2 

2 


o 
o 

o 
o 
o 
o 
o 
o 

o  39*7, 

o  20    I 


Lon.  E 


(92) 


Places 


0 

56 

0 

59 

0 

20'2 

0 
0 

35 

50 

0 

53 

1 

27 

1 

2 

45 

2 

2 

35 

2 

26 

2 

50 

3 

37 

3 

59 

4 

9 

4  «9 
4  40 

3 

46 

3  47 

4  13 
4  9 
4  30 

129° 

51' 

129  49  1 

129 

57 

130 

10 

130 

14 

130 

0 

130  40  1 

"3' 

5 

131 

0 

'31 

0 

130  52  1 

«3i 

ao 

>3> 

»*o 

'31 

16 

>3» 

3 

130  43  1 

130 

" 

130  23  1 

130 

»9 

130 

13 

130 

% 

130 

5 

130 

I 

130 

34*? 

129 

53 

130  25  1 

130 

35 

13* 

90 

132 

0 

i3« 

*5 

»3i 

12 

130 

46 

!3« 

0 

'31 

5a 

»3i 

t8 

'33  40  1 

132 

0 

132 

37 

»3a 

44 

»33 

'4 

»33 

28 

136 

10 

'34 

3 

»34 

4 

134 

5* 

'55 

33 

«35 

9 

1 

a 

eg 

e 

s 
I 


s 


< 

flO 

< 


C.  Steenboom 

Kampong  Outa 

Dourga  Strait,  E  pt 

C.  Valsche,  (Wpt.  of  Frede-  > 
rick  Henry  I.,  ^  3G 1.)..  ] 

!  St.  Bartholomew  1 

\  Deliverance  I.,  small,  rfs....  O 
'C.  Deliverance 

Mt.  Comwallis,  vis.  91.    ..O 

Brothers,  2  hills,  k 

Warrior  L,  [14m.]»  at  S  pt ) 
ofWarr.  rf. ] 

Bristow  I.,  [5m.],  /,  %  SE  pt. 

Bisk  Pt.,   t  I30f.,  W  pt  \ 
entr.  of  riv.,  P^ ] 

Aird  Hill,  I260f.  

Blackwood  Pt,  /,  J 

Woody  HiU 

C.  Cupola 

Mt.  Victoria,  101.  inland 

C.  Possession     

Port  Moresby,  Jane  I 

C.  Hood    

S  and  £  pt,  C.  Rodney,  pt... 

NW  Cape,  /,  sandy,  N  pt.  .. 

Pt  Cloates 

C.  Farquhar,  sand.  I 

C.  Cuvier,  rky.,  1 

Sharks'  B.,  C.  Lesueur  

Bemier  I.,  -gP-  4 1.,  Koks  Id.  | 
off  Npt j 

Dorrel.,-;^  6  L,  1,t,  (Dam- 
pier's  It.  S  4m.),  S  pt.  or 
C.  St  Cricq  

Dirk  Hartogs  I.,  ^  13  1., 
I,  N  pt,  or  C.  Inscription , 
(NaturaUste  Chan.  N  of  Do.) 

Steep  Pt.,  W  extr.  of  Aus- 
tralia 

Gantheaume,  Red  Pt .... 


Lat  S 


4%3' 

4  3» 

7  22 

8  22 

8  10 

9  33 
20 

27 
45 

48 


Lon.E 


9 
9 
9 


9    9 


7 
7 
7 
7 
8 
8 

9 
10 

10 

21 
22 
23 

a4 


49 

28 

5* 
52 
59 
9 
36 

^5 
8 

'5 

48 

33 

35 
o 


'44 

'44 

'45 

'45 
146 

146 
147 


)■ 


Houtman  rks.,  %  16  L,  ^, 
wWq,  b,  r,  North  I., 

[U>»-]  

—  Wallabi  grp..  Evening  if., 

(Middle  Channel  S  of 
do.),  S  pt 

—  North-East  rf.,  [Jm.].... 

—  Easter  grp.,  [3 1.],  (Zee- 

wyk  Chan.  S  of  do.), 
Rati.,  Npt 

—  Snapper  bk.,  [2m.],  e. ... 

—  Pelsart  grp.,  EW  41.,) 

SW  part.  Meek  Pt ] 

Mt  Fairfax,  582f. 

Wizard  Pk.,  640f. 

Champion  B-,  Moore  Pt 

Mt  Peron,  (31.  inland) 

Mt.  Lesueur,  (do.) 

C.  Leschenhault  

Rottenest  I.,  ^  S^m.,  It  \ 

Rl-197f. j 

Swan  R.,  Freemantle,  )  _ 
Scott's  Jetty /  * 

—  Perth,  Gov.  House 

Garden  I.,  %  5im.,  NW  pt 


*5  44 

24  43 

25  18 


»5  3' 

26  5 

27  46 

28  18 


136-23' 

136  13 

'38  55 

137  40 

»39  «5 

141  47 

'4*  44 

142  35 

142  40 

142  58 

H3  14 

144  16 


22 
30 
27 

5» 

50 

»3 
8 


147  43 

148  23 

114  3 

"3  35 
113  36 

113  22 

113  26 

113  7 


113  I 
112  54 

112  57 

114  7 

113  36 


28  33  113  41 


28  25 

28  42*5 

28  42 
28  59 

»8  45'4 
28  29*7 
28  47' I 

30  7 

30  n 

31  18 

32  o'3 

3»  3*3 

31  57'4 

32  8-9 


113  50 

"3  47*5 

114  I 

113  58 

"4  417 

1 14  47-0 

114  36*2 

115  9 
115  10 
115  30 

115  31-? 

"5  45*5 

115  527 
115  40-5 
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MARITIME  POSITIONS 


(93) 


Places 


1 


1 


] 


) 


LatS      LoD.E 


Coventry  rk 

Ped  

C.  Boavard 

Pt.  Casuarina,  w 

Australind 

Naturaliste,  ?.,  [|in.],  6f. ... 
C.  Naturaliste 

OeographeS  

C.  Leeawin,  (rks.  21.  out)  ... 

Low  Black  Pt 

Pt.  D'Entrecasteauz,  1,  via. 
10L,(Id.,/,rk.,^3m.S) 

White  topped  rks 

C.  Chatham,  vis.  lOL,  (Islets  8) 

Pt.  Nuyts,  vis.  81 

W  Cape  Howe,  1 

Eclipse  Is.,  [IL] 

Mande  rf.,  ^^ 

BaldHd.,  tU.  121.,  Spt 

King  George's  Sound,  w,  b, 
Princess  Harb.,  S,  New 
(3oTt.  buildings 

Mt  Grardner,  sum. .... 

Bald  I.,  ^  3m.,  (rk.  S  Im.) 
sum 

Sealer's  ledge 

Haul  off  rk 

C.  Knob,  sum , 

Ft.  Hood,  (DonbtM  Is., 

3m.  E>d.) 

East  Mt  Barren,  vis.  14  L  ... 
Seals'  Is.,  (rks.  N),  /  , 

Rocky  islets 

Esperance  B.,  W  pt.,  Ob- 

serr.  I.,  small 

C.  Le  Gland,  (islets  off) 

Lucky  B 

West  grp.,  SWst  I.,  [2m.], 

SWpt 

SW,  or  outer  danger  . 
Mondrain  I.,  NS  3|m.|  vis.  \ 

101.,  /3,  Ssum j 

S  extr.  of  Archip.,  Termina-  \ 

tion  I.,  [Im.],  Tis.  9  L, } 

(rks.  NE) ) 

Twin  rks.,  [rfs.  2m.,  t]  

Draper's  I.,  [itn.] 

•«  (Twin  pks.,  vis.  91.,  (pks.  \ 

-I     Ji2m.) 1 

^  'A  break  at  times,  SW  one .... 

Douglas  Is.,  [Im] 

Middle  I.,  J^  4m.,  b,  w^, 

SWsum. 

C.Arid.  rky.,  SE  pt 

C.  Pasley.  sum.  l^m.  inland .. 
•  Pt  Malcolm,  /,  sandy,  (j£, 
-^  3m.),  rk 

SE  Isles,  XJl].,  mid. 

Pollock    tf.,     [Im.], 

Round  I.,  small 

Eastern  grp.,  NS  3 1.,  S  extr. 

Pt.  Culver,  1 

Pt.  Dover  


) 


I 

f 


I 


1 


31**  ai' 
3a  17 

3*  34 
33  >9 
33  >5 
33  »5 

33  3* 

34  ac 
34  ai 
34  as 

34  5* 

35  4 
35  a 
35  5 
35  9 
35  »a 
35  «3 
35    7 

35    »•* 

35    o 

34  55 

35  10 

34  43 
34  3» 

34  a4 

33  57 

34  6 
34    5 

33  5« 

34  1 

34    o 

34  3 
34  ai 
34  10 

34  30 


) 


•:) 


34  a4 
34  »3 

34 

I 

34 
34 

18 
10 

34 

8 

34 
33 

I 

56 

33 

4« 

34 

ao 

34  34 

34  5 
33  5* 
31  56 
3a  34 


115O30' 
115  44 
115  40 
115  40 

"5  45 

"4  55 
114  58 

114  54 

115  6 

115  a9 

116  I 

116  13 
116  18 

116  38 

117  40 

117  5 

117  5 

118  I 

"7  54 

118  8 
118  17 

118  17 

118  40 

119  14 

119  34 

119  59 

120  18 

120  S3 

121  46 

121  4 

122  14 

121  34 

121  41 

122  14 

121  s8 

122  12 
122  30 

122  47 

122  53 

123  6 

123  8 

123  13 
123  28 

123  42 

123  28 
123  30 

123  50 

124  4 

124  39 

125  30 


(M) 


Haoes 


1 

a 

g 

< 


Low  Sandy  Pt 

Hd.  of  Grt  Australian  bight.. 
Nayts  rb.,  outer  detach^, ) 

[H.],||l| ) 

Pt.  Fowler,  /,  cliffy,  (rf.  Im.) 

Casnarina  rl 

Pt.  BcU,  / ^ 

Purdies  Is.,  #  5m.,  w^,  r^,  \ 

Sextr ) 

Is.  of  St  Peter,  SW  pt  

Is.  of  St  Frauds,  NS  21.,) 

Wo,  To,  Nextr J 

Franklin's  Is.,  J^  5m.,  SW  pt 

Pt  Brown 

OUvel.,  [lJm.],rfs.N 

C,  Bauer,  1,  W  pt 

Pt  Westall,  1 

C.  Radstock.  1 

Pt  Weyland,  1 

Waldgrave  Is.,  Wst  extr.  . .. 

Flinders  I.,  J^  7m.,  w^ 

Ward's  Is 

Pearson's  Is.,NS  2 1.,  2  pks.,  \ 
vis.  10  L,  at  N  pt j 

Pt  Drummond,  1 

Mt  Greenly,  f 

Coffin's  B.,  Pt  Sir  Isaac 

Pt.  Whidbey 

Greenly  Is.,  [1 1.1,  pk.  680f. 

Whidbey  Is. ,  [2 1.  ] ,  W  grp. ,  I 

4  hummocks,  S  extr.  • ...  j 

Beagle  Isl.  small,  / 

High  break  at  times 

CWUes,! 

liguanea  I.,  ^  2m  ,  rf  S-d.. 
C.  Catastrophe,  S  pt.  1 . ... 

Waiiam's  I.,  [Im]  

ThisUe  I.,  ^  4 1.,  vis.  12  L, 

Wo,  Spt 

Low  rks.,  !L  S 


LatS 


32*»22' 
31    29 

32    6 

32  I 
32  40 

32  17 

32  22 
32  22 
32  32 

32  32 

3a  37 
3a  45 
3a  44 

32  52 

33  >a 
33  H 
33  35 

33  45 
33  45 

33  57 

34  »o 
34  ao 
34  a6 
34  36 
34  35 

34  47 

34  49 
34  50 

34  57 

35  o 


35 
35 

35 


OS 

3 

6 


Neptune  Is.,  /,  Sextr. 

High  Is.,  vis.  4L 

Gambler's  Is.,  S  pt,  peaked  rks. 
Dangerous  rf.  

C.  Donnington  

Port  Lincoln,  S,  w,  church.., 

Pt  Bolingbroke,  /,  1   

Sir  Jos.  Banks  grp.,  S  extr.,  1 

Stickney  I ) 

>-  NE  extr.,  Reevesby  I.,  |^ 

J2.  5m.,  N  pt J 

Pt  Lowly 

Mt  Brown,  ab.  3000f. 

Pt  Riley,  1  

Pt  Pcarc^ 

Corny  Pt, /J 

C.  Spencer,  Sst  of  3  pts 

Aithorpe   Is.,  small,  A,   S  1 

one j 

Troubridge  It,  81f.  

Milner,  town 

Port  Adelaide,  Snapper  Pt  0 
Adelaide,  tou-n  hall 


35  " 
35  ao; 
35  a2 
35  >a 
34  4« 

34  44 
34  43* 
34  33 

34  4« 


Lon.E 


ise^'ig' 

131  7 

132  6 

132  27 

132  56 

»33    5 

133  II 

"33  a7 
»33  '7 

«33  35 

"33  4« 
»33  53 

133  58 
>33  59 
'34  «5 

134  3» 
134  37 
»34  a4 

134  15 

'34  '3 

«35  '3 

'35  ai 

135  10 

«35  4 
'34  47 
135    o 

'34  49 
135  20 

'35  3« 
'35  35 
'35  565 

'35  5^ 

136 

136 


II 


3 
7 
8 


34  a9  1 

3a 

58 

3a 

30 

33 
34 

54 
28 

34 
35 

54 
18 

35 

22 

35 

8 

34 
34 

39 
468 

H 

50a 

136 

136 

136  30 
136  II 

'35  59*5 

«35  5»-5 
136    4 

ij6  14 

136  18 

'37  49 
138     I 

137  30 

•  37  a» 

137  o 

'36  55 
136  54 

«37  5»  5 

138  32 

,'38  3' 
l'38  3<i 
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MARITIME  POSITIONS 
Let.  S  I  Lon.  E 


(») 


Places 


Gleoelg,  It.  bo«... 
C.  Jerria,  k 


3 


m 
< 


o 


Kangaroo  I.,  £W  S8  I,  Nl 
pt,  Pt  Maraden  *••/ 

—  Mt    Torrena,    mt    NW^ 
put,  via.  40m J 

—  W  extr.,  C.  Bedoat 

— C.WiUoi^by,lt.R  li"a47f. 

Pelonu  tk.,  SOf.   

Port  NoariuDgm,  inner  end  \ 

ofjetty  / 

Port  WiJlunga,  inner  end  S. 

jetty  

Port  Victor,  Harb.  Maater*a 

booae 

Murray  R  ,  mo.,  [Ic],  I . 

C.  Bemonilli,  /,  aandy O 

C.  Lannes.  rky 

W.  Cape  Banks,  sandy 

Mt  Gambler  

C.  Nortbnmberlandy        ) 

pointed  rks.  off j 

C.  Bridgewater,  1,  hill,  via.  | 

12L   ) 

C.  Nelson,  1*  S  pt  

Percy  I.,  [Im.],  1   

C.  Otway,  A,  1,  It.  R.  300f. 
Lonttit    bay,    Mt.    Saint   ) 

George  j 

ApoUo  bay,  A,  white  beacon 
Port  Phillip,  Melbourne,  ) 
new  observatory   ...  ) 

—  Pt.  Lonsdale,  It.  F 

C.  Schank,  It.  F.  Fl 

PhiUip  I.,  iV  10m.,  w„  W  | 

_|    pt,  Pt.  Grant  j 

|€.  Liptrap,  X,  pt 

Glennie  Is.,  NS  3m.,  456f. » 

8pt / 

Cleft  I 

.S  pt  of  Australia,  Wilaon's  i 
I  Promontory,  lit  ho. . ... ) 
:Mt  Wilson,  2350r.  


® 


King  I.,  NS  35m.,  N  pt., ) 
C.Wickham,lt.F280f.  j 
—  S  Pt,  /,  C.  Stokes 


Harbinger  rks.,  2,  -JP-  2m., ) 
8  i?,  outer,  or  SW  ^. ...  / 
New  Year  la.,  w,  NW  rk.  ... 

A  rock  awaah? 

_  Reid  ^.,  [3m.],  N  W  one, ) 

'.    25f.    / 

BellrfM  Im.,  Send 

^  Black  Pyramid,  240t 

§  Hunter  and  Albatnns  Is. 

35 1        See  (97)  3 

;  Cleft  L,  W  of  2  Is.,  [2m0  ... 

^  Bedondo,  rk.,  1,  I130f. 

jMoocoeor  Is.,  small,  E  extr. . 

.Crocodile  5 

|Corti8l.,[2m.].1060f.,(Su-  \ 
'.    gar  loaf.,  S  3m.) j 

Devil  Tower,  ^,  350f. 

Hoganl.,  [14m.],  430f. 

Jadgment  h^ 

Pyramid,  300f. 


34°59'» 
H  59 
35  38 

35  3« 

35  50 

35  57 

35  5i"9 

36  8 

35    9*6 

35  164 

35  341 

35  31 

36  57 

37  37 
37  S3 

37  5* 

38  3 

38  22 

38  26 
38  25 
38  5'-7 

38  33'9 

38  457 

37  49*9 

38  17*7 
38  a9'7 
38  3r6 

38  55 

39  7 
39  »o 
39  8 

39     3*5 

39  35  6 

40  10 

39  34 

39  40 

40  ro 

40  15 

40  24 
40  28 


39  >o 
39  H 
39  14 
39  »»'5 

39  »8-5 

39  »3 
39  "3 
39  30 
39  49 


rp^5 
138  305 

138     9 
'37  44 

136  38 

36  37 

38    95 

37  35 

38  a97 
38  29*2 

38  39a 

38  58 

39  4* 

40  10 

40  24 
40  42 

40  37 
4t  22 

41  3* 

42  o 

43  3' 
43  58-5 

43  407 

44  587 

44  37 

44  53** 

45  7 

45  56 

46  15-5 

46  so 
46  25-*  ^ 
46  24*51  „ 


{96) 


Places 


Kentl8.,3,^6im.,SEone, 
or  Deal  I.,w,,b,SWend, 
k.  R.  l"880t  

Wright  rk.,  small,  200f.  ... 

Bndeavour  H.,  Beagle  H., 
and  Craggy  I.,  ^  8m.,  S 
pt,  or  Craggy  I 

Sisters,  2,  ^  7m.,  NE  one,  i 
sum.  636f. ) 

FUnders'  I.,   %  36m..  W 
pt.  or  C.  Frankland  ...  j 

—  Streleaki  pks.,2,  at  S  part,  \ 

2550f. J 

—  Babel  Is.,  off  E  side,  sum. 
Hummock  I.,  -^  6m.,  Low  \ 

Is.  offS  pt / 

Goose  I.,  rlim.],  lV,  S  pt  1 

It.  FI35f. / 

Barren  I.,  £W  23m.,  Mt.  \ 
Munro,  on  NW  part,! 

2300f.    I 

Preservation  I.,  pk 

lurke  I.,  J^  8m.,  S  pt 

Look-out  rk.,  (SW  of  do.)  ... 
Moriarty  bk.,  SE  pt 


1 

s 


43  57 
43  56 
43  5a 
43  49 

43  4» 

44  'o 

44  S 
44  " 


46  20 

46  »3*5 
46  34 
46  305 

46  39 

46  47 

47  I 
47  10 
47    16 


25 


6 


C.  Grim,  i,  *» 

West  Pt.,  sandy 

Mt  Norfolk o 

Mt.  Heemskerk,  vis.  101.    ... 
Macquarrie  Harb.,  QQ,  bar ) 

if.f  T,  w,  r,  entr.  I j 

C.  Sorell,  /,  rky.  pt 

Pt  Hibbs, /12m 

Rocky  Pt,  arf.  

Mt  deWitt,  vis.  121 

Port  Davey,  S,  w,  b,  Pyra-  \ 

midal  rk.,  entr { 

Sttgarloaf  rks 

South-west  C,  lOOOf.,  1 

South  C 

Maatsuyker  Is.,    ^I^   7m.,) 

SW,  or  Needle  rk / 

Mewstone,  A,  ru^ed,  ||  N .... 
Pedra  Blanca,  (Eddystone  ) 

lm.E).     lU / 

Sidmouth  xiL.|  [4c.] 

Rurick  rE 

Recherche  Bm  2  S,  w,  b, ) 

S  port / 

Huon  R.,  Swan  Port,  S,  1^^.. 

Acteeon  z? 

Bniny,  Id.,  -J^  9 1.,  S  pt,  or 
Tasman's  Hd.,i,  (Islets, 

2  Friars,  SW)  

— -  SW  pt,  or  C.  Bruny  It.,  1 

Rl"339f. / 

—  Fluted  Cape 

Hobarton,  m,  fort  Mul- )  ^ 

grave ) 

Storm  B.,  C.  Raoul  .^. 

Port  Arthur,  S,  w,  r,  Se-  \ 

maphore / 

C.  Pillar,  1,  Tasman's  I.,  off  1 

do.,  vis.  121 / 

Hipjwlite  rk.,  70f.  


Lat.  S 


39*30' 


39  35 
39  4> 

39  39 

39  51 

40  12 

39  57 

40  7 

40  19 

40  22*4 

40  29 
40  35 

40  33 
40  36 

40  40 

40  57 

41  28 

41  54 

42  11*6 

42  II 
4*  38 

43  o 
43  10 

43  »o 

43  »5 
43  35 
43  39 

43  41 

43  44*5 

43  51*5 

43  475 
43  59 

43  34 

43  14 
43  34 

43  31 

43  »8-7 
43  »» 
4*  53*5 
43  13 
43    9*» 

43  H 
43    * 


Lon.  E 


4/'»i' 

47  34 

47  4a 

48  I 

47  46 

48  6 
48  22 

47  44*5 

47  49 

48  75 

48     4 
48  10 

48     75 
48  17 

44  407 
44  38 

44  57 

45  »o 

45  >3-5 

45  10 

45  «5 

45  30 

45  50 

45  55 

45  56 

46  I 

46  53 
46  II 

46  »3 

46  59'5 

47  7 
47  4a 

46  54 

47  5 

46  59 

47  19'* 

47    8 

47  *4 
47  21*2 

47  47 

47  507 

48  2 
48    a 


&S0 
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MARITIME  POSITIONS 


(97) 


Places 


a 


I 


LatS 


LOD.E 


(98) 


Pbuxs 


■) 


) 


1 
I 


I 

09 


•J 
< 


Maria  I.,  NS  41.,  Oyster  ) 
B.,  wwj,,  W  aide,  t ....  j 

—  Pyramid^  off  S  pt. 

—  Sam.  at  N  end,  3500f.  .... 

C.  Bougainville 

Schouten's  I.,  %  6m.,  S  islet  off| 

C.  D^;erando  

St.  Ptttrick'B  Head 

EddystonePt 

Mt.  Cameron,  (8  L  inland  of 

do.),  1730f. 

Black  rf.,  [IJm.] 

Swan  Is.,  [3m.]  ,90f.;  w,NW, 
b ;   It.  at  E  pt.,  R  1" 

104f. 

C.  Portland 

Waterhonse  I.,  ^  2im.,  1t,t 

SE  8 ,  N  pt 

Ninth  I.,  small 

Mt.  Arthur,  5 1.  inland.  4300f. 

Tenth  I.,  small 

Port  Dalrymple,  S,Low  Hd., 
It.  Rl-UOf. 

—  Georgetown,  il.  si.  

Flinders  Pt 

Emu  Bay,  NW,  or  Black 

man  Pt 

Valentine  pk.,  7  L  inland, 

4000f. 

Table  Cape,  1,  t,  380f. 
Rocky  Cape,  sum.  2m.  in-  \ 

land,  lOOOf.,  (a  rk.  2m.)..  / 
CircnUr  Hd.,  1,  485f.  N  pt.. 
Walker  I.,  NS  3m.,  N  pt .... 
Three  Hummock  I.,  -J^  7m.,  \ 
wSWside ] 

—  North-East  pt 

Hunter  I.,  NS  13m.,  300f.,  \ 

*«,♦.  *E,Npt / 

North  black  rk 

Albatross  I.,  [Im.],  125f.  sum. 

AtuiraUa,  oomihutedfirom  (IM)  3. 

C.  Wellington 

Comer  IiSet,  QQ,  entr.  S  pt... 

-^  Allerton,  town 

Is.  to  SE-d..  %  5m.,  £,  or 
Cliffy  I 

Gabo  I.,  [Urn.],  V,  ||o  N, 

Ot  P179f.) 

I C.  Howe,  /,  J,  islet  dose  off.. 

C.  Green,  pt,  (j^.  off) 

Twofold  B.,  S,  b,  w,,  Red\ 
Pt.  It  (to  be) ] 

Eden,  town 

Mt.  Dromedary,  vis.  15L,  \ 
Npt 

Montague  I.,  [2m.],  ^^W, 
rky.  South  pt 

Pt.  Upright,  X 

Ulladulla,  So.  Head 

C.  St  George,  the  East  pro 
Jection    .j 

Jerris  B.*  S,  r>  99,  N  pt.1 
entr.,  or    Pt    Perpendi-  > 
ctilar,  650f.,  j.  It  ho.  ...J 

iRed  Headp  t^%,  off   


42V' 

4»  45 

4»  37 
42  30 

42  21 
42  z6 

41  34 
40  59 

40  59 

40  50 

40  44 

40  44 
4046 

40  50 

41  16 


1 


) 


4" 
41 

50* 
3.4 

41 
41 

63 

4 

41 

3 

41 

22 

40 

567 

40 

53 

40  43 

40  35 

40 

26*5 

40  23 

40 

«4 

40  29 
40  22 

^2 
38 

38 

4 
47 
40 

38 

57 

37 

34-2 

37 
37 

31 

17 

37 

6*2 

37 

4 

36 

187 

36 

»57 

35 

35 

35 

32*2 

35 

10 

35 

9-* 

34 

»5 

148**  2' 

I4«     3 

148  rs 

148  o 
X48  18 
148  17 
148  18 
148  20 

147  56 

148  16 

148  8 

»47  577 
147  38 

»47  177 
H7  «7 
147    o 

146  48*2 

146  50*2 
146  44 

H5  57 

H5  45 
HS  457 

145  31 

H5  »7 
»44  55 

144  510 
144  58 
14448 

144  39 
144  397 

146  29 
146  28-3 
J46  42 

146  44 

»49  5S» 

150  o 
150    3 

149  582 

149  55 

150  9 

150  147 

150  26 
150  3>'a 

150  50 

»5o  47'5 
»';«>  345 


Botany  Bay,  ^.  t,,  N  pt.  \ 
entr.,  C.  Banks ] 

Port  Jackson,  S,  It  Rl  |*Hof. 

Sow  and  Pigs, lti.,NW  edge,  1 
2F,  22f.,  vert / 

SvDNxr,  Fort  Macquame*.... 

Observatory 

Paramatta  Obt 


LatS 


Broken  B.,  S.  SW  of  entr.,  J 
w,  b,  r,  entr.  S  pt ) 

C.  Three  Points , 

Port  Hunter,  QQ,  or  New-  \ 
castle.  Court  House ...  /  * 

Pt  Stephen's,  t»  !*•  ^  1"  ... 

Port  Stephen's,  S,  w.  Bar- ) 
roinee  Pt J 

Broughton  Is.,  E  pt 

Sugarloaf  Pt,  (rks.  off^ 

C.  Hawke  pk.,  777f.    

Three  Brothers,  1700f.,  N  one 

Port  Macquarrie,  entr. 

Smoky  C 

N.  Solitary  I 

Clarence  R.,  It.  F.  red  entr. 
J   C.  Byron,  E  pt.  of  Auatralia 
^  'Mt  Warning 

Pt.  Danger,  (an  Id.  and  shls. ) 
off).  Cook  Id j 

Pt  Lookout  


69 


< 

< 


'C.  Moreton,  N  part  of  Id., ) 
j     (rks -f  4m.)  It  ho j 


Brisbane  R. 

A  high  peak 

~  Double  I.,  Pt. 


Grt.  Sandy  I.,  -f^  23  I.,  £. 
pt,  or  Indian  Head  ... 
—  Nand  E  pt.,  Sandy  Cape, ) 


■:) 


) 


7m.    ..; ...  I 

_  Shls.  off  N  pt..  Break- 
sea  Spit,  J 

Maryborough  R.  N.  Hd.. 

Lady  Eliott  I.,  It.  F.  67f.    .. 

Bunkers'  grp.,  \  4  1.,  /,  %  \ 
II,  Spt ] 

iMast-Head  Islet,  t,  50f. 

'Capricorn  grp.,  ^,  NW  I.,  J 
(rfa.  E),  t,  50f. f 

—  North  rf.,  small  

iRoundHm    

Port  Curtis,  9,  Facing  I., 
•4f  8m.,  w  near  S  pt,  or 

'     uatcombe  Hd 

C  Keppel     

■Keppd  Is.,  Barren  I.  548f.... 

Flat  I.,  small    

Peaked  I \ 

C.  Manifold,  islet 

'Port  Bowen,  Si  w  N  pt. 

Entrance  I.,[§m.],  I99f.,t 

Harvey's  Is 

C.  Townshend  

Double  Mt,  Est  of  pks.... 
Thirsty  Sound,  N,  or  Pier  Hd. 

Northumberland  Is.,  E  one,  \ 
or  High  Pk.,  750f. j 


I 


33  5i'» 

33  50 

33  5»7 
33  517 

33  487 
33  34 
33  3» 
3»  55-8 

3»  45 

3*  407 

3*  37*5 
32  26-5 

3a  >3 
31  40 

31  25 

30  56 

^9  5 55 
29  26 

28  37-6 

28  23*1 

28  II 

27  26 

27      2*2 

27  24 
26  20 
25   56 

»5     1 

2441 

24  24 

25  as'S 
24    6 

»3  54 
23  32 

23  18 

23  II 

»4  »5 

23  50 

23  27 
23  10 

22  45 

22  40 
22  42 

22  29*0 

22  24 
22  14 
22  32 

22    7 

»i  57 


Lon.E 


I5i«i6' 
151  iS'i 
151  17 

151  I4'0 

33  517I151  »5 
151     1*0 

151  20 

151  25 

151  4X7 

152  13-5 
152     4*2 


152  21*5 

"5*  337 

»5a  35 

152  47'7 

»5a  57 

153  6 

«53  a4'5 

»53  *4 

'53  39*a 
153  17*1 

«53  35*5 

»53  33» 
153  19 

'53  'o 
151  56 

"53  '4 
J53  a3*5 

153  17-2 


»53 

U 

152  56  6 
«5»  45-5 

«5» 

26 

»5i  47 

151  47 

«5i 

58-5 

'5» 

5»*5 

»5i 

21-5 

«5« 
«5» 

4* 

5 

«5> 

i5> 
150 

3 

I 

S4i 

150  50-5 

15047 

150  33 
150  19 
150    5 

150  44 


•  g»rdco  la.,  tUc  usual  place  of  ubscrvatioii,  ILud  cP  d  4/'  £.  of  Fort  llooqusrla. 
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m 


Flaoef 


3 


Percy  Is.,  -^  7  1.,  N  part, 
Pine  pk.,  vis.  12  1.   ... 

—  Prndhoe  I.,  ^  2m.,  sam. 
1026t     

Long  Hill,  2333f. 

C.  Mmerston,  ^.w^  10m.)... 
SladePt   

C.  HilUbonnigfa,  1,  lom. ) 
966f.  f 

Sir  Jas.  Smidi's  grp.,  linn^  \ 
pk«,994f.  ) 

Repybe  la.,  (Entr.  of  Rep. ) 
B.),  Spt.  f 

C.  Conway,  pk.  1637f. 

Comberland  Is.,  ^  26 1.,  t, ) 
Sand  Bone, marked Kl ) 

^Bailey  I.?  small 

—  Shaw's  Pk.,  N  part  of  I.,  1 
[4m.],  leOlf.    f 

Whitsunday  I.,  1568f. 

Hayman  I.,  N  pt 

Mt  Dryander,  4566f..' 

C.Gloucester 

Gtonoeater  I.,  %  5m.,  N  ( 
sum.  1907f.  f 

Port  Denison  Obsy.  Pt  W ) 
side  of  Stone  I ) 

Holbome  I.,  [Im.],  481f.  ... 

Mt  Abbott,  3460f. 


< 

m 
< 


e 


C.  Upstart,  (sam.  1900f.), ) 

NWpt.,  (w-t  Im.)...} 
C.  Bowling  Green,  /,  NE ) 

pt.,  sand ] 

C.  Cleveland,  h  land  Sd 

Mt.  EUot,  4075f.  

Magnetic  I.,   [5m.],  sum.  ) 

1770f. ] 

—  Bay  rock 

Palm  Is.,  b,  w,  \Bjrgie  one,  ^  ) 
8m.,  1890f.    I 

Hinchinbrook  I.,  Pt.  Uil-  ( 
lock,270f. I 

—  Mt  Bowen,  3650f.  

—  C.  Sandwich,  rks.  2m.    .. 
Rockingham  B.,  Goold  I .,  \ 

[2m.],  w"'W,  sam.  1375f. ) 

Dunk  I.,  ^  3m 

Double  Pt.,  rks.  S£  5m 

Firankland  Is.,%4m.,Sand  ) 

EI I 

Fitz  Roy  I.,  [2m.],  w,  b, ) 

NE  pk.,  550f.,  ♦^  W j 

C.Grafton    

Green  I.,  [and  rfs.  3m.]  

SateUite  rk.,  >  

Snapper  I.,  [l^m.],  i^,  SE  ) 

pt. ( 

C.  Tribulation,  Finger  pk.,  \ 

3350f. J 

Endeavour  R.,  entr 

Endeavour  rf.,  ^  13m.,  N ) 

and  Wpt / 

Turtle  rf.,  [3m.],  r,  N  pt  .. 


LatS 


Lon.  E 


»i*»3»' 


II  19 

*i  34 
II  ja 

ai     4 

ao  55 

20  40 

10   37 

20  32'S 

21  7 
21      1 

20   28 

20    15-5 

20      I 

20    14 

20      1*5 

9  57-5 
10    0*8 

9  4a 

20    6*5 

9  4»« 

9  «9'5 

9  "3 
9  ^9 

9     8 

9    7* 

8  44 

8  25 

8  20'7 
8  13 

8    9*9 

7  57 
7  40 

7  *3'7 

6  55*7 

6  52'7 
6  46 
6  26-2 

6  177 

6    44 

5  a7-5 
5  3« 
5  H 


5o«i9' 


49  40 

49  *o 
49  3a 
49  »S 

49     5*a 
49  H 

48  55 

48  58 

49  58 
49  34 

49     7 

49  o 
48  55 

48  34*5 
48  3"*5 

48  28 

48  18 

48  *4 

47  47'5 
47  47 

47  a6 

47     1-3 
46  58 

46  50 

46  40 

46  38 

46  23 

46  172 
46  20 

46  1 1-5 

46    12 

46  io'5 
46    8 

46     IS 

45  57*2 

46  I 

45  41-5 
45  3» 

45    o 
45  '^^ 
45  ^7 

45  ^rs 


(100) 


Places 


3 


•4 
< 

CO 


I 

I 


C.  Bedford,  A,  1,  (shl.  Im.)... 

C.  Flattery,  2  pks.,  855f.,pt. 
Lizard  I.,  [3m.],  w,  b J 

sum.  1200f.   ]  * 

Eaglel.,  [Im.], /,  t,  (8hl.\ 

S-d.) / 

Lookout  Pt ... 

Coles'  Is.,  sandy,  /,  ♦,  NE) 

ext j 

Howick's  grp.,  ^,  SE  sum... 

Noble  I.,  [Im.],  rky.,  A  

C.  Bowen  

Pt.  Barrow,  rky 

C.  MelviUe,  (shl.  ^  2im.) ... 
Pipon  Is.,  [2m.],  /,  %  N  pt 
Clack's  I.,  small,  A,  rk.,  1  ... 
FUnders  grp. ,  ^  2 1.,  994f., ) 

Npt  C  Flinders  j 

Jane's  Tableland,  abt  lOOOf. 

A  Dry  Sand,  [lim.]   

Low  Woody  I.,  [Im.] 

C.  Sidmouth 

C.  Direction,  rf.  2m 

C.  Weymouth,  Restoration) 

I.,l,pk.  466f.,Wpt., /,; 

♦ft    ) 

Fair  Cape,  rf.  2m 

Forbes  Is.,  sum.  340f. 

C.  Grenville,  E  pt.,  (Home 

Is.  5m.),  I 

Sir  Ch.  Hardy's  Is..  [8m.], 

w%,  N  one,  320f.     

Cockbum  rf.,  £W  14m.,  E  pt 

Bird  Is., /,t 

Orfordness,     Pudding-pan  ) 

hill,  about  650f.    | 

Caimcross  I.,  1^,  75f.  

Bushy  I 

Arnold  I.,  ♦  

ShadwellPt 

Sandy  Cay,  [5m.],  W  of  2,  \ 

Wpt i 

Grt.  Albany  Is.,  SE  pk., ) 

( Port  Albany,  SW,  ffl,  w)  J 

Mt.  Adolphus,  548f.     

Mt  Bremer,  420f.  w"' 

N  extr.  of  Australia,  C  York  1 

I.,  small,  rky.  282f.,  1...  J 

Flinders'  shl.,  NE  extr 

S.  limit  of  Grt  Barrier  rfs., ) 

or  Swain's  rfs.  ||  S,  ^^  •••  > 

NE.  Um 

Horse-shoe  rf.  [5  1.]    

David  Sandbk.,  [4  1.],  rks. ) 

E,  13f.    / 

Flinders,  NE  lim 

Endeavour  opening 

Sandbanks,  NE  lim.,  *p   

First  Three-mile   opening, 

N  pt.  of  reef,  T 

Second  Three-mile  opening, 

(rf.  in  mid.),  pt.  to  E-d.,  j 

Hibemia  ent<i.  (1810)  

Cook  entr.  (1770)  


LatS 


5-i6'5 
4  59 
4  40 

4  4a 
4  50 
4  33 


32-41 
30-5 

31 

4  *»-5 
4  10 

4  65 
4  4*7 
4  8 


4  »9 
4  8 
3  40 

3  *S 
2  51 

»  37i 

2  25 
2  16 


»  547 

1  49 
I  46 

I  20 

>  "5 

I  »5*5 
I  o 

o  59 
o  49 

o  44-7 

o  37*7 
o  41 

10  41*6 

*3  35 
22  23*2 

ai  5 
20  15 

19  20 

17  40 

»5  41 
13  43 

13  28 

n  3 

12  44 
12  39 


Lon.  E 


45**a3'a 
45  »3 

45  30 

45  H-7 
45  157 

44  57 

45  >*5 
44  48-5 
44  4»-5 
44  4* 
44  335 
44  34 

44  >r5 

44  l6'2 

44  10 

44  a-5 
43  43 
43  37-2 
43  34 

43  *7-5 

43  «7 
43  a4 

43  »7 

43  a8-5 

43  30 

43  6 

4»  49 
42  56 
4*  53'5 
4*  59 
4»  45 

4*  43 

4a  377 

4»  39"* 
4*  35 

42  332 
51  40 

5»  37 

5*  5* 
51  50 

51  5 

48  30 

45  50 

44  15 

44  5*5 

43  59 

43  50 
43  49 
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MARITIME  POSITIONS 


(101) 


Plaoes 


I 
I 


1 


I  •  I 

I 


1 


Detached  rf.y  [Im.] 

N  Detached  rf.,  [Im.] 

Wreck  of  the  Ftrguaon    

Black  rka.,  N  pt 

Yule'trf.,  [11],  Eedge.T- 
Nimrod'a  entr..  [3c.]  

Stead's  entr.,  [im.] 

Grt  Detached  rf.,  NS  4  1., 

Npt 

—  South-east  pt 

Raine  I.,  -^  lim.  (entrance) 

'^^  ^  beac.  60f.   

Pandora  cntr.«  [2m.]    

Outer  projection  of  the  reef. . . 
Yules'  opening,  i4,  [Im.], 

(current!) 

Sandbk .^ 

Fly  entrance,  so,  [^m.]  .... 

Cumberland  entrance 

Murray  Is.,  [4m.],  grt.  one, 

f,pk.  700f. 

Flinders'  entr.,  ^  4m. ,  S  pt. ,  j 

Ball's  Pyramid,  ISlOf.... 
LordHowel.,  2834f.,V 

Island *.....0 

Seringapatam  and  Eliza 
betn  3,  mid 


Lat.  S 


) 


Middleton  3. 


A  rock 

Capel  bk.,  Is 

Perriers'  bk.,  17,  fifi^ 

Catobk., /a  

Wreck  rf.,  (Porpoise  and 
Cato,  1803),  EW  7  1., 
Eastern  extremity.  Bird 
Island,  ♦ 

Sir  James  Saumarez  bks.,  \ 
[3  leagues],  Southern  | 
point  ; 

Frederick,  shoal,  (ship,  \ 
1812)     I 

Kenn  rf.,  ^  9  miles,  low, ) 

T,^    / 

Booby  sboal,   (shoal  W  6  \ 

miles)    

A  Sandy  Island,  Mid.  Bel 

lona  

BellonasU.,  NW    o 

Bellonashl.,  S 

Ball's  rks 

Bampton  shl.,  [17  leagues], '] 

South-West  part,  Avon 

Islands,    2,    [2   miles], 

',  t   •■ 

—  Tm>  Islands,  /,  t,  at  i   _. 

Npart  f  " 

Mellish    Cays,    [4   1.], 


) 


mid. 


1° 


Lahou  ahoal,    [15  I.],   E 
lim.? 

Tiregrosae  Islets,  2,  rfi.,  \ 
W  pt ) 


12  25 
12  20 
12  12 
II 
12 
II 


Lon.E 


58 
6 

55 


II  39 

II  51 

II  36 

II  27 
II  II 

10  23 

10  10 
10    I 

9  54 
9  56-5 
9  4» 

31  45 

31  315 
31  19 

29  56 

29  28 

24    o 

»5  *5 

23  23 

23  14 
22  10 


»»  55 

21     I 
21  15 

21    2 

21  24 

20  50 

21  53 
21    o 

19  31 

18  59 

17  25 

17  10 
«7  44 


H3^53' 

'43  5« 
143  50 

143  56 
,44    o 

"43  48 
143  50 


"44 
'44 


o 
6 


'44    »•? 
I 

7 


'44 
'44 


'43  57 

144  I 

'44  6 

'44  7 

'44     5 

'44  15 

159  26*2 

'59     5 

160  42 

'59    4 

'59    4 

160  15 

'59  '5 
'55  3* 

»55  33 
'55  »8 


'53  3^ 

>54  *3 
»55  49 
158  36 

158  sa 

'59  47 

'59  30 

160  36 

158  16 

158  »7 

'55  53 

152  13 

150  32 


(102) 


Plaoes 


4S 


Coringa  shl.,  Id.  lOf.,  ifi., ) 

N  part j 

Diana  bk.,  (1768) O 

Bougainville  ahU.,  2,   )»\  ^ 

NS61.,  Npt /  ° 

Osprey  shL,  ^  lOm.,  S  pt.... 

Possession  I.,  -j^  3m.,  rky.,  1 

♦of'^QtNp'- / 

Prince  of  Wales'  I.,  #  51.  \ 

NE  pt.  Homed  HiU,  430f.  / 

—  S  pt.  or  C.  Comwdl 

Double  I.,  [4m.] ,  218f., N  sum. 
Wednesday  I.,  -jf^  4m.,  E  pt. 
Booby  I..  [Jm.].  30f.,  ♦,  \  ^ 

^,  r, ww^,  **Po8t Officer  /  ^ 

Proudfoot  sill.,  s 

Wallis  Is.,  shl.,  N  one,  70£ .. 

Eastern  Fields,  [7 1.],  E  eQd,4i» 
Boot   rf.,   NS  41.,    (shls. 
SE.d  and  SW-d),  N  pt., 

Boot  I 

Portlodc  rf.,  unexplored,  1  ^ 
Nlim /  ° 

East  Cay 

Anchor  Cay,   (S  lim.  of 

Bligh's  ent^.) 

Bramble  Cay,  Sandbk.,  12f., 

^,  (BIk.  rks.  4~  ^in*)  ••• . 

A  reef  awash , 

Damley  L,  or  Eroob,  (at  W 

edge  of  rfs.,  -J^  11m.), 


ww^.  P..  hill  580f. 


LatS 


} 


Nepean  I 

Stq)hen's  I.,  /,  f 

Pearce  Cay 

Dalrymple  I 

Rennd I 

Yorke  Is.,  2,  [3m.],  W  Id.... 

Arden  I 

Aureed  I 

Half>way  I.  and  rfs.  -j^  4m., 

NWpt 
Cocoa-Nut  I.,  2,  [4m.],  E  pt. 

Dove  I 

Dungeness  rf.,  S  pt. 
Dungeness  I.,  EW  4m.,  W  pt. 
Turtle-backed  I.,  268f.,  f  .... 
Long  I.f  ^  4m.,  ♦,  rfii. 

E-d,  W  pt 

Pollrk 

Harvey  rkf 

Mt  Ernest,  807f. 

Mt.  Augustus,  131  Of.,   (on) 

NE  part  of  I.)  / 

Duncan  Is.,  Sst.,  or  Hawkes-  \ 

b«uT ) 

Banks  I.,  sum.  on  E  nde 

North  Possession  I o 

Jervisl.,  [21.]... O 

Clarke  bk 

Alert  Reef, 

JmtlraUa  comiimmed  Jhm  (100)  9 

Dnythen  PL  .. 

Pera  Hd.,  /,  1 

C.  Keerweer... 


} 


[.,  [Im.]. 
sf,  [i«n.] 


6O49' 
5  41 

5  «7 
3  50 

043 

o  35 

o  46 

o  27 

o 

o 


30 

3^7 

34 
5« 

5 


9  5« 

9  a8 

9  H 
9  22 

'  ' 

9  10 
9  35'3 


9 
9 
9 
9 
9 
9 
9 
9 

10 


34 

3' 

30 

37 
46 
45 
53 
57 

6 


10  4 
10  o 
10     3 

9  5» 
9  54 

10    % 

10  16 
10  19 
10  16 

10    9 

10  22 

10  12 
10    4 

9  55 

10  ftO 
9  5» 

12  34 

12  59 

13  58 


Lon.E 


149*59' 
150  20 

147  50 
146  34 

142  25 

142  18 

142  10 
142  28 

'4*  '9 

141  S40 

141  29 

142  I 

'45  45 
'44  40 

'44  55 

'44  '* 
144    6 

'43  5' 
'43  50 

'43  45 

'43  39 

'43  3* 

143  16 
143  21 
143  19 
'43  »7 
'43  'J 
'43  »' 

'43  ao 

'43  'o 


'43 
'43 
'4» 
'4» 


5 

o 

55 
4« 


142  51 

142  52 

'44  43 
142  31 

142  21 


142  10 

142  19 
142  20 
142  10 
141  27 

140  SO 

141  4' 

141  40 

'4'  34 
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MARITIME  POSITIONS 


(103) 


Flaoes 


9 

3 


^ 
^ 

3 


2L,) 

liffB, 


JYan  IHemen's  Inlet,  w,  entr. 

Wdlea^Ia^N  extr^rocky  islet 

—  I.  Momington,  -Jf-  12  L, 

N  part,  White  Cliffs 
(rks.  off) , 

—  Keonia  I.,  small , 

—  E  eztr.y  BountiM  Is.,  2, 

^  dm,f  E  pt* 

—  Sweexi  I.,  -Jf-  5m.,  5t,  w, 

r,  b,  S  pt.,  InsDNBctioii 

Hill,105f. 

- Bcntinck  I.,  #31.,  je,\ 
(sUs,  N-d),^  pt / 

Sir  Ed.  PeUew's  Is.  ^  12L 
N  eztr.,  ark 

—  Yanderiin  I.,  ^  61.,  N) 

pt,  or  C.  Vanderiin  ...  / 

—  mrth  I.,  NS  8m.,  N  pt , 

CPellew 

—  Westl.,  NEpt 

ICaiia  I.,  ^  7m.,  N  pt 
Groote  Eylandt,  NS  I2L,\ 

8Ept,(anI.  S5m.)../ 

—  Central  Hill,  vis.  10 1 

Nordi.East  Is.,  [7m.],  E  eztr. 

Bidcerton  L,  [4  L],  som 

Woodah  I.,  4  4  L,  S  pt 

Nksols  I.,  [3m.] 

C.  Shield 

u.  Urer  ...■...■•.•..■■•....••••... 

MtCsJedon 

Mt  Alexander 

C  Ambeim 


•  • ... 


) 


MelTiDele.,  (B^.  jfMel-) 

TiUeBO,NElim.,ab..../ 

Bramby  Is.,  NE  pt 

C.  Wilberfoice o 

English  Company's  Is.,  -Jf- 
121.,  N  and  E  eztr 

Truant  I.,  small 

Weasel's  Is.,  N  pt,  C.Wessel 

Amheim  B.,  entr.,  Malli- 

son's  I.,  W  pt 

Brown's  Strait,  rk.,  entr., 
Jff  yjHf^ 

Pt  Dale..'.'.!'.!!..'.'.!!!!!'.!"!!! 

Crocodile  Is.,  SE  lim 

C.  Stewart,  rky 

lireqNMl  R.,  Haul-ronnd  I 

islet  off  entr j 

Pt  Cnthbert,  (shls.  3 1.  ont  il ) 
Gonlbfim  Is.,  North  I.,  ^ 

7m.,  Npt 

Pt  Brogden,  rky. 

3  ,C.  Cockbom 

S  MacClner,  I.,%2m.,  Npt 

^  New  Year  I.,  small,  w 

Brunblerks O 

Money  shl.,  [Sm.],  7   O 

Croker  I.,  NS  7  L,  N  pt.,) 
I  C.  Croker,  (rks  NW-d.)  / 
Orontes  rf.,  [Im.]  i     

|Pt  Smith,  [rks.  Im.] 

Port  Essington,  Got.  Ho.    e 


I 


LatS 


16  18 
16  24 

16  19 

16  39 

17  8*2 

17  8 
15  29 

15  34 

15  30 

15  31 
14  50 

14  16 

»3  57 

«3  39 

»3  45 

»3  34 
13  27 

13    2C 

13     O 

12  53 
12  39 
12    14 

la  3 
II  48 
"  53 

II  42 

11  39 

10  59 

12  12 

11  30 

II  36 

"  43 
II  57 

"  54 

"  43*5 
II  28 

II  31 
II  21 

II  4 
10  55 
10  54 
10  19 

10  sS 

"    4 

11  8 
II  22 


Lon.  E 


(104) 


Places 


141**  i' 
13940 

»39  37 

139  5» 
139  56 

139  41 
139  30 

137    3 

137    8 

137    2 

136  46 
n5  54 

136  58 

136  42 

*37  I 
136  15 

136  13 

136  19 

136  23 
136  42 

136  33 

136  44 

137  o 

«3fi  57 
136  42 
136  34 

136  44 

136  51 
136  45 

136    6 

136    9 

136  7 
135  18 

13446 
»34  »5 

133  5» 

133  30 

133    6-5 

i3»  54 

133     I 

133  45 
132  50 

132  47 
132  38 

132  7 

133  10 
132  10*7 


1 


Yaahon  Hd.,  (shl.  2m.),  N  pt 

CDon 

Bnrford  I.,  [Im.] 

Greenhill  I.,  NS  5m.,  SW  \ 

pt,  (rf.  off) / 

Field  I.,  [4m.],  /,  (off  mo. 

of£.  AUigator  R.),  W  pt , 

rf.  off 

C.  Hotham.  shl.  NE-d 

Yemon  Is.,  [3  L],  S  side  of  \ 

Clarence  Strt,  W  pt ....  / 

Mdvfflel.,  ^25L,  Ept  .. 
—  Pt.  Jahleel 


LatS 


—  N  and  Wpt.,  C.YanDie- ) 

men,  /,  sandy,  (shl.  5m.)  / 

Bathnrst  I.,  EW  131.,  N,) 

or  Sandy  Pt j 

—  C-  HelTetius 

—  S  eztr.,  C.  Foorcroy 

Port  Darwin,   S,  w,  Pt 
Emery,  on  E  side 

Port  Paterson,  S,  Raft  Pt, 
on  E  side 

Paterson's  B.,  QnaU  I.,  w"'.'.. 

Pt.  Blaze 

Peron  Is.,  -^Ib-  5 1.,  N  pk. 

C.  Ford,  (rks.  2m.)  

Port  Keats,  9,  Tree  Pt. 


) 


) 


C.  Hay,  (shls.  -f  5  i.j 

Pt  Pearce,  SW  eztr.,  (a  rf.  off) 
Cambridge  G.,  Lacrosse  I., 

^ 4m.,  Wpt , 

—  Adolphns  L,^  10m.,  W  pt 
CDassejonr,  (rk.  off),  som. ' 

over 

Mt  Casnarina 

C.  Bemier 

Lesaeor  I.,  [and  rks.-l  1.]  .... 
C.  Londonder^,  (Stewart 

Is.  and  rks.  3m.) 

C.  Talbot 

Jones  I.,  small,  /,  sandy 

C.  Bougainville 

Trooghton  I.,  /,  sandy,  [rfik  ) 
5m.] f 

Shls.,  bks.,  [Holnthnria  and  S 
others),  nnezploredjWHm. ) 

A  reef. 

Casshki  I.,  [3m.],  rfs.  N 

Admiralty  G.,  Port  Warren- 
der,  Crystal  Hd 

C.  Yoltaire,  flat  hill,  (lim. 
inland) 

Condillac  I.,  small 

A  sand-bk.,  small 

Montalivet  Is.,  EW  4  L,  Wone 

Barker  Is o 

Maret  Is.,  (rfik  W  2  L),  Nst 

N  pt 

Lamarck  I 

C.  Pond,  islet  off 

Pt.  Hardy 

Port  Nelson,  Sf  Careening) 
B.  beach / 


) 


Lon.  E 


11°  7' 
II  19 
II  30 

II  39 


"  5 

12  3 
12  4 

II  28 
II  II 

II  8 

II  19 

II  41 

11  51 

12  27 

12  37 

12  30*9 

12  51 

13  6 

»3  *5 

13  59 

14  I 

14  25-1 

14  43 

15  10 
14  42 

14  23 

14  o 

13  48 
13  44 

13  47 

»3  44 
13  5» 

»3  44 

13  32 

n  35 

13  55 

14  28 

14  15 

14  6 
14  I 

14  14 

»3  55 

14  23 

»4  45 

»4  45 
H  59 

15  6 


1 


132°  2' 
131  48 

131  57 

132  6 


132  23 

131  20 
131  3 

»3i  34 
131  16 

130  20 

130  16 

119  58 

129  57 

130  51 

130  35 

130  28*5 
130 


130 
129 
129 
129 


II 

I 

55 
37 
30 


129  20*7 

128  16 

128  4 

128  II 

127  40 
127  28 
127  17 

126  57 

126  46 

126  26 
126  12 

126  15 

125  50 

"5  15 
»a5  45 

125  58 

125  43 

125  40 
125  36 

125  12 

'H  55 

125  o 

125  6 
125  II 


125 
125 


4 
4 


554 


TABLE  10. 


MAR(TIM£  POSITIONS 


(105) 


Placet 


I 


I 


I 


»5 


Prince  Regent's  R.,  Mt  Tra-  \ 
falgar,  sum / 

Port  George  IV.,  4/,  V,  b,  \ 
rfs.,  Augustas  I.,  I^  pt...  / 

Colbert  I 

Freycinet  grp.,  W  island 

Wbite  rock  islet 

Red  I 

BmeS 

Champigny  Is. ,  ^  7m. ,  W  sum. 

Pt.  Hall,  sum 

Doabtful  B.,  Raft  Pt,  w 

Ck)ckeU'8  Is.,  [2 1.],  W  pt. ... 
Mac  Leay  Is.,  rk.  N  of  do.  ... 
Caffarelli  LjJ^  2|m.,  mid.... 

Hidden  I.,  Wpt 

High  I.,  [2m.],290f.  

Port  Usbome,  [|m.],  T,  w, ) 

bf  pQ j 

King's  Sound,  Pt.  Torment... 

—  FitzRoyR.  mo.,  Escape  Pt. 

—  Pt.  Cunningham,  K>^  part 

Skdeton  Pt.,  w' 

SwanPt 

C.  Leveque,  60f.,  (an  islet  off) 

Rowley  shls.,  Imperieuse  shl. ) 
NS31.,  rks.,  Edde.../ 
~  Clarke's  shl,  SE  pt 

—  Minstrel  shl.,  NW  pt 

—  Mermaid  shl.,   [31.],  2) 

IJ^.  E  side ) 

Lively,  rk o 

LynherS,  If. 

Scott  rf.,  a  lagoon,  NS  6 1., 

J  W,  I.  sand,  and  crl. 

20f.,  Npt 

Seringapatam  rf.,  EW  5m., 

»f.,  T»  Npt 

Adele I.,  [rfs. 4m.],  /,  ♦.sand 
Sandy  IsleU,  (rks.  SW-d.), 

None 

Beagle  bk.,  [fi  5m.],  15f. 

Browse  I.,  [Im.],  I 

A  reef,  N  lim.  j 

A  reef,  W  lim.  j 

Dry  sand,  (Ship  Carter,  1800) 
Two  sandbks.,  lOf.,  (Ship\ 

Hibemia,  1810) / 

Curtis  I.,  dry  sand 

Ashmore  shl 

Hibemia  shl.,  2  bks.,  10£,  1 

rfs.  4m j 

Echo  rk 

Troubadour  (1843),  9  

Coral  bank,  7 

Lynedoch  shl.,  [fm.],  7?...  o 

Victoria  shl.,  7f.  Q 

Money  shL,  [5m.],  I 

Sahul  bk.,  T7,  least,  limits  ?  | 

Shoal,  [n] 

C.Borda 

Lacepede  Is.,  NW  one  [and ) 
rks.  31.],  /,  sand j 


Lat.  S 


iS°i6'6 


Lon.  E 


H 
15 
'5 


51 

o 

4 


15  13 

«5  57 
IS  19 

15  41 

16  4 
IS  46 

15  5a 

16  3 

16  IS 

20  21 
16  40 

»7     5*5 

17  24-4 
16  415 
16  32 
16  22 

16  23 

17  35 

17  28 
17  14 

17  10 

16  30 
IS  26 

«3  55 

'3  39 
IS  3» 

IS  26 

IS  19 

14    4 
13  26 

12  36 

12  27 

11  $6 

12  %y 
la  10 

II  S^ 


i2s«  7' 
124  38 

124  46 
114  36 
124  25 
124  18 

123  9 

124  IS 


124  27 

124 

31 

124 

4 

"3  45 

"3 

^3 

123 

32 

123 

»5 

123 

34 

123  41-7 

123 

397 

123  14-2 

123     8 


123 
123 


8 

I 


II 

9 

9 

9 

9 
10 

II 

II 

II 


»5 
42 

57 

54 
10 

'5 

15 

35 
8 


16  36 
t6  so 


118  $6 

119  20 
119  10 

119  37 

119  30 
121  sS 

121  47 

121  $6 
123  IS 
123  12 

123  35 

123  30 

124  10 
124  23 
124    o 

123  28 

123  55 

122  S5 

123  28 

126  o 
128  30 

"9  35 

130  40 

131  20 

132  47 

"3  33 

124  13 

126  31 
122  49 

122  10 


(106) 


Placet 


1 


< 

< 


Baleincbk.,  [21.] o 

C.  Baskerville  

Pt.  Coulomb,  rf.  Im 

C.  Boileau,  aandy 

Pt.  Gantheaume 

C.Villaret,  ISOf. 

C.  Latouche  TreviUe,  tis.  7 1. 

C.  Bossut,  rf.  off 

C.  Jaubert,  45f.   

Mt  Blaze,  60t 

Amphinome  shls.,  outer  /3  .... 
Bedout  I.,  (rf.  SW),  [*m.], 

20f. 

Turtle  Is.,  N  one,  [Jm.],  rf.,  i 

C.Thouin,  rf.  N 

(Seographe  shls.,  2,  NW  one, 

[Im.] 

Depuch  I.,  wWq,  514f. 

C.  Lambert  

Delambre  I.,  [and  rfs.  3m.], 
Npt 

Legendre  I.,  ^  8m.,  NW  pt. 

Dampier's  Archipebgo,  -Jf- 
10 1.,  Rosemary  I.,  [3m.], 
W  sum , 

—  Enderby  I.,  EW  7m., 

Rocky  Hd 

C.  Ptaston  

A  small  rocky  I 

Montebello  Is.,  NS  4  L,  H^, 
Nextr.  of  rf^ 

—  Tremonille  Is.,  ♦,  w^,,  b, 

flag  islet 

"^  East  eztr.,   Board  I., 
small,  43f. 

—  Tryal  rks,  NS  4ra.,  Nextr. 
Ritchie's rf.,^  3m.,  mid.  ... 
Barrow  I.,  -j^  4  L,  r,  (rf. ) 

16m.  from  S  end),  N  pt.  I 

Rosily  I 

Muiron  I.,  S  part 

Exmouth  Gulf,  B.  of  Rest .... 


Lat.S 


1 


) 


I6-4S' 
17    9 
17  21 

17  3« 

17  52 

18  19 
18  29 
18  42 

18  s8 
20    o 

19  41 

19  36 

»9  54 

20  %o 

20  17 

20  38-4 
20  36 


Farewell  Spit,  bush  end  

C.  Farewell  

Aopuri  Range,  W  sum.  5400f. 

Rocks  Pt 

C.  Poulwind,(3  steeples  off),  \ 

extr j 

White  Stone  pk * 

Bold  Hd.,  extr 

Abut  Hd.,  extr 

Mt.  Cook,  13,200f.  ... 
Cascade  Ft.,  N  extr. 

Pembroke  peak,  6710f. * 

George  Sound,  Anchorage' 

Core,  N  side 

Thompson    Sound,     Dees 

CoTc,  hd 

Milford  So.,  Freshwater  basin 
Breaksea  Id.,  NE  pt. 
Fite   Fingers   pt.  (W.   of 

Dusky  B.)    

*  FosiUom  marked  Ikmi 
pro9iUomtL 


} 


Lon.E 


20   2S 
20    19 

ao  27 

20  35 

20  50 
20  51 

20  21*5 
20  28 

20  26 

20  33 
20  17 

20  40 

21  14 

21  42 

22  17 

40  333 
40  30 
40  s» 
40  58 

4>  455 

42  23 
4»  58 

43  7 

43  36*5 

44  o 
44  33 

44  55*3 

45  "7 

4440-3 
45  34'7 

45  44a 


121^43' 
122  19 
122  14 
122  18 
122  13 
122  7 
121  S4 
121  36 
121  34 

119  3» 
119  16 

119    o 

118  S4 
118  12 

117  so 

117  41-0 
117  II 

117  s 
it6  46 

116  30 

116  23 

116  s 
"5  53 
IIS  31 

115  36 

"5  37*5 

IIS  285 
IIS  H 

IIS  28 

"4  55 
114  II 

it4    o 

173  » 
172  42 

«7»  35 
172    6 

171  345 

171  28 
170  4X-5 
170  17 
170  12 
168  24 
167  54 

167  267 

166  s8-2 

t^  557 
166  387 

166  28 


J 
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MARITIME  POSITIONS 


(107) 


Vlaoei 


West  Cm    

Chalky  I.,  (S  eoir.  of  Dark  \ 

Cloud  inlet)»  N  pt j 

Pnjsegiur  Ft * 

Sandhill  Ft 


Solander  Id.  [Im.])  llOOf. ... 

Strwart  I.,  -f-  13  I.,  N.,  or ) 
Black  rk.  Ft / 


35 


e 

8 

I 


a 

«9 


I 


Mt.  Ancleni,  3200f. 
Codfish  I.,  ^  3m.,  NW rocks 
;  Ernest  I.,  W  head  of  Mason  B. 

Wedge  \,f  -^  Inity  cent 

SW  Cape  (of  Stewart  I.)  ... 
Port  Fegasos,  eove  abreast  | 

Anchorage  island / 

Wreck  g.,  [im.] 

Port  Adventure,  Entrance) 

I.,  Ept.    j 

Paterson  Inlet,  Glory  cove,  hd. 

Rnapnke  I.  (group  -Jf-  lOm.) ) 
Npt.  / 

North  Trap,^2im.,  5f.,  Ept. 
South  Tr^,  g.  NS  2m.,  S  pt. 
Snares,  [1 L],  470f.  ^,  W  Id. 

Howell  roads 

Slope  Ft.  

NuggettPt.  

Saddle  Hai    

C.  Saunders 

Tieri  I.,  [km.\  mo.  ofT.  riv. 
Otago  Harb. ,  Tairoa  Hd.    ... 

Whalers'  Home  Ft 

Firrt  Rocky  head 

Waitangi  R.,  mo 

Wanganai  R.,  mo.  |),  west) 

ext  of  QO-miles'  beach...  / 
Banks'   Peninsula,   Akaroa) 

Harb.,  S.Whead. ..:..*/ 

—  East  point    

Port  Cooper,  B,  Lytt  Oust.  ho. 

Christchurch   * 

TaWeld 

Huranui  R * 

Kaikora  Pemns.,  E  pt 

Kaikora  Range,  sum.  9700f.* 

Ben  More,  4360f.  * 

C.Campbell  

Port  Underwood,  E.  head  ... 

C.  Koamaroo    

C.Jackson    

Stephen's  I.,  [Im.] 

D'Urvina  I.,  Port  Hardy, ) 

East  ann.  Wooding  pt.  .) 

—  Oreirille  Harb.,  S.  head ... 
Current  Basin,  Cross  Pt.     ... 

Ndson,  Boulder  Bk 

Astrokbe  rd.,  Adele  I.,  NE  pt. 

SeparatkmFt 

Coaling  road,  anchorage 

Kapiti  I.,  -j^  5m.,  sum.  I780f. 
Mana  I.,(offForinia  Harb.),  \ 

-f-  lim.,  sum.  NW  pt.  . ) 
C.  Terawiti,  eztr. 


L&t.  S 


45"  54' 

45  59 

4-6  II 

46  16 

46  36 

46  415 

46  45 
46  46 

46  57 

47  13*5 
47  17 

47  "'7 

47     6 

47    4*7 
46  585 

46  45 

47    22*2 

47  33 

48  7 

46  14 
46  41 
46  26 

45  55 

45  53 

46  4 

45  47 
45  "3 

45  7 
44  55 

44  17 
43  496 


43 
43 
43 
43 
4» 


46 

367 

•3» 
4 
55 


Port  Nicholson,  S,  East  or ) 
Pencarrow  Hd.,  beacon  . ) 


42  26 
42     I 

41  55 

41  43 
41  21 

4'     5 

41    o 

40  40 
40  46*6 

40  50 

4^  56*3 

41  156 

40  58-9 
40  47 
40  48 

40  52 

41  5-« 
41  17*2 

41   22'0 


Lon.  E 


166^26' 
166  35*7 

166  37 

167  22 

166  55 

"67  537 

167  57 
167  377 
167  42 

167    21*5 

167  30 

167  417 

168  18 
168  14*2 
168  107 

168  33 

167  55*2 

167  53 
166  29 

168  4 

169  3 

169  52 

170  22 
170  46 
170  15 
170  45 

170  54 

171  I 
171  12 

171  25 

17a  58*2 

173    9 

172  44-2 

172  37 

'73     5 

173  18 

173  44 

173  41 

174  2 

174  i8'5 

174  8 
174  24 

174  20 

174     I 

"73  55 

173  48 
173  52*2 
173  17 

>73     5? 

173  2 

172  52 

"74  55 
17448 

174  382 
'74  5»o 


(108) 


Places 


I 


IS 

I 


3 


I 


Wbllington,  Pipitea  Ft  0 

Taourakira  Hd.,  eztr 

C.  Pialliser,  eztr 


Flat  Pt,  eztr 

Castle  Ft.,  esCr 

C.  Turnagain,  £  eitr 

C.  Kidniippers,  extr 

Ahuriri  Harb.,  Maori  Pah  . 
Mahia  Peninsula,  Table  Cape 
Portland  I.,  S  eztr. 


Lat  S 


Poverty  B.,  S  pt.,  or  Young  \ 
Nik's  head j 

Ariel  rks.,[    ],  )    

Grable  end  Foreland,  white  gab. 
Tolago  B.,  Motu-Heka islet* 

Open  B.,  N  point 

Mt  Ikaurangi,  5555f.   * 

East  Cape  islet , 

Motakawa  Pt , 

C.  Runaway,  eztr , 

WaikanaPt * 

Mt.  Edgecumbe,  E  sum.  2575f. 

White  I.,  sum 


Tauranga  Harb.,  S,  Mt. ) 
Monganui,  entr.,  E  side./ 
Motiti  I.,  •f'  3m.,  N.  pt.    ... 
Mayor  1.,  [2m.],  sum 

TairuaR 

Mercury  B.,  Oyster  R.  mo.  , 

Alderman  Is.  [4m.],  E.  or  outer 
RedMercury  I.,  [l^m.],  E  pt. 
Great  Mercury  I., -^  4 m.,  N  pt. 

Richard's  S 

Cuvier  I.,  [Hm.],  sum 

Channel  I.,  (Takoupo),  720f. 

C.  ColriUe    

Coromandel  Harbour,    S, ) 

Juhuia  I ) 

Riv.  Thames,  mo.,  Kopu    ... 

Auckland,  S,  D€jp6t  Pt 

Maurangi  Harb.,  islet 

Kawau  B.,  Fish  Pt,  E  entr. 
Takatau  Ft  


} 


Great  Barrier  I.,  -^  7  1., 

S  pt.  C.  Barrier   

Fort  FiU  Roy,  W  pt  of  E  side 

Wellington  Hd 

Id.  offNend,NorAiguiUesPt 

Horn  rk 

Simpson  rk 

Mokou  Hinou  Is.,  J^  Hm., 
NEpt 

Moto  Tiri  Is.,  EW  5m.,  E  pt 

Rodney  Pt 

Bream  Tail   

C.  Tewara,  or  Bream  Hd. 
Wangari  Harb.,  S,  Passage  I. 
Tutukaka  Harb.,  N  head  ... 
Poor  Knights'  Is.,  N  one  ... 
Waugararu  Harb.,  Grove  Pt. 
HomcPt * 


Lon.  E 


41-15  7 

1] 

41  26 

4«  37 

41  15 

« t 

40  54*5 

1 

40  29  5 

|< 

39  38 

V 

39  *«7 

39  « 

39  «8 

3845 

3«44 

* 

38  32 

a 

38  20*8 

37  58 

J 

37  53 

37  40 

37  3» 

37  3» 

37  38 

38  6 

37  30 

37  36*4 

37  35 

V 

37  16 

36  59 

36  49 

36  56 

1 

36  37 

36  34 

36  35 

36  26 

V 

36  26 

36  28 

• 

36  48-6 

1 

37  >o*7 

36  50-1 

36  29-5 

36  27*0 

36  22 

36  22 

36  12*0 

36  10 

36  2 

36  15 

36  I 

35  55 

35  54 

36  17 

36  3 

35  5a 

35  5'*o 

35  38 

35  a9 

35  *3*3 

35  »' 

74°48' 

74  56 

75  »7 

75  58-5 

76  14*2 

76  38-5 

77  8 

76  55*2 

78  I 

77  53 

78  o 


78 
78 


185 
18 

78  2I*f 
78  23 

78  3 
78  36 
78  21 

78  1 

77  46 

76  45 

77  '» 
76  II'O 

76  25 
76  15 

75  54 

75  48 

76  7 

75  59 
75  49 
75  58 
75  48 
75  »« 

75  »» 

75  ^5'S 

75  35'5 
74  49'? 
74  44' 5 
74  48*5 

74  54 

75  33 

75  *a*5 
75  '8 
75  »7 
75  '3 
75  9 

75  9 

74  49 

74  5> 

74  37 
74  37 
74  3«*5 
74  34*o 
74  45 

74  22*2 

74  »3 


556 
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MARITIME  POSITIONS 


(109) 


PlAoes 


i 


I 
4 


a 

a 


^ 


C.  Brett,  (W  hd.  of  B.  of  Is.) 

Motu  MoA  Ifllet 

C.  Wiwiki  * 

CaTalli  Is.,  great,  NE  extr.  • 
Stephenson  I.,  NW  pt.   ... 
Wangaroa  Harb.,  P^u^h  I. ... 
Flat  Hd.,  (E  hd.  of  Doubt-  \ 

lessB.)   */ 

Manganni  Harb.,  White's  Pt. 

C.  Karakaim,  extr 

Mt.  Camel,  S  pt * 

Parenga-renga  Haib.,  coal  pt. 

North  Cape,  islet 

C.  Reii^   * 

C.  Maria  Van  Diemen,  islet  • 

Three  Kings,  NE  one,  NE  pt. 

Reef  Pt.  W  ent  of  Ahaipara  B. 

Herekino,  S  pt 

Hokianga  R.,  entr.  fl.  st. 
Manganni  Bluff,  2040f.,  bloff 
Kaipara  Harb.,  9,  shls.  11.) 

oat,  N.  entr.  head    j 

Mannkaa  Harb.,  EB,  Para-  i 

tutai  Islet  at  entr.,  fl.  st.  / 

Dmry  * 

Wukato  R.,  Maratai  Vill.  ... 
Whaingaroa  Harb.,  S  entr.  pt. 

Karehoa  Mt.,  2370f. * 

Gannet  Id.,  sum 

Aotea  Harb.,  entr.  N  hd.  ... 
Ka  Whia  Harb.,  EQ,  S  hd.  ... 

Albatross  Pt.,  N  extr 

Tenia  Pt * 

Mokan  R.,  entr 

New  Plymouth,  fl.  st. 

Sugarloaf  Is * 

C.  Egmont,  extr 

Mt.  Egmont,  8270f.    

Otnmutua  Pt.     * 

Waitotara  Pt ♦ 

R.  Wanganui,  N  or  Castle  cliff 
R.  Manawatu,  N  entr.  pt.  ... 

Jforth  Paci/k  Ocean. 

Kumi  I.,  I-nah-Kwoh,  ^  6m. 
Shoal,  [3m.] o 

Hummock  I.,  [ini.]i  mid.  ... 
Sandy  I.,  EW  3m.,  W  pt  ... 
Koo-kien-san  I.,  -j^  15m.,  \ 
(w'SW),Wlim / 

—  Ncxtr 

Patchusan  I.,  ^  6 1.,  N  pt.... 

—  Port  Haddington,  S,  W ) 

pt.  entr / 

Island 

Typinsan  I.,  %  16m.,  %  E  pt. 

—  I.  off  N  extr.,  Ee-ki-mah 

—  I.  off  SW  part,  Koo-re-mah 
Broughton  rf.,  (wrecked)   . 

1797) /  ® 

Ykimal 

Hoa.pin.8U  I.,  1 181f.,NE  side 
Tiao-yu-suI.,EW  4m.,  t,  mid. 
Raleigh  rk.,  270f. 


Lat. 


Lon.E 


South 
35°  lO' 

35  I7-0 

35  9 

35  o 

34  5« 

35  1-7 

34  55 

35  o'3 
34  47*3 
34  49 
34  30'7 
34*5 
34  a6 
34  »8-5 

34  6*3 

35  " 
35  !«•* 
35  3»*« 

35  463 

36  14-3 

37  3*o 

37  6 
37  a4'3 
37  46-5 
37  50 
37  57 

37  59 

38  4-9 

38   6*2 

38  23 

38  4»-5 

39  3*6 
39  4 
39  «7 
39  18 
39  3» 
39  5* 

39  57 

40  27*2 

North 
24  25 
24  25 

24  13 
24  4 

24  18 

24  26 
24  37 

24  25*0 
H  43 


^4  43 

14  55 

2442 

a5     7 

24  23 

»5  47 
»5  57 
*5  55 

i74**ai' 
174  70 

174  107 

173  58 

«73  47*5 
173  467 

173  35 

■73  33*5 
173  25*2 

173  10 

173  17 

173  4*5 

171  41 

172  387 

172  97 

173  5 

173  I  I'D 
173  23*0 

«73  347 

174  7*0 

"74  3**? 

'74  55 
"74  47? 
«74  53'2 
«74  5» 
«74  35 
«74  49 
174  49 
174  435 
174  40 

174  387 

»74  5*5 

«74  3 
173  46 

«74  5 

'73  56 

«74  44 

175  1 

'75  '47 


122  59 

122  53 

123  36 
123  49 

123  43 

123  47 

124  19 

124  52 

'*4  35 

125  29 
125  14 
125  13 

125    5 

125  13 

123  29 
123  40 

»H  34 


(110) 


Places 


M 

O 


§ 


3 

5 


Koomisang  I.,  EW  8m.,  rk. ) 
S.  2m.),  NWpt    ] 

Tusima  I , 

Tunashee  I.,  sum.,  603f. 

Agunyehpk.,  300f.  

Amalurrima  Is.,  W  one, ) 
Highl..  916f.  \ 

Loochoo Is., Grt.  \.-,^  191.,  ] 
Napaklang,  Abbey  Pt. ...  j 

South  Pt.,  (rf.  J^8m.) 

—  E  extr.,  C.  Sidmouth,  I.  off 

—  N  extr.,  C.  Hope 

—  Herbert  I.,^2|m.,entr., 

Port  Oonting  or  Md- 

Tille,  S,  sum 

Sugarloaf,  8  1.,  mk.  for  Port  / 

Melville f 

Montgomery  Is.,  -g-  5 1.,  ^^  [ 

Npt \ 

Jori-sima  

Jeraba-sima,  pk.  687f. 

Sulphur  I.,  [Im.]     


Coaai  qf  China  amtmmtdfrom  (74)  I 

Nankin,  City,  porcelain  tow. 

Sha-wei-ehan,  rk..  196r. 

Tsung  Ming  I.,  ^  10 1.,  E  pt. 

Ashl.pt.,  NNE61 

A  shl.,-^  5m.,9   

Is.  in  G.  of  Wfaang-ho, 

outer 

Whang-ho,  or  Yellow  R  ...  o 

Hae.chow,  city O 

Tower  pt 

Kyau-chau  Harb.,  NE  hill  ... 

Ka-tih*neaou  I 

Surveyors  I 

Urh  Taou,  or  Staunton  I 


(o 


Shan  Tung  promontory,  E  pt. 

Alceste  I.,  small,  rlEs.  off. 

Wei-hai-wei  Harb.,  9,  N  ) 

pt.,  entr,  Leucung  I.  ...  j 

Che-fow  C,  S  SE-d 

Chung- shan  I.,  S  extr.,  %  \ 

7m.,  S  pt ) 

W  extr. of  grp.,Ta>He  Shan, 

(Miatao   Strt.   S-d.),  ^ 

3m.,Wpt 

E  extr.,  Ta-Chu-shan,  [Im.] 
N  extr.,  Siao-kin-Tao,  [Im.] 
Hwang-ching-tao  I.,  EW  2m. 

Cbimatau  Promontory 

Laichau  Bank   

Sharp  Pk.,  2436f. 

Le-tsin,  city,  7m.  inland .. 

Pei-ho  R.,  mouth 

Sha-Iui-tien  I.,  [3m.],  bk.  -^ 

Great  Wall,  E  extr 

Kae-choobk.  t, (Sylph,  1832) 

Liau  Ho  Bar 

Hulu  shan  B.  N  pt 

Iron  I.,  750f.    

Liau-ti-shan  Promontory.. 
Caprk.,400f.    


Lat.  N     Lon.E 


26*^22' 

26  35-5 

26  21 
26    347 

z6  10 

26  12*5 

26  4 
26  47 
26  51 

26  42 

26  43 

27  5 

27    2 
27  21-5 
27  52 


3» 
3' 
3' 
3' 
3» 

33 

34 

34 
36 

36 
36 
36 
36 

37 
37 

37 
37 
37 


2 

*5 
28 

44 


4 

35 
21 

3 
II 

16 

457 
24 

27 
32 
36 

55 


37  58 


38 
38 
38 
37 
37 
37 
37 
39 
38 

39 
40 
40 

39 
38 
38 
38 


2 
21 

*3 

4' 
28 

o 

43 

o 

53 
58 
46 
36 
30 

57 
43 
48 


i2€«>44' 

126  51 

127  to 

127  14 

127  15 

127  42*2 

127  41 

128  21 
128  17 

128    2 


127  495 

128  25 

128  26-; 
128  35  ' 
128  14 


118  49 
122  14 
121  51 

121  57 

122  o 

120  40 
119  50 

119  ^0 

"9  33 

120  14 

120  57 

121  24 

122  16*2 

122  42*5 
122  40*5 
122  10 
121  26  1 
120  45 

120  36 

120  57 
120  51 
120  55 
120  13 

119  44 

120  0 

KiS  21 

117  43 

118  32 

119  49 

121  33 

122  5 
121  14 
121  0 
121  II 
121  3^ 


TABLE  10 


r 


57 


MARITIME  POSITIONS 


(111) 


PUoes 


3 

a 


Taliea  Whan  Bay,  entr.  San-  \ 

ahan-tow  la.,  S  extr ] 

Bnconnter  Rk.,  s  

Roand  I.,  imaU,  200f. 

Rock,  like  a  junk,  Shi-sian  ... 
Hai  ynn-tau  I.,  S  pk.  1370f. 
Low  Barren  Is.,  [1 1.] ,  W  one 

Very  dangerons  ihl O 

Daniel  I.,  NS  4  L,  ^mid.  [  ^ 

Wside  ]  O 

Sir  Jaa.   Hall's  grp,.  %(  ^ 

41.,SL,SWpt.,rks.offJ  ° 
Clifford  Ii^  nnezpl ,  W  lim.  O 

Liindaay  I.,  SW  pt  

Basil  Bay,  C.  BasU  

Corean  Arehipelago,  un-i 

explored,  Guerin  I.  ...  J 
~  Siddle  I.  £W  2m.,  N  pt 

^Modesto  I^  12]^£  

—  Rossi..  1920f     


3 


o 

< 


7. 

a. 
< 


Lat.N 


—  Thistle  I.,  N  pt.,(Mur-  {  ^ 

ray's  Sonnd,  E  *)...  j  ® 

—  Craig  Harriet,  500f e 

—  Lyra  I.,  small e 

Montebello  I . ,  S W  point 

Montravel  I.,  1041f. 

Farmer  I 

Port  Hamilton.  Obs.  spot  0 
Quelpaert,^  111.,  Beau-) 

tort  I.  off  NE  part   j 

PortCho8an,S,w',b,  Obs.^ot 

Sentinel  I. 

C.  Clonard,  / 

Pinj^-hae  B.,  outer  I o 

Tsus-sima,  NS  7  l.,The  Sound 

„  South  I.,  ^  7  1.,  S  pt. 
Colnett  l..orKotouSima,800f. 
YkiL,  NS  31.,  islet  off  N  end 
Goto  Is.,^  21  l.,S  W  ezt.  Ose  > 

Saki  ( W  extr.  of  Japan  Is.)  ( 
Tama-no-Ura,  S,  S  pt.  entr. 
Asses* Ears,  2,  [Im.],  Sone,A 
Hirado  or  Spez  St.,  N  entr. 
Naxgasaki,  Minage  pt.  ®  .. 

Yenoi  Sima,  600f. 

Kame-ura  B,  S,  entr. 

Dasima  Saki 

NomaS4(i 

Homer  pk.,  3069f.  

C  Tschitsehagoff,  (S  extr.  1 

of  Jap.  Is. )  Satano  Mtsaki  C 

C.  Napeff 

Oho-sima»  S  end  

C.  Cochrane 

AkatnidsuHd 

E  extr..  Sura  Saki 

Kosiki  Is.,  SW  pt 

Nadiejdarks o 

Taka-sima  or  Symplegades  ... 
Tsnkarase    or    Retribution 

rks.,  103f. 

Kuro-sima   or  Sta.   Clara, 

2160f.  sum 

Iwoga-sima,  Volcano  I.,2469f 
Take-sima,  ApoUos  I.,  81 6f. 
loeersoU  rks.,  450f.  SW  ext. 
Pallas  rks.  60f.,  small 


Lon.E 


38°  5»' 

38  34 
38  40 

38  56 

39  3 
39  " 
38  55 

38  16 

37  43 

36  43 
36  26 

36    8 

36    4 

35  37 
34  4» 
34    4 

34  *4 

34  " 
34  8 
34    8 

33  588 

34  " 

34  i'4 

33  «9'7 

35  6 

34  33 

36  6 

36  37 
34  19 
34    5'5 
34  "5 
33  5* 

32  37 

3*  41 

32  2 

33  *3 

32  44-8 

33  « 
32  18 

31  45 
31  26 

31  105 

30  58-5 

31  165 

31  3« 

31  47 

32  29 

3*  55*7 
31  38 
31  42 
31  27 

31  i9i 

30  50 

30  47*5 
30  49 

30  51 

32  143 


2i°si' 

21  39 

22  12 

a»  45 

23  10 

H  3* 

24  38 

a4  57 

24  40 

25  42 

26  28 
26  42 

25  50 

»5  55 
25  14 

25  7 

26  o 

*5  5» 

*5  59 

26  30 

»6  55 

27  22 

27  18-5 

26  56*5 

29     3 

28  40 

»9  33 

29  20 

29  13 

29    12 

30  6 
29  38 

28  35 

28  375 

28  24-5 

29  32 
29  51-5 

29  20 

30  3 

30  13 
30    8 

30  3» 

30  40 

3«     7*5 

31  25 

3'  3«'5 

31  46 

32  6 

29  42 

»9  35 
*9  45 

29  48 

29  56 

30  19 
30  27 
2q   28 

28     12*6 


(112) 


Places 


IS 

"fe. 

09 
J* 


Lat.N 


i 


6 

if 


::} 


I 


Nagarobe  or  Julie,  [ll],2297f 
Yakuno-sima,  ^  51.,C.  Yatake 
Tanega-sima,  NS  6 1.,  %  N  pt. 
Disaster  I.,  E  rks.  .... 
Pinnacle  I.,  Water  I.  . 
Kutsino-sima,  2230f.  , 
Suwa-sima,act.  volcano,  2706f. 
Sandon  or  Macedonian  rks.  33f  . 
Kikai-sima,867f.,fiunge'  \ 

low  I.,  [21.] } 

Sikok  I.,  W  pt.,  or  C.  Misaki 

S  extr.,  or  Isa-saki  

C.  Muroto-saki 

£  extr.,  or  Kamoda-saki 

Hiogo,  Kawa-saki 

Niphon,  S  pt.,  I.  off 

C.  Sima 

Omae-saki,  Ladylnglis  rk.lt 

Iro-o-Saki,  It.,  F. 

Yedo  G.  Yokohama  Hospl 

tal  square,    ®   

Tatiyama  bay,  Taka-sima 

a  King,  No-Sima  It.  F 

Inaboye-saki,  It  

Toyoma 

King  Kasan  I.,  [1 1.]  

Port  Nambu,  S.  Head 

NE  pt,  Rattler  Rk 

Vriesl.,  [21.]  Send   

Redfield  rks.,  lOf.  Southern.. 
Kosu-sima,  Tolcano  2000f.  ... 

Mikura  I.,  [1  l.],mid o 

Broughton  rks.,  65f. 

Fatsixio,  1826f.,  S  end 

Aoga-sima 

Bayonnaise  Id.,  26f. 

Niphon,  N  pt,  Omasaka-sima 

Tatsupi-saki  

C.  Gamaley  (Yokaisa) 

Bittern  rocks,  18f.    

Hatamura 

Tabu  sima,  E  extr 

Awa-sima,  NE  extr 

TaboU'Sima,  [1  1.]    

Sado  I., %  13 L,  N  pt  Yasaki 

—  South  pt 

Yutsisima,  [2m.],  f 

Astrolabe  rk.,  smaU,  200f 

C.  Noto,  700f. 

Okil8.,#121.,Npt 

MtnoSimal.,  [1  l.t,  492f.... 
Yeao  I.,  jiP  95  In  8  extr.,1 

or  C.  Sirakami / 

Ko-sima  I. 

O.  Sima  I.,  [2m.] O 

Hakedadi ^ 

C.  Yesan    

Volcano  B.,  P.  Endermo  H'. 

C.  Yerimo  (rks.  oflT)    

Akishi  B 

E.  extr.,  C.  Noysbap  h.  F  ... 

Skotan  I.,  Pk 

Kunashir  I.,  ^21  1.,  NE  pt. 

C.  Sirotoko  

N  extr.,  C.  Soja  

Romanzoff  B 

Ke^nnsiri  1.,  N  pt    


30°27' 
30  27 
30  50 
19  40 

29  51-8 

30  o 

29  38 

28  45 
28  18 

33  ao'5 

32  44-2 

33  >4 

33  5*5 

34  40'5 

33  »5 

34  >7 
34  3^-5 

34  36 

35  a6-5 

34  589 

34  53 

35  40 

37  o 

38  20 

39  33 
41  28 
34  40 

33  56-8 

34  M'* 
33  5a 
33  39 

33  3 
32  276 
32  I 

4>  35 
41  i6'3 

40  36 

40  31 

39  58 
39  11-9 

38  29-6 

39  3« 
38  i9'9 
37  50 
37  50*5 
37  35 
37  «8 

36  30 

34  48 

41  24 

41  21 
41  31 

41  47 

41  49 

42  19-9 

41  55 

43  a'4 
43  " 

43  48 

44  »5 

44  «8 

45  3» 
45  »5 
44  ao 


Lon.  E 


30O13' 

30  30 

31  4 
29  33 

29  56 

29  56 

29  44 

29  48 

30  o 


3» 

33 
34 


17 
11-5 

34  46-5 

35  12-2 

47 
54 
i5 

50 


35 
36 

38 

38 


39  39  » 

39  5»-a 

39  54 

40  54 

41  o 

4«  3> 

42  o 

41  31 

39  a7 

38  48*2 

39  8 
39  34 
39  «77 
39  50 
39  49 

39  59 

40  57 
40  22*5 

39  53 
39  3» 
39  »5 
39  34'a 

39  «6 

38  5* 

38  27'2 
38  15 

36  55 

36  54 

37  a* 

33  »3 
31  9 

40  II 

39  48 

39  »9 

40  437 

41  10 

40  59*5 

43  15 

44  517 

45  48 

46  40 

46  32 

45  13 

41  57 
41  48 

41   2 


ooS 
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MARITIME  POSITIONS 


013) 


Places 


^ 

^ 


pt,"l 


Taruri  Is.,  W.  I 

Oterrani     

C.  Tomamoy    

C.  Tsiki     

Okosiri  I..  #  4  I.,  S  pt. 
Itoarup  K  ,  ^  43  1.,  S 
C.  Ricord  

—  "NEpt.,"A.  pk. 
Ouroup  I.,  j*  17  1.,  SW  pt... 
Pyramid  rk.  off  N  and  E  pt... 
Torpoy  Is.,  2,  ^  3  1.,  N  one 
Broughton  I.,  [1 1.],  A,  ♦«  ... 
Simusir  I.,  ^  10  1.,  S  pt., ) 

orC.  RoUin  Pt \ 

—  EastPt 

Ketoy  I.,  [21],  S  pt 

Usbishir  Is.,  g^p>,^  31.,  S  pt. 
^  North  and  East  I.,Sred- 1 

noy,  [Im.]     J 

Rashau  I.,  [21.],  (rks.  SW-d.) 

Matana  I.,  Sarytcheff  Pk 

Haakoko  I.,  [ll.]»  Biim 

Snares,  [1 1],  i 

Tchirinkotaa  1.,  [II.] 

Sbiaahkotan  I.,  -^  4  l.,mid.... 

Ekarmal.,  [11.]  O 

Kharamamoukotan  I.,  sum.... 
Ounekotan  I.,  -^  2 1.,  SW  pt 
Monkonrusby  I.,  [21.],  mid. 
Poromonshir  I.,  #  20 1.,  S  pt. 

Shrinky  I.,  [2  l.J 

Soumshou  L,  NS  31.,  mid.... 
Alaidl.,  [2L],  mid 


k 

6 


CO 
•5. 


I 


Carean  Coast,  oontinjirtfm (III)  S. 

Dairelet  I.,  [3m.],  f,  NE  pt. 

CDuroch 

Broughton  B.  isl.  Hodo 

C.  Bruat,  1542 

Tuman  Ula  B.  entrance  

Expedition  bay,  Tchurkhoda 

IC.  Gamova,  Ic 

Eastern  Bosph«rus,  Skrypleff  I. 
Askold  I.  Nayezdnik  B. ...... 

Voatock  B.  Gaidamak  Uarb. 

C.  Sredni 

America  bay,  Astaphevapt... 

Wrangle  bay,  SW  corner 

Tcheniya  bay,  Takimooa  pt 

Siau  wubu  bay,  obs.  spot 

Olga    bay   (Port    Michael  1l 
Seymour),  Brydone  I.  ..•  J 
St.  Vladimer  bay,  inner  low  pt 

Shelter  B 

Suffrein  C 

I.  de  la  Prise 

C.  Monty  

Castries  B.,  Alexandrooaki  ... 
Pic  Lamanon,  outer  Cape  ... 
Langle  B   

Monneron  I.,  [21.],  mid 

Sagalin,  S  extr.,  C.  Crillon .  . 

Dangerous^ 

Salmon  Cove,  Japanese Fac-  ) 

tory,  *W ] 

C.  Aniva    


Lat  N  I  Lon.  E  I    (114)  Places 


Lat  N  I  LoD.  E 


44°  *4' 

I4i<>i6' 

43  i'7 

141  07 

43  *3 

140  28 

4»  38 

139  48 

4»  9 

139  »7 

44  39 

146  34 

45  38 

149  14 

45  39 

149  34 

46  17 

150  30 

46  33 

150  37 

46  42 

150  28 

46  49 

"51  37 

47  " 

152  8 

47  »7 

152  24 

47  33 

152  38 

47  39 

'52  44 

47  47 

«5a  55 

48  6 

153  12 

48  16 

•53  15 

48  35 

153  44 

48  44 

•53  H 

48  5» 

154  8 

49  0 

•54  8 

49  8 

»54  39 

49  19 

»54  44 

49  5» 

"54  3* 

50  50 

155  26 

50  10 

>54  58 

40  46 

156  26 

50  54 

>55  3» 

37  33 

130  56 

38  43 

128  14 

39  44 

127  34 

40  52 

129  44 

I 


I 


5 


Si 


N 


4» 
4» 
4» 
43 


17*6 

37*9 
33-8 
2 
42  44*6 

4»  5«7 

4»  44 
42  48*6 

4*  43*8 
42  496 

42  54-2 

43  41* 


i3o 
130 

131 

13' 
132 


37 

447 
10 

537 
157 


132  415 
13*  5« 


132 
133 
133 

133 


537 

4*a 
30*0 

505 


43 

537 

44 

30 

47 

50 

48  58  1 

50 

3» 

5» 

28 

4846 

47  44 

46 

8 

45 

54-» 

45  47  1 

46 

4" 

46 

2 

135  13-a 

135  26* 

136  o 
138  44 
140  24 
140  30 

140  49-5 

141  40 

'4"  57 
141 

141 
142 

142 


12 

58 
9 

33 


143  30 


3 

6 


1 

a 


C.  Tonin   

Robben  I.,  and  rf.,  NE  pt .. 

—  South-west  pt 

C.  Soimonoff. 

C.  Patience   

C.  Delisle  de  la  Croydre 

Down's  Pt 

C.  Loevenstern     

N  extr.,  C.  Elizabeth     

C.Maria   

C.  Goloratcheff. 

C.  Romberg,  at  mo.  of  R. ) 

Amour  j 

C.  Khabaroff. 

Reinecke  I 

Shantar  Is.,  E W  20 1. ,  £  one, ) 

I.  Procofieff,  r4m.],  E  pt  ( 
R.  Ouda,  mouth  

St.  Jonas  I.,  [Im.],  «i»o 

Okhotsk     

C.  Bligan  

C.  Pyagin 

C.  Ongon  

Bolsheretsk    

C.  Lopatka    

Mt.  Vilutcbin,  7O60f.  

Avatcha  B.,  S,  E  entr.,  It  .. 
-  St.  Peter  and  St  Paul,  Ch. 

C.  Shipounsky 

Kronotsky,  pk.,  10,610f. 

C.  Kronotsky   

Kluchevski,  vole-,  16,13 If. ... 

C.  Kamtchatka 

Behring  I.,  %  161.,  W  pt  ... 

—  South  pt 

Copper,  or  Mednoi  I.,  S  pt ... 

C.  Stolbovoi,Al 

C.  Ozemoi    

Karaghinsky  I.,  ^  201.,  N  pt 

—  South  pt 

C.  Olutorsky 

C.  Navarin,  A    

Bay  of  Archangel  Gabriel, ) 

NEpt,  orC.  King t 

C.  St  Thaddeus   

R.  Onemene,  I.  at  mouth 

B.  of  St.  Croix,  entr.  E  pt*... 

C.  Behring    

C.  Tchoukotsky    

C.  Tchaplin,  /,  pt 

Arakamchecben  I.,  E  pt 

Metchiffnie  B.,  entr.,  pt  /.  .. 

C.  Krleongoun 

St  Lawrence  B.,  E  pt  entr. 

E  Cape,  SE  extr 

C.  Serdze  Kamen 

Bumey,  or  Kolioutchin  I.,  S  pt 

Herald  I 

Kellett  land,  C.  Rainer 

.^——^  N.  extr.,  seen 
_.^_^  Mount  Long 


46O50' 
48  36 


48 
48 
48 
51 
5> 
54 
54 
54 
53 


28 

53 

5» 
I 

53 

3 

A 

17 
20 


53  «9 


53 
54 

55 

54 

56 

59 
58 

59 
57 
5» 
50 
5a 
5* 
53 
53 


30 
x8 


44 

25 
20 

40 

17 

58 

54* 

53 

47 

5»i 

I'd 

6 


54  45 

54  54 
56  8 

56  o 

55  17 
54  43 
54  33 


56 
57 
59 
58 

59 
62 


40 
37 

"3 

28 

57 
16 


62  28 


62 
64 

65 

65 
64 

64 


4» 

5 

29 

o 

"7 
»5 


'43' 
144. 

144 

'43 
144 

•4} 
>43 
'43 
14* 
142 
141 

141 

'41 

140 

138 

'35 
'43 
'43 
'5' 
56 

'57 
■  S6 


'3* 

33 

to 

2 
46 
43 
»4 
«5 
47 
x8 

58 
35 

3 

2 

»7 

»4 
16 

'4 
37 
'5 
45 
50 


22 

47-0 

43-5 
4 
33 
35 

4« 

xo 


156  46 

158 

158 

158 

160 

160 

162 

160 

163 

165  46 

166 

168 

163 

i6j 

.64 

163 
170 
178 


II 


»5 
'5 

38 
*7 
'9 
56 


'79  '4 


64  46 

65  3' 

65 

65 
66 

67 

67 


^9 

37 

3 
12 

27 


'79 
179 

181 
184 


30 

49 

'5 
6 


54 

5« 

o 

XI 

16 

20 


C.  North  

C.  Chelagskoi  

Bear  Is.,  E  or  Column  I 

—  West  oue 

Mouths  of  the  IndigirkaR.,E  pt 


71 

"9 

71 

8 

74 

15 

71 

*3 

68 

55 

70 

2 

70 

38 

70 

50 

7' 

0 

187  46 

'87  35 
187 

187 

189 

189 

190 

188 

J  84  24 

184  43 

183  24 

183     o 

'79 

'79 

170 

162 
160 

'5' 


45 
57 

47 
ao 

35 
40 


: 
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(115) 


Flaees 


a 

m 


a 

s 

;5 


C.  STiatoi     

LjakboTski  I.,  S  pt 

LUkhov  Is.,  EW701.,  New\ 

Siberia,  E  pt    / 

C  Mouractie,  mo.  of  the  lana 
Lena  R.,  iii<».t  N,  or  It  ho.  pt. 

Olen^k  R.,  mouth    

CL  Chelniskio,  N.  extr.  of  Asia 
Yenisei  Gulf,  W  pt,  or  NE\ 

Cape  of  Gulf  of  Obi / 

Bietoi  I.,  C.  Schubert 

Obdorsk    


35 

ft 

Q 


S 

.* 

c 

I 


R 

a 


u 


Shannon  Id.,  ^  8  1.,  Spt.,^ 

orC.  Philip  Broke / 

Pendulum  Is.,  S,  ^  5  1 

C  Borlaae  Warren   

C.  Broer  Huys,  20  I 

Bontekoe.  EW  S  L,  SE  pt... 

C.  Parry    O 

Thiilll.,  C.  Young o 

Canning  I.,  C.  Wardlaw...o 
LiTerpool  I.,  NS  23  1.,  S  pt... 

—  Church  Mt.,  296Tf 

Rathbone  I.,  E  pt 

C.  Brewster,  1 

C.  Barclay,  E  pt o 

Staten  hoek   O 

C.  Farewell,  vis.  30  L  

Fredericksliaab  Cb 

C.  Desolation    

Lichtenfels... 

Godlhaab  F.  S 

Holsteinburg 

Wbalefish    I^,   Kronprind- '\^ 

sens  I.,  9  fl.  Bt J 

Disco  I ,  ^  Issungoak  pt  ... 

—  North  point,  Iglorpait     ... 

—  Godhayn  

Waygat,  or  Hure  I.,  r5m.l  ... 

Black  Head    

Sanderson's  Hope 

UperniTik  

C.  Shackleton,  1400 

DevU't  Thumb 

Red  Head 

Sabine's  Is.,  SWone O 

C  York,  Immagen  

C.  Dudley  Digges,  1 ,  800f... 

Wostenholme  1.,  %  2  1 

Carey's  Is.,  Southern   

C.  Parry    

Hackluyt  Id.,  West  pt 

C.  Alexander    

C.  Isabella    

C.  Sabine 

Reiiffielaer  B , 

C.  Loui^  Napoleon , 

a  M»Clintock 

JoeL    

aBaird    

Thank-God  harb 

Discovery  barb , 

C.  Union , 


LatN 


73^  *' 
73  »o 

75  lo 

71  35 
73  30 
73  o 
77  33 

73  ax 

73  10 
66  31 


74  55 

74  40 
74  H 
73  »8 
73  ^9 

72  22 
72    16 

71  47 
70  26 

7«  4 
70  40 

70  II 

69  13 

59  50 

59  49 
61   59 

60  44 

63  3 

64  10 

66  56 

68  589 

69  39 

70  19 

69  139 

70  27 

71  38 

72  42 

72  46-9 

73  44 

74  »o 

74  58 

75  *5 

75  55 

76  8 

76  27 

76  40 

77  a6 

77  19 

78  IX 
78  x6 

7'  43 

78  37 

79  38 
79  58 
81  22 

81   32 

81   37 

81  43 

82  15 


Lon. 


East 
141°  30' 
140  15 

150  30 


'35 
126 

X18 

105 


30 
30 

50 
o 


76  24 


72 
66 


30 
36 


West 

17  33 

18  17 

19  23 

20  29 
40 

2 

5» 
o 

55 

37 

15 

o 

24  25 
40  39 

43  54 

49  44 
48     6 

50  47 

51  46 

53  4a 
53  H'o 


20 
22 
21 
22 
21 
21 
21 
22 


5' 

54 
53 


55 
36 
4* 


54  45 

55  50 


56 
56 


>5 
27 


56  40 
56  47 


57 

58 
66 

68 

70 
7* 
71 
7» 
73 
75 

74 
70 

7* 
70 

63 
64 
61 


15 

50 

33 

43 

5 

41 
8 

30 

21 

33 
>5 
53 
19 

50 

3" 

32 

37 


(116) 


Places 


I 


«§ 


V 


64    46 

61     8 


} 


3 


O 


s 


C.  Sheridan  (Sir  G.  Nares"! 

wintered  1875-6) J 

C.  Bryant .'.... 

Mt  Hooker 

C.  Britannia 

C.  Joseph  Henry 

C.  Columbia 

C.  Alfred  Ernest 

Port  Foulke 

Clarence  Head 

Cobourg  Id.,  Princess  Char 

lote  monument 

C.  Horsburgh  

C.  Osboru 

C.  Warrender  

C.  Bullen 

C.  Hurd,  1  

C.  Rilcv  

Cornwallis  I.,  C.  Hotham  .., 
N.  Cornwall,  Mt.  Greenwich 

Griffith  I.,%  81.,  S  pt 

Lowther  I.,  ^9  I.,  S  pt 
Bothurst   I.,    SW   pt., 

Cockbum,  k 

Byam  Martin  I.,  C  Gillmaii 
Prince  of  Wales  land,  Pal- 1 

merston  pt    / 

—  Pt  Allen  Young 

—  Cape  Sirinbume 

MelTUleI.,eF44l.,WinO 

ter  Harb.(Sir  E.  Parry  V  8 
wintered  1819-20)  ...J 

—  W.  extreme,  C.  Russell... 

—  N.  extreme,  Markham  I.. 
Prince  Patrick  I.,  Land's  End 
Polynia  Is.,  Ireland's  Eye 
Banks'  Land.  C.  M*Clure 

—  Bay  of  Mercy  (Investi 
gntor  abandoned  1853) 

—  Nelson  hd 

—  C.  Kellett   

Prince  of  Wales  strait.  Peel  pt. 

—  Princess      Royal 
(  M  *Clu  re           wintered 
1850-1)    

Ramsay  I.,  Prince  Albert  | 
land  (CoUinson  wintered  > 
1851-2)     J 

C.  lUnnel,  N.  Somerset 

Leopold  Is.,  N  one,  1,  E  pt 

Port  Leopold  

Batty  Bay    

Fury    Pt  (H.M.a   Fury] 
abandoned  Aug.  1825:  Sir  S 
J.  Ross  wintered  1832-S)  J 

C.  Garry  

Billot  Strait,  Pt  Kennedy  \ 

(M'Clintock  wintd.  1868-9)/ 

Victoria  Hftrb.,  (  Ross  aban- 1 
doned  the  Victoria  1 83 1  -2)  J 

Felix  Harb.,  M-Diarraid  I.  'I 
(  Ross  wintered  1 829-30)/ 

C.  Chapman 

Uae  Isthmus,  C.  Simpson  ... 


www 

'■} 


18.1 

ed,l 


LatN 


82*>26' 

82  23 
82  30 
82  51 

82  49 

83  7 
82  14 

78  18 

76  41 

75  39 

74  55 
74  »4 
74  ^* 
74  a» 
74  3» 
74  40 
74  38 

77  36 
74  *8 

74  »6 

75  3 
75  o 

74  7 

72  10 
71  12 

74  472 

75  14 
77  00 

76  16 

77  49 
74  33 

74  14 

71  2 

71  55 

73  20 

7*  45 


71  36 

74  7 
74  3 
73  50 
73  «3 

72  40-5 

7a  23 
72  2 

70  9 

69  587 

69  IS 

67  20 


Lon.  W 


6l°2l' 

54  46 
50  41 
48  40 
63  36 
70  23 

85  55 

73  o 
77  48 

77  45 

79  3 
81  42 

81  51 

85  o 

90  3 

91  48 

93  34 

94  4> 

95  *o 
97  40 

xoo  23 
104  8 

97  44 

loi  55 
99  00 

1x0  48'? 

117  40 
109  43 
124  6 

"5 
120 


30 
50 


118  15 

122  24 
125  28 

"3  54 
"7  44 


"9  5 

93*14 

89  53 

90  15 

91  8 

91  53 

93  »7 

94  14 

91  31 

92  I 

89  o 

87  a 


6f)0 


TABLE  10 


MARITIME   POSITIONS 


(117) 


Places 


< 


a? 


NikoldsPt 

Magnetic  Pole  (1831) 

Victoria  Strait  (Erebus  and  ^ 
Terror  abandoned  1S48)J 

C.  Felix    

Pt.  Franklin     

C.  Herschel 

Balfour  B.(Dr  Rae)  1854... 

Castor    and      Pollux     R.,n 
(Dcase     and     Simpson  y 
1839)    J 

Pt.  Ogle  

Smith  Pt 

O'ReiUy  I.,  [41.],  NWpt... 

White  Bear  Pt 

Milbourne  I.,  EW  6  I.,  E  pt. 

C.  Alexander   

C.  Franklin 

Victoria  Land,  Pt.  Back 

—  Gateshead  I 

—  Cambridge  B.  (Collin- i 
son  wintered  1852-3)  ...  j 

—  S.  pt,  or  C.  Lady  Franklin 
C.  Krusensiern 
Coppermine  R.,  mouth,  E  side 

C.  Bexley 

Sir  S.  Clerk's  I.,  SE  pt. 

Keats  Pt 

C.  Parry,  NE  pt 

C.  Bathurst 

Warren  Pt 

Pelly  Is.,  [1  1.] 

Mackenzie  R.,  Shoalwater  B. 

Mt.  Cupola  

Herschel  I.,  S  pt 

Pt  Manning    

(amden     B.,     ( Colli  nsoni 

wintered  1863-4)     J 

Flaxman  I.,  50f.,  N  side 

Return  Reef. O 

Pt.  Beechey 

Pt.  Barrow  (Noowook) 

Port  Mooie,  (Maguire  win-^ 

tered  1852-4),  Magnetic  I 

Observatory J 

BootMa  O.t  renuned/rcm  (116)  4 
C.    EngleBeld,    Fury    andl 

Hecl»  Strait J 

C.  HalloweU,  (N  head  of  do.) 

C.  Kater  ... 

Sherer*8  Mt. 

Port  Neill,  S,  N  pt 


® 


Port  Bowen,  (Pany  win-'l 
tered  1824-5),  Stony  L/ 

C.  York e 

C.  Crauford e 

C.  Hay 

Possession  Mt 

C.  Walter  Bathurst 

C.  Graham  Moore  ....O 

C.  Bowen O 

C.  Adair  O 

Agnes'  Monument,  1,  40f.  O 
C.  Kat.>r  O 


Lat  N 


70«»5' 
70  5 

69  49 

69  55 
69  28 

68  42 

69  5 

68  185 

68  14*0 

68  27 

68  12 

68  7-1 

68  32 

68  55 

68  38 

69  o 

70  25 

69  5 

68  33 

68  23 

67  485 

69  o 

69  22 
60  49 

70  6 
70  36 
69  47 
69  32 

68  49 

68  45 

69  34 

70  7 

70  8 

70  II 
70  25 

70  24 

71  23 

71  21-4 


69  51 

69  57i 

71  54 
73  3 
73  9*1 

73  I3'4 

73  50 
73  47 
73  5» 
73  30 
73  »3 

7»  54 

72  25 

71  24 

70  33 
69  12 


Lon.  W 


97^  o' 

96  47 

98  49 

97  55 

99  10 

98  2 

94  »i 

94  14 

96  4 

98  20 

99  o 

03  367 

04  30 
06  40 
09  4 

04  xo 
00  38 

05  10 
13  10 

13  41 
15  31  ? 
15  52 

18  25 

22   O 

13  35 
i7  35 
3»  35 

35  33 

36  27 

37  53 
39  3 
43  35 

45  49 

45  50 

48  30 

49  37 
56  22 

156  16 


85  30 

85  26 
89  59 
89  20 
89  I? 

88  54-5 

86  40 

8347 
80  o 

77  " 
76  44 
76  20 

75  »8 
70  48 

68  15 

66  53 


(118) 


Places 


C.  Searle o 

Cape  Dter  o 

Mt  Raleigh,  A o 

C.  Walsingham  O 

C.  Dacres O 

Leopold  I.,  [3in.]    O 

Cumberland     Sd.,     Nijad- 
look  Hr.  

—  Kingawa  Fiord  

—  Harrison  point    

Hall  I.,  Mt  Warwick o 

Frobisher  B.,  Jordan  R. 


Lat  N 


} 


;3 

•a. 

I 


I 


2 


} 


Resolution  I.,  ^  13 1.,  E\ 
pt,  or  C.  Warwick  ...  J  ° 

—  S  pt,or  Hatton's  Head-\ 
land,  or  C.  Best  J 

Lower  Savage  I 

Saddleback  I Q 

Middle  Savage  Is..., 

Upper  Savage  I.,  %  31.,  £  pt  O 

North  Bluff 

King's  Cape O 

Queen's  C O 

C.  Weston o 

C.  Dorchester  o 

Pt.  Peregrine,  (  Fox's  fiir- 1 
thest  NEward,  1631)./ 

C.  Chidleigb,  A    

Button  Is.,  NS  3 1.,  via.  7  h, 

NEpt 

Green  I.,  NE  pt 

Akpatok  I.,  [20  ].],  E  pt.  O 

C.  of  Hope's  Advance o 

C.  Weggs O 

Charles  I.,  E  pt O 

—  West  pt , O 

C.  Wostenholme ...O 

Digges  Is.,  W  extreme O 

Nottingham  I.,  %  14  l.,\  ^ 

Spt,  (8shl.  7m.)  ...J 
Salisbury  l^^dUB  pt 
Mills  I.,  Npt O 

C.  Konig 

Igloolik    I.,    EW  9m 

(Parry  wintered,1822 

3),  Ept   

Arlagnuk , 

Ooglit  Is 

Ooglit  L,  [2m.],  L 

C.  Jermain  

C.  Penrhyn 

Winter  I.,  ^  10m.,  i,  S^ 

pt ,  or  C.  Fisher  (  Parry  I  ® 

wintered,  1821-S)  ...J 
Baffin  I.,  ^  7m.,  SE  pt    ... 

Repulse  B.,  head 

Wager  R.,  S  cape  of  entr.  ... 
Southampton  Is.,  %  83 1.,  1  ^ 

NE  pt,  or  C.  Comfort/ 

—  E  extr.,  or  Seahorse  Pt  O 

—  C.  Pembroke  o 

—  S  extr.,  or  C  South- 
ampton  


e 


:} 


6701/ 
6644 

66  34 

66  o 
65  36 

64  54 

65  5 

67  8 

64  55 

62  33 

63  45 
61  40 

61  21 

61  35 

62  II 
62  12 

62  33 
6a  32 

64  27 
6445 

65  35 

65  30 

6635 

60  28 
60  45 

61   A 

60  10 

61  20 

62  25 
62  44 
62  50 
62  35 

6%   37 

63  10 

63  »7 

64  7 

69  28 
69  21 

69  12 

68  58 
68  24 

67  47 
67  25 

66  11*4 

65  40 

66  40 
65  10 

65  o 

63  40 
63  37 
62  6 


Lion.  W 


62O30' 

61  00 

62  18 
61  00 
61  50 

63  30 

64  15 

67  40 
66  15 

64  o 

6855 

64  30 

65  0 

66  7 

67  43 
67  40 
70  o 

70  a5 
78  o 
78  12 
78  12 

77  45 

76  50 

65  o 

^  53 
67  25 

67  5 
70  10 

73  45 
73  50 

75  ao 

77  50 
7«  35 

78  4 

76  40 

77  50 

79  50 
81  31 

81  30 
81  4 
81  30 
81  58 

81  18 

83  lO'O 

83  29 

86  50 

87  28 

82  50 

80  10 
82  20 

84  50 


■ 


TABLE  10 


661 


MARITIME  POSITIONS 


aw) 


I 

I 


I 

•5 


Torres  I.,  [41.],  S  pt. O 

C  KendsU 


Lat.N 


Weggs  I.,  small,  (entr.  of  \  . 

Chesterfiead  inlet) f  ^ 

Marble  I.,  £  part o 

Whale  oove o 

C.  Eskimaiiz o 

Charchill,  foit  O 

aChoichill  ._. o 

York,  factorjf  r,,,  r  

Fife-fiithom  Hole 

C.Tktnain O 

Serem  Fort o 

C.  Lookout o 

C.  Henrietta  Maria 


Albany  Fort o 

Moose  Fort 

Raperrs  house O 

E  Main  Fort O 

North  Bear  I O 

Agomska  I.,  -^If  17  L,  E  pt.  O 
Soatfa  Cnb O 

Long  I.,  -JK-  6L o 

Bk£nond  B.,  cotr o 


Sooth  Bekfaen O 

King  Ckorge's  la. O 

Sleepers,  N  part O 

Brothers O 

North  Sleepers O 

Portland  Ft o 

Smith  I O 

Mansfidd  I.,  ^  19 1.,  N  pt.  O 
—  South  point O 

Lairad9rCoa$tcomlimJ^mm(llS)t 

C.  Chidleigfa,  A 

Eclipse  hurb.    

NakvakB.,H.B.  Co.  Post... 

Hebron  Mission  Station , 

MtThore8by.2778f.,Pi;rt"( 

Manners,  w»b J 

Nain ' , 

Hopedale  barb.  Obs.   a 

lAillik  barb.,  H.B.  Co.  Post . 

Webeck  barb 

lodiao  harb.  Obs.     ® 

Cttrtwright  hb.,  Caribou  castle 

Greadj  hart) 

Indian  Tick  le,Indian  Id.,  S60f. 

Roundhili  1,  174f.  

Occasional  harb.  Oba. 

C.  St.  Leiria,  St.  Lewi«  rk. 
Battle  la.,  NE  pt  of  SE  Id. 
Table  Head  


63^10' 
63  4» 

63  25 

61  33 

62  10 

61  50 

58  44 
58  50 

57    o 

57    o 

57  H 
56    1 

55  *7 
55  10 

52  15 

5>  «5 
51  2S 

5*  »3 

54  *4 

53  o 

54  I 


I 


55 

5« 
5^    o 

57  30 

58  25 

58  42 

60  3 

58  4S 

61  o 

62  23 
61  31 

60  28 

59  4« 

59    » 
58     6 

56  54 


Lon.W 


o    o' 


55 
55 


a 

a 


Belle  Isle,  ^  9m.,  It  ho.... 

Newfoundland,  %  106  I., 
Quirpon  I.,  N  pt,  or  C. 
Bauld,  T     

Ben  L  (Send) 

C.   St    John,    Tilt    cove,) 
(Union  Copper  Mine)  ...  ) 

Funk  I 

Offer  Wadham,  It  ho 


3»*9 
27*1 

1 2*2 

54  54'5 
54  »6  9 
53  4»*6 

53  4« 
53  343 
53  »6 
52  40 

52  »i'7 
52  16 
52     6 

51   S3 


51  388 

50  42-2 
49  53*0 

49  455 
49  357 


87 
87  15 

92  so 

91  6 

93  o 

94  30 
94  14 
93  10 

92  26 
9a  19 
91  10 
89  15 
85  20 
82  30 

82  o 
80  56 

78  38 

78  4* 

80  50 

81  5 

79  55 

79  o 
77  »7 

80  c 

80  30 

81  o 
80  32 
80  50 

79    * 

79    o 

79  50 

80  25 

65    o 
64     7*2 
63  30 
62  55 

6%    7 

61  40*5 
60  11*7 

59  "'5 

55  2 

57  '^7 

56  597 
56  »57 
55  58*5 
55  36 
55  44» 
55  37*3 
55  33 
55  43 

55  "'a 


55  a5 

55  35*5 

55  37'2 

53  107 
53  450 


(120) 


Phioes 


6 

(4 


Tonlingnet  Is.  (E  side  of) 
WId.)   ) 

Seldome-come-by  harb.  ( 
(Shiphill)  J 

C.  Freel8(GuUL)   

Greenspond  I.,  171f.    

C  Bonayista,  It  bo 

Catalina  harb..   Green   I.,  ^ 

Itho ) 

Bonaventure  Head  


•X8 

I 


s 


Co 


New  Perlican  Bloody  pt 

Baocalieu  I.,  It  ho 

Harbour  Grace  (It  ho.  on ) 

(beach)  J 

C.  St  Francis  (NW  extr.)  .. 
St.  John's  H.(Chainrockl 

battery) ) 

C.  Race,  It  ho 

C.  Pine,  Itho 

Trepassy  harb.  (Shingle  neck) 
C.  St.  Mary  (It  ho.)    

Placentia  harb,  (  S  chan. ) 

Burin  harb..  It.  ho 

Lann,  Gt.  Laun  R.  C.  Ch.  . . 

St.  Pierre  1.,  Galantry  It.  ) 
ho J 

Brunet  I.,  Mercer  s  head  ( 
It  ho ) 

Burgeo  I.,  SE  pt  of  large ) 

I J 

La  Poile  Bay,  Great  Episc. ) 

Ch f 

C.  Ray,  S  extreme   

Cod  Roy  I.,  S  side  of  Boat ) 

harb ) 

C.  St.  George  (Red  I.,  SE  I 

pt.) / 

Cow  head  (NW  extr.) 

Port  Saunders  (NE  pt.  of 

entry)     

Rich  Pt.,  W  extr.  of  high 

water 

FerroUe  Pt.  (Cove  Pt.  NE  i 

extr.) J 

Flower  Cove,  (Capstan  Pt)... 
Green  I.  (150  fms.  from  NE  ) 

end;    J 

C.  Norman  extr 

Chateau  B.,  Castle  I.,  S  pt... 

Wood  I  ,  [2m.],  Spt 

'.  Bradore  hills,  sum.  I135f. .... 

Old  Fort  I.,  tUm.] 

Shag  rks 

Eagle  harb.,  E  side,  entr 

Grt.  Mecatina  I.,  %  3|m., ) 

-*::^,  SEpt / 

Murr  Is.  and  rks.,  [ll.]>) 

Eextr f 

Little  Mecatina  L,  ^  6m., ) 

Spt / 

St  Mary  rks.,  [2m.],  S  pt. ... 


' 


LatN 


49°39'5 

49  368 

49  »5*3 
49  4*3 
48  42'c 

48  30-2 

48  16-9 

47  55' 

48  9 

47  4>'4 
47  48-5 
47  34'o| 

46  394 

46  37- 1 
6  433 

6  49- 5 

7  14*9 

47  o*4 
6  56-5 

6  46*0 

7  15-5 

47  3^'S 

7  39'8 
7  370 

7  5»*5 

8  33-8 

9  553 
o  38-5 

0  41*6 

1  2*2 

I     l8*2 

I  24*2 

I  38-c 

I  58 

I  23 

>  34 
X  22 

I  xo 

I     o 

o  44 
o  42 

o  31 

o  13 


o  o 


Lon.W 


4%6'2 

4  12*0 

3  a5*» 
3  337 

3    4'5 

3     »•» 

3  23*6 

3  »»'5 

»  47*5 

3  «»'5 
2  48*0 

2  40*7 

3  4*3 

3  3"7 

3    22*2 

4  I '•5 

3  57*5 

5  8-7 

5  32*0 

6  9*0 

5  5"7 

7  36*2 

8  24-2 

9  18-2 

9  »37 

9  '3* 

7  50*0 
7  i8*o 

7  a4'* 

7     »7 

6  44*5 

6  337 
5  53'* 

5  5» 

7  8 
7  12 

7  47 

8  18 

8  41 

8  53 

8  50 

9  21 
9  45 


562 


TABLE  10 


MAUITIME  POSITIONS 


(121) 


Plaoes 


e 


1 


® 


® 

• 

Jo 


I 


South  Maker'B  ledge»  [1^]  .... 

C.  Whittle,  (rks.  j-  3m.)  

Natashquan  Pt.,  S  edge,  (R. ) 
mo. -^4111)  ) 

Min^n  Is.,  EW  15  l.,Bowen ) 

T^s.f  E  extr j 

ColliDs'  shl.,  -f^  2m.,  7,  S  pt. 

j  Clearwater  Ft.,  SW  extr 

Mingan  patch,  [iniO*  * 

Riv.  St.  John,  entr.  E  pt 

Seven  Is.,   E  one,  or  Grt. ) 
Boule,  [2m.],  695f. j 

GrC  Cawee  I.,  [f m.j,  250f.  ... 

Pt.  Moots  It.,  F  ll2f.    ^ 

Quebec,  EB,  N£  bastion     

Quebec  Obaerratory 

Wulfe  &  Montcalm's  Monument 

Green  I.,  It.  F  60f. 

C  Chatte,  extr 

St.  Anne's  Mounts,  NE  one, 
3973f. 

C.  Magdalen,  {xvr.  E-d.) 

C.  Gasp^,  flower  pt,  rk.  off,  j 

Douglas  town,  S, 


) 


) 


A.nticosti  I.,  ^  41 1.,  E  pt,  or ) 
Heath  Pt.,  It  F  llOf.,  £..  J 

Shallop  Creek,  £,  entr 

South-west  Pt.,  /,  It.  R  1",  \ 
lOOf.,  E f 

Ellis  Bay,  Q,  W  entr.,  or  C.  \ 
Henry 

Bonaventure  I.,  [l^m.],  1, 

250f.,  li  B 

Leander  shl.,  [|m.],  1 

Macquereau  Ft 

Chaleur  B.,  Carlisle 

—  Dalhousie  I 

Miscow  I.,  -JB-  8m.,  NE  pt,  \ 

PtBireh  j 

Miramichi  B.,  Portage  I*i  -^ ) 

4m.,  Npt / 

Pt  Escumenac,  It  F  70f. 

Richibucto  Harb.,  CS,  mo 

Fort  Monckton 

Prince  Edward's  I.,  ^  33L, ) 
N  Cape,  (rks.  UmJ)  j 

Richmond  B.,  ffi.  Royalty  Pt... 

East  Pt 

Charlotte  town,  fort  George,  \ 
fl.  St j 

Magdalen  Is.,  ^  19 1. 

—  Bird  Is.,  2,  [7c] ,  E  one,  \ 

140f. / 

—  Bryon,orCro8sI.,%4m., ) 

w,  Ept / 

—  East  I.,  £  extr 

—  Doyle  rf.,  [3c],  J,  J 

—  Entry  I.,[14m.],  580f.,  i... 

—  Amherst  I.,  550f.,  w,  IS,  | 

SWpt 

—  Deadman  I.,  [3e.],  j  W, 

rf.  £ 

St.  Paul  I.,  ^  3m.,  4&0f.,  w  1 
SW,  It.  at  Npt  F140f...J 


LatN 


® 


} 


50    9 
50  II 

50    6 

50  14 

50  10 

50  12*6 

50    9 
50  i7*a 

50    9 

49  507 

49  X9'7 
46  49-1 

46  48- 5 

46  48*6 

4^     3'4 
49     6*0 

48  52 

49  «5*6 
48  45-2 

48  46 

49  5*4 
49    9 
49  as* 

49  47'8 

48  29 

48  25 

48  12 
48     I 

48  4-4 

48     I 

47  14 

47     5 
46  42 

46  3 

47  4 

46  34'o 
46  27 

46  14*0 


47  S>'o 

47  48*0 

47  37'7 

47  35 

47  17 

47  >4 

47  j6 

47  >4'o| 


Lon.W;    (122) 


Placet 


59''58' 

60  8 

61  44 

63     I 

63     5 

63  177 

64  9 

64  21*0 

66  18 

67  I 

67  22 

71  137 

71  12*2 

71  13-5 

69  26*0 

66  46*0 
66  49 

65  22*0 
64  10*0 
64  23 

61  452 

62  35 

63  36*0 

64  23«5 

64  10 

64  x8 

64  48 

65  16 

66  22*2 

64  31 

65  2 

64  46 
64  51 
64    4 


63  43-0 
61  58 

63    7*o 


61     9'7 

61  25*2 

61  24*5 
61  15 

61  42 

62  2 
62  14 

60    9*0 


.9 

I 


C.  Breton  I.,  -f-  33 1.,  C  North 
St.  Ann's  Harb.,  B,  w,  £  pt  I 

entr. | 

Sydney  Harb.,  S»  U.  at  E\ 

side,  entr.,  F70f. } 

Scatary  I.,   EW  21.,   }  E/\ 

NEpt,  It  RU-90f.,}2m./ 
Louisburg,  S,  w,  b  F  120f..... 

C.  Portland  .....*. 

C.  Hitchinbroke 

Madame  I.,  EW  9m..  S  pt.  ... 
Port  Hood,  S,  w,  b,  Just-au- ) 

Corps  I.,  at  entr / 

C.  St  Lawrence 

Sable  I.,  EW  7  m,E  end 

NW  bar,  NW  extr.,  ? 

Pictou  Harb.,  [Q|,lts.  2  F...9 

C.  St  George 

Gut  of  Canso,  NW  entr..  It.  \ 

F  UOf. ) 

Chidebucto  B.,  C.  Canso,  (off\ 

E  extr.  of  Not.  Scot) / 

Cranberry  I.,  It  F,  (Bass  rk.  \ 

Ed.  2m.)  i 

White  Head  I.,  S  pt  Fl.  10"5&f. 
Country  Harb.,  S,  Green  I. ) 

off / 

Wedge  I.,  200f.  ? 

Liscomb  Harb.,  S,  I.  at  entr. ) 

Ept 

Ship  Harb.,  S,  Briers'  I., 

w,  b.  Bear  !J^.  8f.    

BrigA.,  7f.,  J  ....^. 

Pollocic  n.,  [|c.],  94f.   

Halifax,  EB,  [Q,  Dkrd.  tablet 

Sambro  I.,  It  115f.,  i2m 

Pennant  Ft 

Margaret's  B.,  S,  Shut-in  I. .. 

Tancook  I 

Malaguash  Harb.,  S,  Cross 

I.,  [14m.],  It,  2  Its.  Vert. 

dist  31f.  

C.  Le  Have  1,  I07f.,  (Bkcki 

rk.,  Im.)  } 

Coffin  I.,  It  R  2«  80f.  

LitUe  Hope  I.,  [2c.],  21f. 

GuUrk.  P51f. 


Lat.  N  I  Lon.  W 


47^ 


I 


46  21 
46  16 
46    2 


$'  .6o«^25' 
60  27 

60    8 


45  53 
45  50 
45  34 

45  *« 

46  o 

47  » 

43  59 

44  I 


59  41 

59  57 

60  6 

60  42 

61  3 

61  36 

60  38 

59  46 

60  38 


45  41-5^  40? 
45  5» 

45  4i-« 


45  >8 

45  ao'o 
45  "* 
45     6 
45    o 
44  59 

44  44 

44  38 
44  33 


61  52 
61  29*5 

60  56 

60  56*0 

61  8 

61  32 
61  53 

61  56 

62  45 

62  57 

63  5 


Shdbume  Harbour,  9  ,  ) 
M'Nutt'sI.,  SEpt.,  1,  r,  { 
w,  2  Its.  FTert ) 

Brazil  rSc.,  [3  yds.],  ?f. 

C.  Sable,  (SE  pt  of  »ma]I  I., 
/,  1^,  W  end  advancing  Im. 
in  4  years),  1,  )  3m 

Blonde  S-,  small,  i 

Seal  I.,  [2m.],  S  pt,  i  l^m.,  \ 

t.  It  F :. ./ 

Tusket  Is.,  Pubnico  barb.,S, 
r,  w,  b,  entr 

Gannetrk.,  36f.,  /^,  ()  shl. 
J- 2m.) 

C.  Fourchu,  A,  ♦_,  It  R  1^ 
117f. .^ 

Lurcher  i¥.,  ),  small,  isf.  ... 

C.  St  Mary 

Bryer's  I.,  #  4m.,  It  F  92f. .. 


44  39*7^3  35'5 
44  26-363  33 

44  *7     63  37 

44  34    1^3  54 
'64    6 


44  a9 
44  *o 

44  " 


64    7 

64  iS 

44  3  1^4  3^ 
43  49  1^4  45 
43  4«    65    7 

43  37-5:65  «« 

43  *a    1^5  «5 

43  »4    *5  3« 

43  *®  *5  57 
43  H    *S  5« 


43  37 
43  38 
43  47 


I 


65  52 

66  6 
66  10 


43  54    .55  *5 

44  7    66  II 

44  16    66  SI 


TABLE   10 


563 


MARITIME  POSITIONS 


(l») 


LatN 


L011.W 


(124) 


Places 


LatN 


Lon.W 


I 


Annapolis  harb. ,  S,  Pt.  Prim, 

S  aide  entr  a  It,  F 

dow).  76f. 

BUu:k  rk.  Pt.  It.  F  45fl 

j  Hante  I.,  [lim.],  k,  E,  sandy  ) 

I     pt.»w,  *  / 

C.  Chig;necto,  A,  j 

!C.  Enng^»  It.  F  I5If. 

4e    Qnaoo,  It-  R«  20» 

I   Qnaco  ledge,  [1  L] O 

{   C.  Spencer 

§   SL  John's,  ffi^Partridgel.,)  ^ 

^\   itFa9f. /  ® 

C.  LepreaUf  Its.  2  P  vert 

Wolf  Is.,  ^  3]m.  1  J,  lOOf.,  \ 

Northst.  / 

Btang,  harb.,  S,  tower  S  pt.... 
St  Andrew's,  S,  S  pt.  It.  P.. 
Phssamaqnoddy  B.,  Campo- ) 
bellol.,  IcNpt.,  F64f...i 

.  Qnoddy  Hd.,  It  P  I33f. 

, Old  Proprietor  shl.,  [Jc],  2... 

Grsnd  Manan,  -jf-  I4in.,  w,  \ 

I     r,nW,>^NEpt ] 

.Gannet  rk.,  small,  It  Fl.  }".... 

Labby  I.,  off  Macfaias  B., 

•  Machiaa    Seal    Is.,    2    lts.1 

Sj     F i 

I  'Nash's  I.,  entr.  Pleasant  B., 

^1     F'47f. 

'Petit  Manan,  S  pt.,  It  Fl.  2* 

125f.  p  2  to  5m.)  

Baker's  I.,  It  Fl.  li  105f... 

Costine,  It  P  llOf. 

Owl's  Head  B.,  It  NE  pt  F .. 

Mt  Desert  rk..  It  F  65f.  bell.. 

Casbe's  Ledge,  yj,  \  [Im.]  .. 

I.  Hante,  ^  5m.,  Saddleback  \ 

Ledge,  to  E-d.,  It  F  51f..  f 
Matinicus  I.  and  rks.,  [4m.], ) 

2  Its.  onSrk.,  F  76f.....  j 
White    Head,    1,    It     F, 

70f.  

Manhegan  I.,  [Im.],  j,  It  ^ 

Rl"175f. j 

Penmaqnid  Pt.,  It  F  75f. 

Townshend  Harb.,  It  F61f.... 

Seguin  I ,  It  F  170f.  bell 

Cashe's  ledge,  7|,  [hn.] 

Portland,  S,  City  Hall 


44O4,' 


6S°4S' 


45    ID'S  64 

45  «S*>|^S 

45  i9o;^4 
45  1^  ^4 
45  13  ^S 
45  "4  05 
45  "     65 

45  14*166 

45     3'7  66 


44  59*5 


45 
45 


4 
4-3 


c 

M 
< 
CO 

c 

t  * 
z 


] 


L 


—  It,  W  entr.,  F  80f. 

C.EIi2abeth.2  Its  ,  [300yda.]>  \ 

R2-,EltF,(Ss.-t4m.)./ 
Wood  I.,  entr.  Saoo  Harb.,  \ 

ltRl»63f. / 

Agamenticas  Hills 

C.  Porpoise,  Goat  I.,  SWpart,  \ 

ltF38C / 

Bald  Head 

Boon  I  ,  [)mO>  ^  It.  F  133f... 

York  Harb.,  mjj 

Whale's  back.   It  FL  li*  ) 

58f. ( 

Portsmouth,  fort  Coostitation  \ 

ltF70f. f 


44  57 

44  48 
44  30 

44  46 

44  30 
44  3»-5 

44  »9 

44  »7 

44  aa 

44  n-5 
44  »7 
44  4 

43  58 

4*  5^ 

43  59 

43  46 

43  57 

43  44 

43  48 
43  48 
43  41*6 
41  50 

43  39*a 
43  39 


4« 
o 

58 
29 

20 

10 

55 

35 

27 

4» 
49«o 
3 


66 

66 

67 

66  55 

66 
66 

66 

66 

67 

67 


57 
37 

43 

46 
22 

5 


67  43 

67  5* 

68  8 
68  45 
68  59 

68  8 

68  51 

68  36 

68  49 

69  4 

69  18 

69  29 
69  30 
69  4^ 

69  4 

70  15*2 

70  17 


43  33'6!70  11-5 


43  *7 

43  13 

43  »i 

43  »3 
43  8 
43  9 

43  3 
43  3*5 


70  19 

70  41 

70  15 

70  34i 
70  29 

70  39 

70  41 

70  43 


e 

-ft 

9 


^ 


•< 

& 

o 

H 

as 


® 
4( 


Is.  of  Shoals,  [3m.],  8  or) 
White  I.,  It.  Rf^  Ii«.  87f.  / 

Newbnry  Port,  CD,  bar  7f., 
2  leading  lU.  F  on  N  pt 
of  Plumb  I.,  moTable 

Ipswich  Bay,  2  Ito.  R,  F,  E  It 

Annis  Squam  harb  ,  GD,  it  F  50f. 

C.  Ann,  Its.  NS,  on  Thatcher ) 
I.,(2m.off),2F98f.,Nlt,5 
(Salvages  N-d.,  2m.) ) 

C.  Ann  Harb.,  S,  It  on  Ten) 
Poundl..  F49f / 

Salem,  S,  City  Hall 

Baker  sI.,[im.],2ltB.F87, 64f. 

Marblehead,  It  F  43f. 

St  George's  shls.,  EW  7  1.,  1 

SW,  orshl.  part,  i  j 

Little  George's,  [7]  

Boston,  S,  Cambridge  Obs... 

—  N  side,  main  outer  eotr., ) 

It  Rli'»87f j 

Scituate,  ED,  It  P.  49f. 

Plymouth,   S,  Gurnet   Its.,) 

2F93f. } 

Barnstable,  OQ*;,  bar.,  It  F33f. 

Billingsgate  I.,  It  F  40f. 

Race  Pt.,  It  FL  U"  35f 

C.  Cod,  high,  or  Truro,  It) 

F17If. / 

Long  Pt,  C.  Cod  Harb.,  EB,  \ 

It  F28f. ] 

Nausset  3  Its.,  F  93f. 

Chatham  Harb.,  2  Its.  F  70f., ) 

S  one J 

Monomy  Pt.,  It  F  33f. 

Pt.  Grammon,  It,  (shL  E  6m.) ) 

F70f. f 

Nantucket  I.,  EW  5 1.,  (Shls. 
"Rip8."E-d.41.),  N,or 
Sandy  Pt,  It  F  70f. ) 

—  Brant  Pt.,  town.  It  F  43f... 
Nantucket,  S  shls.,  old  do., ) 

J*24m.,  Npt / 

—  New  do.,  EW  2im.,  S  pt.  I  f. 
Martha's  Vineyard,  EW  61.,) 

NE  pt,  or  C.  Poge,lt  F  55f.  f 

—  HolmesHarb.,  n,W  Chop ) 

It  F60f. ) 

--  W  pt.  Gay  Hd.,  It  Fl.lO* 
172f.  

Noman's  Land,  [Im.],  stat ) 
mid j 

Cuttehunkit,  F  42f. ) 

atSand  W  pt.  of  Id.    ...  j 

New  Bedford,  m,  Dumpling, 
or  Round  Hill  It.  F  43f., 
(Clarke's  Pt  It,  N43^E 
ofdo.)F67t  

Seaconnet  Pt 

Bristol,  Episcopal  Ch 

Providence,  Coll^ 

Newport,  Court  House 

Beaver  tail  pt.,  or  Rhode  I. 
It..  It  F80f. 

Pt  Judith,  It  R  U»  67f.... 


0.0/ 


42^58 

4a  48-5 

42  41 
42  39-8 


70° 37' 


70  49*0 

70  47 
70  41 


42  38-4  70  347 


42  37 


42  31* 
42  32*2 
42  30- 


70 

70 
70 


570 


270 


41  43 

41  IS 

42  22*5 

42  19-7 
42  12*3 

42    0*2 

41  43-2 

41  51-6 

42  37 


67 
68 
71 
70 

70 

70 

70 
70 
70 


42    2*4  70 


40 
54-0 

47*5 
5« 

47 

o 

7*7 

537 

43'? 
36? 

i6*5 

4-5 
15*0 

40 


I 


42      2*1 

41  51  6 

41  40-3 

4«  33*6 
41  36-6 

41  23 

41  175 
4'     5 

40  57 

41  25«2 
41  28-8 
41    20*9 

41    15-2 

41   25 

41    32*2 

41  26-5 
41  40*0 
41   496 

41  295 

41  26 
41  23 


70  io'5 
69  57'? 

69  57*? 

70  o*o 

70  16*2 

70    3 

70  5*? 
69  50 

69  50 

70  27*5 

70  36*2 
70  50-5 

70  49*0 
70  57 

70  557 

71  13-5 
71  17-2 
71  247 
71  19? 

71  24^ 

71  30 


564 
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MARITIME  POSITIONS 


(125) 


Places 


^ 

e 


® 

I 


CD 
M 

< 


Q 
H 

H 

^« 

Z 


8 

I 
I 


Stoningtoii,  town,  S  pt.,  It. ) 

P50f. :. } 

New  Lom^on,  It  W  entr.  F  86f .. 

Goose  I.,  It.  Fl.  98f. 

New  Haven,  S,  It.  on  Five ) 
mile  Pt.,  P  93f.  ) 

—  Yale  College  

Norwalk  I.,  It.  R''  l^^"  4af.... 
Block  I.,   NS  5in.,  N  pt.,i 

2lte.  F50f. f 

Long  I.,  ^  34  L,  E,  or  Mon-  \ 

tauk  Pt. ,  It.  F 1 60f.  (rf .  2m.)  / 

New  York,  S,  City  HaU 

Fort  Tomkins,  It.  F  89f. 

Prince's  Bay,  It.  F  107f. 

Sandy  Hook,  3  Its.  F90f. 

—  h.   T.,  n,   2  Us.   45f.,  1 
45f. } 

Nevisink  Its.,  2,  [100  yds.],) 

Sit.  R248f. J 

Barnegat  Inlet,  S  side,  It.  P, ) 

(shl.  2m.) / 

Little  Egg  barb.,  S,Tacker's  ) 

I.,  Npt / 

Ort.  Egg  harb,  [Q,  bar,  entr.... 
Five  •fathom    shl.,  ^  4m., 

i,  >,  It.  V.  SW.d.  hiY, 

21ts.  F    

C. May,  (sbls.  SW), It. Rl\m\ 

84f.  / 

Brandywine  shl.,  It.  t.  W  of) 

Sptr,  2  Its.  40,  50f,  ...  } 

Egg  L,  It.  F  45f. 

Cobanzey  Creek,  It.  F  46f.  . ... 
Philadelphia,  State  House...® 

Reed  I.,  It.  F55f.  bell 

Bombay  Hook,  It.  F  46f. 

Salem,  City,  Church  

Mahon's  Ditch.  It.  F30f. 

C.Henlopen,(J21.SW),lt.|  ^ 

2F180f.  33f. /  ® 

—  Bearonlt  ,W  end  of  Break-  i 
water,  Fl.  f"  47f.  beU... } 


Lat.N 


41*' 19^6 

41  18-9 

41  13 

+1  14-5 

41  185 
41      2*8 

41  13-4 

41    4-2 

40  42-7 

40  36*0 

40  jo-4 

40  27*6 

40  27 

40  23*7 


Lon.w!   (126) 


1 


Places 


Asseateague  I.,  -g|^  6  I ,  /,  S ) 

end.  It   F  shIs.  off. \ 

Smith's  I.,  ^  10m.,  Z,  E  pt., ) 

It.  R { 

C.  Charles,  (shIs.  off) 

Baltimore,  Battle  Monument 

Annapolis,  State  house 

Pt.  Look.out,  It.  F 

Washington,  Capitol 

Washington  Naval  Observatory 

New  Pt.  Comfort.  It.  F 

Back  river   pt..  It.   R   1^'M 

35f.  I 

C.  Henry,  It.  F  129f. 

Oregon  Inlet.  It  rev.  90f.  

C.  Hatteras.  /,  sand.  (shls.  3  L.  1 

SE),  It.  Fl.  i-  150f. ) 

Ocracock  Inlet,  It.  N  side,  F I 

75f.  J 

C.  Look-out,  (shl.  -^31.,/,)! 

It.  F156f.    ( 

FortHampton,BeAufortlDlet,  i 

bar  m«  2  Its.  F J 


38  55-8 

38  59 

39  »o'4 
39  as 
39  57-0 

39  30 
39  a>'7 
39  34'5 
39  "o 

38  46*6 


7i°5V5 

7*  57 
72  42 

7*  54*5 

72  56-5 

73  aS'5 

71  35 
71  52*0 

74  o 

74  3' 5 
74  13? 
74    07 

73     5» 

73  59*5 


39  45*9 

74  7"o 

39  30-8 

74  >7-5 

39  J9 

74  35 

38  51 

74  3« 

74  58-5 

75  8 

75     9 

75  17 

75     95 

75  35 

75  3' 
75  36*0 

75  *5 
75     6'o 


3847-875     6-7 


37  55 

37     7 

37  7 
39  ^7'A\ 

38  587 
38     2 

38  53*4 
38  536 
37  18 

37  5 
36  56 
35  48 

35  >5 

35     6s 

34  37 
34  4* 


75  »> 

75  5* 

75  58 

76  37'5 
76  29*7 

76  19 

77       2'0 

77  »'7 
76  16 

76  16 

76    o 
75  32 

75  30 

75  58 

76  36 

76  41 


Lat.N 


L0B.W 


8 


1 


-s 


e 


E 


New  Inlet,  Federal  Pt.,  It 

F46f.  

C.  Fear,  shl.  4r  5  1 

Fryingpon  ahls.  It.  v.  2  Its. 

F40f.  

Smith,  or  Bald-hd.  I.,  It.  F 

107f. 

North  I.,  S  pt.  03,  bar  sf., 

entr.  It.  F  85f.    

Georgetown . 


C.  Roman,  I,  ^^,  It  R  87f., ) 

(shl.  SE-d»  6m.) ( 

Charleston,  S,  fort  Pinckney  0 

—  Light,  F.,  Sullivan's  I 

N  Edisto  Inlet    .-. 

Beaufort,  Arsenal    

Port  Royal ,  QB, entr., It. v.,  7 ,  S-/f. 
Savannah  Riv.,  Q],  S  entr.,  { 

It  Fl50f.    ] 

—  Town,  exchange 

Sapello  Sound,  bar 

Doboy  Sound,  Npt , It  R  5"  74f. 

Darien,  town 

St.  Simon's  I.,  It.  on  S  pt.,F  80f. 
Cumberland  1.,  -jf^  5 1.,  N  pt., 

(entr.  St.  Andrew's  Sound), 

ItF 

Amelia  I.,  %  13m.,  N  pt,  (S  \ 

pt  of  St  Mary  Inlet),  It  RJ 
8t  John's  Riv.,  QL,  S  entr., 

It  F65f. 

St.  Augustine   (bar)  Harb., 

CB'J,  fort  It  Fl.  U"  68f.. 
Lt,  N  pt  of  Anastasia  L,  F  76f. 
Musquito  Inlet,  (It.  destroyed) 
C.  Canaveral,  w.  It  R  1^  55f.. 

Indian  Riv.  Inlet,  entr.  w' 

Jupiter  Inlet,  entr.  It  F  &  Fl.. 

New  Riv.  Inlet,  fort 

C.  Florida,  S  pt.  of  Biscayno ) 

Cay,  )  5m..  It  F  lOOf.   ...  j 
Carysfortrf.,ltR107f. 


33^56' 
33  48 
33  36 

33  5" 

33  n 

33  " 

33     I 
32  464 

3*  47 

3»  33 
32  26*0 

32     7 


} 


Tavanier  Cay,  )  1  1 

LowcrMatacaimbaI.,^3m., ) 

Wpt(w"'N) ] 

Sombrero  Cay,  It  F  144f. 

Sand  Cay,  It  Fl.  2"  UOf. 

Cay  West,  W  pt..  It.  F  50f .  ® 

—  Floating  It,  F  40f.    

Tortngas,  EW9m.,  shl8.W 

4l.,»;Wpt,BushCay 
It.  F70f.,(a6m.) 

Matanilla,  shl.  [<]t7'* 

Memory  rk.,  [Jc],  14f.  ?  t., 
Bahama  I.,  EW  221.,  W,  or 
Seulement  Pt.,  1? 

—  "  South-east "  pt  (so  call- 

ed), [*]To,w 

Grt.  Abacou  I.,  ^  231.,  It 
near  S  pt,  R  1«  160f... 

—  East  Pt 

Elbow  Cays,  t  30f.,   It 

Great  Bahama  Bk.,  ^110 1., 

Grt.  Isaac  rk.,  [)m.],  40f., 
(21.  S  of  edge) 


32 

32 

3» 
3> 
3« 
3« 


77''55' 
77  57 

77  50 

78  o 

79  " 
79  '8 
79  " 

79  55*0 

79  54*7 

80  12 

80  41 
80  34 

80  52 


4-9 
32 

»7 

15 
8 


30  56 


81  34 

81  36 
81  33 

81  26 

81  25 
80  59 
80  33 
80  23 
8c  4 
80    3 

80    9-2 

80  127 

80  30 
8044-5 

Si    67 

81  527 
81  48 
81  54 

»4  37-4  8»  5**5 


30  42 

30  »o 

29  54 

29  52 
29     3 

28  28 

»7  33 
26  56 
26    9 

25  40 

a5  13 

25  o 
24  49 

»4  37*5 
24  27 

»4  33 
*4  37 


81 
81 
81 
81 
81 


7 

5 

»4 
33 
36 


27  22    79    4 

a6  574  79    7 
26  41    ,79   0 

26  28    78  40 

i 

25  5r577  iri 

26  20    I76  59 
26  35     76  59 


26    2 


79   5 


TADLE  10 


565 


MARITIME  POSITIONS 


027) 


Bernini  Ib.,  [7m.],  /,  t,  SW ) 

Pt.,w / 

Gan  Cs7»  k.  R  1"  70f. 

Orange  Cays,  Id.»  [|m.],  13f., 


♦o»^f 


) 


Lat.  N   Lon.W 


1! 


Cay  Goinchofl 

Loboa  Cay.  j  SW,  beac.  ... 

Diamond  Pt.,  I{  j 

St  Domingo  Cay,  15f.,  1 1 

Cay  Verde,  72f. 

Grt.  Ragged  I.,  beac.  hill  .. 

Water  Cay,  [14m.] 

LongI.,4l91,/,t,T,Npl. 

—  Sonth  pL 

Emma  I.,  ^  8 1.,  entr.  barb.  GQ 

"  i Ekuthcral..^ 22 l.,t,T,  Spt. 

7l—  NE,  or  Palmetto  Pt 

>^  —  N  pt,bm,(shls.  E  andW  31) 
I   Egg  and  Royal  Is.,  West  I. . ... 
Q   New  Providence  I.,  EW  5L,  \ 
Nassau,  CS?7,  It  P  68f.    ] 

—  E  pt.,  Goolding  Cay,  w  SW 

Green  Cay,  [2m.j,  w*....  

Aadros  I.,  %  32  C  Mastic  Pt. ) 

near  N  end,  [f] j 

I  Berry  la,  NS  91.,  j,  w,  r,  | 
I     E  lim.,  or  Frozen  Cay  ....  f 
I  Stirrup  Cays,  r,  Ellis  fl.  at  .... 
I  Little  Salvador,  ^  5m.,  W  pt. 
1st  Salvador,  ^  14  1.,  NW  pt. 
I —  Eastpt ,  Columbtts's  landfall 
Concepcion  [and  rks.  21.],),) 

/,t,T.  Id.  Wpt ] 

i Watling's  I.,  -f^  5  1.,  rk.  S  end 

I  Rom  Cay,  EW  3 1,  vrw„,  S  pt. 

Min  por  vos,  %  3 1., ),  NE  rk 

Crookedl.,Jll4  l.,*^,wWo,  i 

S  pt.  Castle  I j 

—  Mossfl.  St.,  w 

Samana,  or  A.ttwood^s  Cay, «»,  \ 

T,Wpt i 

Plana  Cays.  EW  lOm.,  /,  t,  \ 

T. bin,w  pt, *,  L,  v..../ 

Marigoana  I.,  rf.  EW  101.,\ 

/.  t ,T,  3,  Centre  hill,  1  lOf.  j 

Hogsgr  rf.,  EW  5m.,  j,  ), ) 

^  }GrtInagna,/15L,/if  ,NEpt 
^  1—  Man  of  War  B.,  W  side,  well 
S  ILittle  Inagoa,  EW  3 1.,  N  pt . 

-ICsicosbk.,  ^  221.,  S  rE 

.5  '  —  West  Caicos,  -Jf^  7m.,  S  pt. 

e  —  East  Harbour,  wat  pi 

1 1  Turk's  Is.,  Jt  6 1.,  N  e«tr.  rf. . 
■5  '  —  Hawk's  nest,  ww 
's  Endymion  rE.,  If. 

^am  Handkerchief,  EW 
30m.,  NE  breaker 

SQver  bk.,  ^   151.,   Cay, 
SWrk   

—  >forthiSs.  ....^ 

' —  Eastern  edge,  i3»  j 

Bajo  Navidad,  ^  7 1.,  N  pt  17,7 

Cuba,  %  217  1..  E  pt.,  C.\ 
Mayti,lt.F,  128f-/,rf.  Im.) 
Barracoa,  fort 


25041' 

»S  34*5 

24  56 

"  45 

12  12*8 
22  10 

21  4.2 

22  I 

22  12 

23  O 

23  41 

22  51 

23  33 

24  38 

25  9 

as  35 

25  30 

25  5'6 

25  7 
»4  3 

25  4 

25  32.5 

25  49*7 
24  36 
24  41 
24  8 

23  50 

23  56-7 

a3  37 
22  6 

22  7 

22  47-5 

*3  5*5 

22  35 

22  23 


79O20' 

79  19 
79  9'<^ 


78 
77 
77 
75 
75 
75 
75 
75 
74 
75 
76 
76 

76 
76 


8 

35*5 
20 

45 
10 

43 
44 
»9 

5> 

48 

9 

9 
44 
55 


77  ai*2 


77 
77 


36 
II 


o»  **o  •  *  •  © 


40-5 

21 

4 
33 

3 

37 

3« 

33 
26*3 

7 
6-5 


20  18 

oo  53 
20  35 
20  13 

20  15  2 
20  21 


77  57 

77  4» 

77  55 
75  59 
75  46 
75  «7 

75     8 

74  *8 
74  50 
74  a8 

74  *i 

74  ao*5 

73  49 

73  38 
7*  55 

73  507 

73  ' 
73  39 

73  o 

71  45 

72  30 

71  32 

71  6 

71  10-5 

71  j8 

70  29 

69  58 
69  55 

69    2  2 

68  52 

74  "C'5 

74  *^'5 


(128) 


Places 


6 


«3 


UtN 


3 
6 


C.  Moa,  Cay,  *' 

Pt  Lucreda,  It  R  112f. 

Port  Naranjo,  EB,  W  pt,  A,  1 

Port  del  Padre,  S  

Pt.  Maternillas,  It  R  1"  176f. 

I.  Gnajaba,  ^  10m.,  W  pt 

Cay  Confites 

Cayo  Romano,  2  Is.  ^  16 1., ) 

NWpt / 

Minerva  Cay,  [Im.] 

Cay  Sal,  bk.,  ^  20  1.,  T,  Cay  \ 
Sal,  [Im.],  w,  f ,  N  pt ) 

—  Elbow  Cay.  It  F    96f. 

—  Dog  rks.,  ^  5m.,  E  pt .... 

—  Anguilla  Is.,  ^  7m.,  w^, ) 

Ept f 

Nicolao  rf.,  Medano  I.,  S-d.... 
Pt.  Icacos,  (It.  F  to  SE^  ?)  ... 
Piedras  Cay,  It.  destroyed...  ® 
Matanzas,  Bay,^,  S.  Sevenno  ) 

CasUe  f 

Pan  de  Matanzas,  1277f. 

Havana,  EB,  1E>  It.  Fl.  i«  14 
Managua  paps.  2,  EW  2Ba., ) 

732f.,Wone j 

Port  Mariel,  Si.  entr 

Bahia  Honda,  S,  entr 

Pan  de  6 oaijaibon ,  25321 

Colorados  rh.,  rict., ),  j,  W  pt 

Sboal  seen  in  1828,  [i] 

W  extr.,  C.  St.  Antonio,  i,  \ 

t,T,  rky.,  (8hL^7m.,Io), } 

It.  Rl»108f. ) 

C.  Corrientes,  /,  sand,  1^. ....... 

Pt.  Piedras 

CaysofSanFelipcSWpart,)    _ 

T.  Um i  ° 

I.  of  Pines,  EW  161.,  SW) 

pt,  or  C.  Pepe / 


20*41' 
21     5 
21     6 
21  17 
21  40 

21  55 

22  12 

22  27 
21    19 

23  41-7 

23  56-5 

24  2 

23    30 

23    12 
23    II 

23    147 

23       3 


»3 

23 


Lon.W 


1-9 
9*4 


22  57 

23  3 
22  59 

22  48 
22  9 
22     7 

21  51-5 

21  45 
21  58 

V  55 

21  24 


3 
s 


Rosario  Channel,  i O 

Jardinea,  \v"',  E  extr. O 

Cay  de  Piedras O 

Placer  de  Jagua,  [3m.],  a  ...  O 

Batavano O 

Jagua  O.,  S,  It  Fl.  82f O 

Trinidad,  mole 

Cayo  Blanco,  20f. 

Gran  Bajo  de  Esperanza, )  ^ 

NWedge /  ^ 

Manianiila  Cays O 

C.  de  Cruz,  rf.  2m.,  j  

Tarquino  Pk.,    9m.   inland,  \ 

10.700f. ) 

Santiago  de  Cuba,  S,  r,  w^,  ] 

It    R    1"»    226f.,   MorroJ 

Castle  ) 

Guantanamo,  or  Cumberland ) 

Harb.,  S,  E  head  / 

Cayman  brack,  #  3  1.,  If ,  E  pt. 
Litt  Cayman,  -gp-  7m.,  ^,  3  f ,  \ 

Eend ) 

Grt  Cayman,  EW  61,/, 
;    f,t,*lJ^,w„r,  town, }  e 

Fort  George 

—  East  pt,  f,f  a  Im 


21 

21 
21 
21 


37 
39 
58 
37 
22  43 

22  1 
21  45 
21  38 

20  22 


74^53' 
75  3« 

75  50 

76  25 

77  8 
77  36 

77  39 

78  19 
77  48 
80  250 

80  265 

79  5» 

79  32 

80  21 

81  9 
81  8'c 

81  37 

[81  45 

82  22*2 

8z  22 

82  44 

83  13 

83  24 

84  48 

85  4 

84  57*2 

84  31 

83  57 

83  3* 
83  7 

81  53 
81  2 

81  3 
80  35 

82  18 
80  30 
80  I 

79  5» 


20  22 
19  504 

»9  55 
»9  559 

'9  53 

19  45'a 
19  42 


77  50 

77  15 
77  45 

76  CJ 


75  5» 

75  15 

79  465 
79  58 


19  17*781  23*5 


19  19 


81  7 


566 


TABLE   10 


MAIUTIME  POSITIONS 


(129) 


Placet 


I 


1 

i 
I 


Jamaica,  -^  43  L,  E  pt.  or  Pt. 
i  Morant,  It  R  1«  115f..... 
,  Port  Antonio,  2  S,  w,  fort  . 

St.  Ann's  B.,  S,  Long  wharf,  w 

Falmouth  Harb.,  ffl**,  bar,  fort 
I  Montego  B  ,  fort 

Lucea  Harb.,  ^,  fort,  £  entr... 

Pedro  Pt 

NNegril,  Npt 

Dolphin  Hd.,  pk 

S  Negri]  Pt.,  Wharf  in  Bay.... 

Savannah  la  Mar,  fort,  ahl.  2m. 

Pedro  Bluff 

i  Alligator  i?.,  ^  3m.,  W  pt.  ... 

Portland  Pt.,  SE  pt 

Old  Harbour,  EB,  Careening  I.. 
.  Port  Royal,S,(Q,  fort  Charles® 
I  YaUah's  Pt.,  (hill  2450f.  -f  3m.) 

Port  Morant,  S,  Leith  Hall... 

Morant  Cays,  ^  11.,*,  ^o\ 
2im.,  *'  NW,  NE  Cay,  f  / 
Pedro  Bk.,  EW  31  L,  SW  fi  ... 
NW  edge,  20 


a 


CQ 


) 


—  Portland  rk.,  at  E  edge, ) 

[2c.],  15f.,  **,  8  E....) 

Baxo  Nuevo,  EW  5 1.,  NE  pt. 

Swanl8.,2,rf^4im.,  ||o,(Wl 

one,  r,  V,  f ),  E  pt., -r,  l^f 

St.  DomingOiE  W 120  l.,E  pt, ) 

C .  Engano,  (shl.  N  3m.)  ....  / 
C.  Rafael,  Mt.  Redonda,  2m. ) 

inland  ^. j 

Banistre  Cays,  w,  r,r,  NE  one  6 

Town  of  Samani,  fort  

C.  Samani,  rugged,  A,  1  ^_  ... 

C.  Cabron,  1 

Old  C.  FraBfais,  ^ 

Pt.  Isabelle 

Grange,  rk.  820f.  ,....^. 

Monte  Christi  B.,  t,  r,  w 

Monte  Christi  rk 

C.  Haytien  harb.,  S,  w,  f, 

turret  d'Estaing 

Lacul,  S 

Tortuga  I.,  ^  7 1.,  E  pt.,  /  ... 
St.  Nicolas'  Mole,  9,  w,  fort ) 

St  George j 

PL  Platform,  t  8,ww^ 

Gonaives,  S,  Pt.yemer 

St.  Marcos  Pt.,  A,  1 

Gonaive  I.,  ^  101.,  f ,  Wpt. 
Port-au-Prince,   r,  w,    forti 

Alexander  , J 

Rochdois  shl.,  [1 1.],  S^-f  iiud. 

Caymltes,  t,  I  ||  S,  NE  pt 

C.  Dame  Marie,  W  pt.,  (w  \ 

SE2m.)  / 

C.  Tibcnm,  k,  ^^  j,  (w,  \) ) 

in  bay) | 

Hill  eastward  of  do.,  4178f.  ... 

Navasa  I.,  [2m.],  300f.,  -f,«,  \ 
^f  r,  mid.  N  side j 

Fermigas  shl.,  ^21.,  i ,  N  pt. 

Pt.  Gravois 

1.  Vache,  [3 1.],  j  S,  NW  pt. . 


LatN 


>7**55'7 


18 
18 
18 
18 
18 
18 
18 
18 
18 
18 

17 
17 
17 
17 
>7 
17 
>7 


11*3 

26*4 

30*6 

19* 

28 

29 

*3 
23 

i6'8 

I2'3 

SI 

49 

43 

53*5 
56*0 

5» 

53 


4  77 


17  26*5 

x6  48 
17  36 

17  8 
IS  53 
>7  »5 

18  35-8 

19  I 

19  10*4 
19  12*5 
19  18 
19  22 
19  40 

19  59 
«9  54 

'9  53 

20  2 

19  467 

19  47 

20  I 


19  49*5 

19  36 
19  25*7 
19    2 
18  55-4 


Lon.W 


76^11' 

76  27 

77  »3 

77  40 
56 


78  12 
78  17 
78  22 

78  12 
78  22 

78    84 
77  44 
77  35 


77 
77 


10 
6 

76  51*0 
76  37 

76  21 

75  57 

78  13 
78   52 

77  »7 

78  34 
83  53 

68  20*7 

68  55 

69  157 
69  19-2 
69    8 
69  16 
69  54 
71     I 

71  39 
71  38 

71  4* 

72  1 1*7 

72  28 
72  36 


18 

33-2 

18 

39 

18 

39 

18 

36 

18 

22 

18 

21 

18 

as 

18 

35 

18 

I 

18 

6 

73  »»*a 

73  »3 
72  42*7 

72  50 

73  i8-2 

72  20 

73  13 

73  40 

74  »7 

74  »8 

74  19 

75  * 

75  45 

73  56 
73  43 


(130) 


Placet 


LatN 


3 

s 


I 


i 
i 


} 


I 


Aux  Cayes 

C  Jaquemd,  S,  Wharf 

Mountain,  8900f.  

C.  Roxo 

C.  False 

Beau  I.,  NS  4m.,  I,  f,  i 

NW,  NWpt 

Frayle  rk 

Alta  Vela,  h,  j 

C.  Mongon 

Pt.  Avarena 

Pt.  Caldera,  or  Salinas 

Pt  Nisao 

St  Domingo,  City,  ffli*  Cons. . 

Pt  Concede 

I.  Saona,  EW  4 1.,  f,  S£  pt.. 

Mona  I.,  EW  6m.,  (^,  w^l 
W  end,  b,  rfs.  2m.).  W  pt.  j 

Monito  I.,  [2c],  /^,  ♦g  

Desecho  L ,  [Im.] ,  J,  1^,  vis.  12 1 

Porto  Rico  I.,  EW  31 L,  C.  \ 

Roxo,  at  S  Wpt.... 
Shis.  21.  off  W  coast,  Bajo 

Gallardo,  [s] 

B.  of  Mayaguex,  mo.  Riv 

Aguadilla  town,  r,  w"' 

Porto  Rioo,  City,  S,  It.  R2*? 

174f. 

NE  extr.,  or  C.  Juan,  (rks.).  . 

Anril,  718.231 

SE  pt,  C.  Mala  Paaqua 
Cazo  de  Mnertos  I.,  [Im.], 

(*  W  8  ),  S  rk 

Pt  Guanica 

Culebra,orPftssageI.,  %  7m., 
(fflSE,  w.  r,  b),  Spt 

Yieqne,  or  Crab  I.,  -Jp-  5  L, 
*.*Wpt .^....j 

St  Thomas  I.,  %41., 
IB,  r,ltF  95f.,Eentr., 
Fort  Christian 

Frenchman's  rk 

St  John'sI.,EW31.,  SWpt  O 

Norman  I.,  [2m.],  Man  of) 
WarB.,onWside, S,N pt  j 

Ringdove  shl.,  [im.],  1 

Tortola,  -Jf-  10m.,  ab.  1300f. 

—  Town,  S,  w,  r,  Fort  Burtpt 
Gingerl.,[lm.],  A,l  . 
Virgin  Gorda,^31.,pk.l319f. 

£ut  pt 

Anegada,^3L,/,t,),(rf.SE) 
3L),Wpt,.w / 

Sta.  Cruz,  -JP-  7 1.,  ir,  IS,  E  pt.. 

—  ShL  off  E  end,  7 ,  fi  

—  Christianstad,  S,  Oba.  or 

sig.  St  

Sombrero,  [f  m.],  1, 7-,  w^,  \ 

^*        87f.,  *o / 

Dog  I.,   [&  rks.  24m.],) 

Wrk I 

AnguiUa,  -Jf-  14m.,213f.Wo,  \ 

dust  ho ) 


) 


•» 


9 


) 


I 


® 


® 


8*»I2' 


»3'5 
21 


7  5» 

7  45 

7  3^*7 

7  37 
7  28 

7  50 

8  7 
8  12 

8  13 

8  28-2 

8  22 

8    67 


8     5*4 

8     9 
8  24 

7  S6 

8  o 

8  13 
8  »S-! 

8  29 

8  23 
8  19 

7  59 
7  50 

7  56 

8  17 
8    7 


Iai.W 


73^46 
72  33 
72  o 
71  40 
71  40 

71  3» 

71  4« 
71  39 

71  14 
71  o 
70  36 
70    o 

69   $2 

69   35 

68  355 

^7  57*5 
67  56 
67  28 

67  10 


967 


8  204 64  557 


8  14 
8  18 

8  19 

8  17 

8  24*1 
8  23 

8  30 

849 

7  45l 
7  49 

7  44*5 


8  16  7 
8  I3*a 


67  18 

67    8 
8 

66 


7 
65  36 

65  47 

65  49 

66  31 
6657 
65  17 

65  34 


64  52 
^49 
64  31 

6433 

64  365 
6424 

64  14 

64247 

64  34 
6425 

64  41*0 


8  3r663  »77 


63  «5*5 
63    42 


TABLE   10 
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MARITIME  POSITIONS 


(131) 


PlAoes 


E 

« 


•5 


I 

s 


St.  Martin  I.,  EW  Sm.,  w^,,  r,  \ 
b,  sum.  136If.  / 

—  Fort  Marigot 0 

S.  Bartholomew,  ^  5m.,  N  \ 

pk.  821f. ) 

—  Fort  Oscar © 

Saba,  [3m.],  *,  T»  town  SW... 
St  Eustatitts,  ^  4m.,  A,  N  pt. 

—  Fortfl.  St.  

St.  Christopher,  %  6 1.,  w,  r,  ) 

Mt.  Misery,  37 llf. / 

—  St  George's  Ch.,  (It  F^.O 
Neris,  [2  1.],  w,  r,  sum 

—  Charleston,  U.  SWpt.,  w... 
Barbuda,  ^  14m.,  vis.  61., 

Wo,r,*S\Vpt;S&Ept., 
Ml 

—  River  fort.  SW  side ® 

Antigua,  %  I2m.,  (3  N),) 

Spt /  "^ 

—  EnglishHarb.,ffl,ifr,IB,l  ^ 

Dockvd /  ® 

—  Boggy'spk.,  1339f.  

—  St.  John's,  fort  James,  w^  ® 
Redondo,  ♦  ,  vis.  9 1.,  *  If )   _ 

W.T  J  ® 

Montserrat,  \  31.,  vis.  15 1.,  \ 
w,  T,  N  pt / 

—  Plymouth,  v/.  L,  Wharf    ... 
Guadeloupe,  [1*21.],  Npt.    ... 

—  Basse  Terre,  fort  Irois  ...  ® 

—  SouSriere,  vole.  5500f. 

Deseada,  ^  7m.,  N  pt 

Petite  Terre,  It  F  108f. 

Mariagalante,  %  10m.,  w  W, ) 

Spt f 

The  Sainto  Le  Grand  !.,  S  pt. 

Dominica,  -t  ^  1 «  ^i  'o  l™->  \ 
N  pt *»«A-..  / 

—  Roseau,  town,  fl.  st  (ItF)  . 

—  South  pt..  A,  fl.  st 

Aves  I.,  [3c.],  16f.,  ♦q,  ^,  \ 
w?  *W  f 

Martinique,   %  111.,   Mt  \ 
Pelee,  4450f. / 

—  Fort  Royal,  S,  It  F  131f... 

—  South  pt.  islet  

—  Caravel  rk.,  96f.,  ♦g,  /^ .... 
St  Lucia,  NS  10 1.,  N  pt 

—  Port  Castries,  S,  It  P 

—  W pt,  2  Sngarloaves,  bUt, 

f.  via.  161 

—  South  pt,  J? 

Barbados,  %  61.,  vis.  10  L, 

Eptlt..|B 

I—  Beckwith  Battery 

—  Brid<;etowii,Engineer'KWhf. 
St  Vincent  I.,  NS  5  L,  vole.  ...| 

—  Kingston 

Bequia  I ,  #21.,  «*  W,  v?') 

Adm.  Bay,  r,  b,  N  pt / 

Grenada,  -f-  5 1.,  vis.  7 1.,  (>o  \ 
2m.),  Spt j 

—  St George,  S,  B.  fort.FS. 

K.  America  contmjtom  ( 196)  3 
C.  Sable,  fort  


) 


) 


Lat.N    Lon.W    (132) 


8°  5'5 

%  4*1 

7  54'3 

7  53 

7  39 

7  3» 

7  a9'5 

7  12 

7  i8 

7  12 

7  8-8 

7  33 

7  35-8 

6  59-5 


7  o'o 

7  a 

7  6-7 

fi  55-5 


6  49-3 

6  42*2 
6  31 
6    o*5 

5 
11*4 

10-5 
5a'8 


Places 


63^  4'5 
63     5-5 

62  48*5 

62  51*2 

63  19 

63     5 

63     4 

62  48 

62  43*0 
62  39 
62  42 

61  43 

61  4-9'5 
61  45 

61  45-2 

61  51 

61  51*2 

62  18*7 


61 

62 
61 
61 
61 
60 
61 

6j 

61 

61 


50-0 

38 

17-461 
13    I61 


117 

13 

268 

45? 
39 
58-7 
5 

15*2 

34'i 
26 

»3 
22 


5  4a 


4 
4 
4 
4 
4 

3 

3 

3 

S 

1 
3 
3 

3 


48 

36 
24 

48-5 

5 
o 

47 
34 

9*9 

49 
42 

a3 
>3 


63  377 

61  10 

61     4-2 

60  52 
60  53 

60  57 

61  I 

61     5 

60  57 

59  a5-5 

59  36* 

59  37 

61  II 

61 


61 


»3 

IS 


1  59    61  42 

2  3    61  45 

I 

I 

«;     6     81     5 


C.  Romano,  /,  «,  (bk.  SW  \ 
9m.,  sf) J 

Sanyabel  I.,  QQ"  r,  w,  b o 

St.  Carlos  B.,  fort  Dulaney .... 

Tampa  B.,  Egmont  Cay  at )   -, 
entr.,  ltF45f.  Npt...)  ® 

Gadsden's  Pt ® 

Cedar  Cays,  Depot  Cay,  (shl.  | 
^7m.)    / 

St  Mark's.  It  Eentr.  F73f.... 

Dog  I.,  [6m.],  II  3  E,  II  W.i 

u.  Ri'»48f. :....) 

St  George  I.,  (Harb.  III««J,  \  ^ 
Wpt,  It  F   /  ® 

C.  St.  Bias,  /,  (sbl.  -\g  4m.),  \ 
It  Fl.  H"   / 

St  Joseph's  B.,  bar,  II],«, ) 
w  pc.  enir. ,  ••.••.........  I 

St  Andrew's  B.,  town 


Lat.  N    Lon.  \V 


25'»5i'  j8i«56 

26  20     82     5 

26  30     82  10 

27  36-IJ82  45-2 
27  49'8,82  28*0 


® 


3 

■  ^ 

c 


8ta.  Rosa  I.,  ^  12  1.,  E  pt,  \ 

(entr.  to  St  Rosa  B.) ] 

Pensacola  B.,  S,  entr.  It.  W, ) 
R  li»79f. } 

—  Naval  yard,  store  0 

Mobile,  EB,  It.  E  entr.,  R )  ^ 

l»58f. /  ® 

—  Sand  I.,  It,  F,  W  of  entr... 

—  Choctaw  Pt.,  It  S  of  City... 
Horn  I.,  ^  4 1,  W  pt 


e 


29    7-5 

30     4*4 
29  46*3 


83   27 

84  xo-6 
84  38-2 

*9  37-485     5'? 


29  40 


85  H 


Ship  I.,  #  7m  ,  f ;  w  N,  \ 
mid.;  Wpt.lt.  F  54t..  / 
Cat  I.,  EW  5m.,  f ,  W  pt.  It  F 
Pass  Christian  It,  on  Main,  F 
Chandeleur  Is.,  -^  8,  /.  \v,  b. ) 

II^SW,  It  N  pt.  F  52f.}      I 
Mississippi  Riv.,  NE  pa.ss., 
Frank's  I 

—  South  Pass,  Fl.  IJ"  60f., 

R  lj-59f. 

—  SW  Pass,  F  70f.  W  side, 

w'  alongside  at  ebb 

New  Orleans,  City  Hall    ... 
Timbalier  I.,^7m,  It  F  ... 

Ship  I.,  Shoal,  It  R  

Pt  au  Per. 


} 


:S 


Belle  I.,  (  Vermilion  B.).EW'l 
i  7  1.,  ISOf.,  It  W  end,  R...  / 
Sabine  Pass,  Texas  pt,  bar"^ 

?  f..  Mound  J 

Bolivar  Pt,U.  F75f. 

Galveston  I.,  J^  7  1.,  A  3  t 

mid.,  NE  pt 

San  Luis  Harb.,  bar  T2f.,  town 
Mafngorda  Bay,  Half  Muon  1 

Port  Cavallo,  G3.  bar  9  f.  it.  F 
Arnnsas  Pass,  g  f.  It  F  59f.  .., 
Santiago,  Barra  de,  T  f.  It.  F  SOf. 
Rio   Grande,  or  Bravo  del 

Norte,  U.S.  Observatory 

San  Fernando,  or  Tigre O 

Barra  de  Santander,  if. O 

Barra  del  Tordo  O 

Cc  rro  del  Mecate,  10m.  inland  O 
Tampico,  bar  lof.,  %,  fl.  st,  \  . 

Npt j  " 

C.  Roxo O 


'} 


29  52-085  23*2 
o  II     85  43 

o  25     86  31 

o  20*887  '7'° 

o  20*587  15-? 

o  13-688    07 

on  88  2 
o  40  88  2 
o  15     88  42 

o  12-6  88  57*2 

o  13-789  5 
o  18     89  10 

30  3     88  50 
29  11*589    o 

29     o    89     7 

28  58-5.89  13 

29  5^7,90  6/ 
29  4    190  >7 
a8  53*7'9i  7 
29  19*591  20 

29  32    92    o 

29  42*3  93  SO'5 

29  22    194  457 

I 
29  20    94  457 

29    4    95     6 

»8  33    [96  i5'5 
28  20-2'96  25 

^7  5''5  97     % 
26     3*5  97     8*5 

25  57'4,97     7*2 

25  23    ,97  40 
23  48     98     2 

2»  52     97  55 
22  35     98    5 


22  16 
»i  35 


97  50 
97  22 


568 
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MARITIME  POSITIONS 


(153) 


PlaoQi 


I 


Lat.  N   Lon.W 


(134) 


Plaoei 


CI 


S^ 


Lobosl.,  Hm.],  35f.,  J,\  _ 
w,r,  (if.  N2m.) /  ^ 

Tuspam  bHI.,  islets,  ^7 

Mexico ,  dtf ,  St.  AugostiDe .... 

Vera  Croz,  w,  iTo,  Sn.  J. )  ^ 
de  Xnioa  It.,  R  45«  79f.. )  ® 

Sacrificioa  L,  [and  rf.  |m.]  .... 

Limit  of  shls.  to  E-d 

Ori2aba,  Mt,  17400f.  

Cofre  del  Perote,  Mt,  13400f. . 

AWarado,  bar  it,  i  

Tuxtla,  Vole.  ....^ 

Roca  Partida,  w,  r 

Pt.  Zapotilan,  1 1,  w"* O 

Goazacoidcos  Bar  

Barra  de  S.  Anna 

R.  Tabasco,  W mo.,  bar  of.  .., 

I.  Carmen,  ^  91.,  W  end. 
Port  LAgiroa,  entr.  of  Ter- 
minos  Lag.,  9,  w,  r,  b, 
Brit.  Cons 

Champoton,  w,  b  

Monro  of  Seiba 

Pt.  de  los  MorroB 

Lerma,  Cb.  in  square,  ^,  4/ ,.. 

Campeachy,  ^,  i^y  r  

Salinas...' 

Pt.  Palmas,  f  

Mt.  No-te-perderas,'1^,  (gone) 

Sisal,  tft  w,  b,  fort e 

Sisal  rk.,  [Im.],  sf.,  (Snake  \ 
and   Madagascar  sbls.     ® 
NW-d.  71.)  ) 

Silam,  town,  w' ® 

Pt.  Salinas,  /,  sand.  If  

Lagartos,  vilL 

C.  Catoche,  /,  t,  (N  ptof  1  _, 
JolbosL,  J^61.) }  ® 

Areas,  [2m.],  iks.,  ^fWCaye 
Obispo,  shls.,  2,  -Jf^  5m.,  s,  ||, ) 

N  one,  beac.  buoy / 

Triangles,  3  Is,  J*  7  m.,  /,  ^ 

rk.  ♦o,  /^,  b,  E  one  ....  / 

English  bank,  [7]   ® 

Baxo  Nuevo,   [2c.],   rf-t)  -k 

/,  3,  beac35f. /  ® 

Cay  Arenas,  Sandy  I.,  [3m], 

/,  /V-,  beac.  20f.,  N  pt 

Alacranes,  %  5  !•>  |&>f  h 
Npt / 

—  Port,  tfl.  Penal.,  [4c.],  1 

huts )  ® 

Contoy  I.,  \  4m.,  /,  t,  N  pt. 

Mugeres  I.,  ^  5m.,  80f.,  ^q,  I 

w,  b,  S  pt.,  Stone  turret... ) 

Cozumel  I.,  ^81.,  $ 

Ascension  B.,  Noja  spit 

Chinchorro  bk.,  or  Northern  \ 
Triangles,  8  1.,  mid.  Cay,  > 
Npt  ) 

Ambergris  I.,  or  Cay  E,  or ) 
Reef  Pt.,)  2m ) 

—  Spt 

Lt.  ho.  reef,  ^  10  L,  SE  pt,  \ 

Half  Moon  Cay,  f ,  It  F  88^  / 


I 


2i«i8'   97°  13 


I 


21  I  i97 
>9  *5*7j99 
19  11*996 

io*2'96 


»9 
«9 
'9 


8 
2-3 


19  29 
18  45 
18  30 


18 
18 
18 
18 
18 


44 

35 
10 

10 
33 


95 
97 
97 
95 
95 
95 
94 
94 

93 

92 


18  38*491  507 


10 
5-0 

8-0 

5'5 
48 
13 

7 

43 
o 

3 
45 
17 
50 

37 


19  23 

90  46 

19  38 

90  44 

'9  45 

90  43 

19  48-4 

90  367 

19  50 

90  33 

20  45 

90  27 

21  2 

90  22 

21  9 

90  9 

21  lo-i 

90  27 

21    21 

21    23*7 

21    36 
21    36 

20    12*6 
20   28-5 

20  54*9 

21  47 

21  50*5 

22  8 

22  35 

22  23*6 
21  32 

21    12*7 

ao  34 
19  37 

18  37 

18  6 
18  23 
17  12 


90  to 
88  54-5 

88  II 
87     6 

91  59"? 
9»  13 

92  13*0 

91  56 

92  4 

91  23 

89  49 
89  42*0 

86  49 

86  40} 

86  44 

87  24. 

87  20 

87  50 
87  13 
87  33 


I 

I? 


I 


a 


'3 


) 


® 


Tumeffe,  rfs.,  -jf- 10 1.,  N  pt , 
Mauger  Cay,  3  Itsw  F  95f., 
75f.  

OloTer  rf**  jp-  5 1.,  S  pt  .... 

Belize,  S,  Fort  St  George,  W/.. 

Dolphin  Hd.,  5m.  inland 

Co<isoomb  Mt,  4000f. e 

Pt  Icaoos,  (w  N  }m.)  ® 

R.  Dulce,  entr.,  W  pt 

C.  Three  Pts..  /,  f ,  (shls«  4 
or  5  L),  W  pt.,  Wy  

Omoa,     St.     Fernando    \ 
fort  / 

Saddle  hill,  1760f. ® 

Sal  rocks,  pt 

Cangrejo  Pk.,  8040f. 9 

Truxillo,  fort 

C.  Hondnras,  or  Castilla,  /  . ... 

Utila  I.,  ^  7m.,  ),  NE  pk.  e 

Salmadina  shl.,  [Im.]  ® 

Hog  Is.,  [1 1.],  NE  one  . ...  9 

Ruatan  L,  #  91.,  f,  S  pt 

—  PortRoyalHarb.,  ffl,  V,  r,  \ 
George  Cay,  NW  pt ... ) 

Barburetl.,  )  1 1.  E 

BonaccaL,  #  3L,  S  NW\ 

and  SE,  A,  f ,  r,  5nm^l200f.  f 
Misteriosa  bk.,  J^  8 1. 1 1,  S  pt  Is 
Swan  Is.,  2,  EW  4m.,  W 1 

one,  f ,  w  ?  r,  E  pt )  ® 

Poyas  Pk.,  3700f.,  12m.  inland 

C.  Camaron,  projecting,  / 

BUck  R.,  bar  3,  V,  b 

Patook  R 

CorBtasca  lag.,  entr.  if.,  E  pt. 
False  Cape,  A,  )  shl. 


LatN 


Lon.W 


«7*'3*'   87-46' 
16  41     87  53 

17    29*388    12"0 


C.  Gracias  a  Dios,  i,  %  w^,  b.. 
Bank  off  C.  Gradas,  N  part 
—  East  extr.,  1? 

Caxones,  or  Hobbies,  -^  4 1., 

E  pt 

Cay  Gorda,  [2m.],«o,  (/3  E-d. 

2L) 

Margate  rf.,  ^  lOm.,  E  pt. 
Musquito  Cays,  1 60f.,  (w  W 

5m.,  «S7),  SE  part- 
Rosalind  Bk.,  SE  shl.  part, ) 

*,  [5m-] ) 

Serranilla  bk.,   Cays,   EW  ) 

25m.,  S,  or  beacon  Cay ... ) 

Rock 

Serrana  bk.,  -Jf-  6 1.,  3,  SW  Cay 
Qnita  Sueno  bk.,  £f.,  NS  8 1.,  \ 

Spt / 

Roncador  Cay,  %  6m., «,  w, ) 

Sptj / 

Old  Providence  and  Catalina ) 

Is,  [rfa.  51.],w'W,b,r,} 

**oW,  sum.  1190f. ) 

St.  Andrew's  I.,  -Jf^  8m.,  vis.  \ 

71.,^",  r',  SWCove..../ 
Courtown  bk.,  ^  7m.,  SW ) 

Cay,  fo,  w } 

Albuquerque  Cays,  [4m.],$  W 

Blackman's  Bluff.  ^  7  S,  w,  |... 


17  17 
16  48 
16  14-3 

15  49 

88  24. 
88  38 
88  36-0 

8847 

15  58 

88  38 

IS  47-0 

88  3*o 

15  45*o 

'5  55 

15  38 

'5  55'7 

16  2 

87  58'o 
87  38 
86  53 

86  4 

16  7*5 

>5  54 

«5  59 
16  16 

86  52-7 

87  4 
86  28 
86  40 

16  24-3 

86  19-2 

16  26 

86  9 

16  x8 

»5  55 

1844 

84  2 

17  25 

83  53 

15  44 
i«  0 

'5  57 
>5  49 
«5  a3'7 

15  13 

'4  59 

16  48 

»5  3* 

84  56 

85  3 
8456 
84  18 

83  43 
83  22 

83  II 

82  10 

8056 

,6  3 

83  6 

>5  5^ 

tz  24 

>5  7 

82  20 

14  20 

82  44 

16  8 

80  17 

15  48 

79  5» 

H  53 
14  16 

80  11 
80  24 

14  8 

81  9 

U  34 


13  21 


80  5 

81  23 


12  3r7'8i  44 

12  24    >8i  29 
12  10    81  54 


>4    3 


83  22 
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MARITIME  POSITIONS 


(135) 


Places 


4 

I 


5 


) 


Rio  Grande,  bar  7f. 

Pearl  Lagoon,  entr.,  N  pt., 

(shl.) 

Blewfields,  m|$,(iliii%ing  bar)  i 

F,Wpt.ofblaff j 

little  Com  I.,  i,  f,  [lim.]/\ 

Wpk / 

Great  Com  J.,  ^  24m.,  h,  f ,  \ 

w„  b,  r,  **^,  SW  pL,  snm.  / 

Pajaro  I.,  small,  155f. 

San  Joan  deNicarag;aa,(called 

Gre3r-town,Jl848),  [*].  V" 

up  riT.,  b,  r 

PL  Arenas S 

Mt.  Cartago,  ll,100f. ....:...  ® 
Pt.  Blanco,  Grape  Cay,  E 

of  do.,  (w  W  Im.)  . 
Carreta  Pt.,  w  W  2m. 
Boca  del  Toro,  S,  fort,  W  j 

-|r  Im.,  r^,  b / 

Blanco  pk.,  II,740f. 


Lat.  N 


Lon.W 


)• 


® 


® 


0 


e 


A, 


® 


•3 


I 


Shepherd's  Harb.,  9,  Cay,  \   _ 

%2im.,  White  hnt..../  * 
ZapadiUa  Cays,^  3m.,  E  pt. 
Chiriqui  lag.,   S,   Chica  )  ^ 

Mola  riT ) 

YalientePV,  722f. ® 

Escado  I.,  ^  24m.,  /,  f , 

wWpt. 

High  pk.,  5251f.,  (^  6m. 

of  Boppan  blaflf) 

Castle  Choco,  6342f.,  5 1.  j 

inland  / 

Chagre,  w  riv.,  rr^,,  San| 

Lorenzo,  fort j 

ToroPt... 

Porto  BeQo,  rr^,  S,  fort ) 

St.  Jeronymo / 

Farallon  Sado,  rk. 

Pt.  Manzanilla,  A,  1 G 

Pt  San  Bias,  /,  (rf.  2m.)  ....e 

Mandinga,  t^ 

Mnletas  Archipelago,  E  pt 

Pt  Mnaquitos 

Phios  I.,  [Im.],  A,  1^,  NE  pt... 
C.  Tiberan,  1,  A,  rky.,  (*n  W) 
Pt  Caribana,  (shl.  4~  ^m-)  •  ••• 
I.  Fnerte,  [1  Jm.l,  ^:^  Y  f ,  J 
Cispata  Harb.,  IB,  East  Pt 

Zapote 

Santiago  de  Tola,  E  entr. 
San  Bernardo  Is.  [3 1.],  /,  f,  \ 

Nst  one  ) 

Tortoga  dils.,  2,  outer,  [7]  ... 
Rosario  !>•»  [2 1.1 1  Wst.  one ... 

Cartagena,  S,  Dome ® 

—  Entrance 

Pt  Canoas,  /,  A,  o?er,  (ilu.  \ 

S  W^.  3m.  it) j 

Pt.Galera,/  

Port  Sabanilla,  S,  SWpt 

Magdalena  Riy.,  mo.,  bar,  H^, ) 

b.w, / 

Sta.  Marta,  9,  Morro ® 

C.  Aguja,  1,  A,'y,  (rks.  3c.)  ... 
C.  San  Juan  de  Guia 


} 


2    21 

»  59*3 

2  i7'o 

2     9*2 
I  31 

o  55 

o  567 
o     2 

o    o*o 
9  38 

9   20' 5 

9  »7 
9  H'4 

9  »5 

8  59- 

9  loJ 
9    6*4 

8  427 

8  37 

9  «9'7 
9  a3 

9  3»*5 


9 
9 
9 
9 
9 
9 
9 


39 

39 

35 
30 

37 
8 


08 


8  41 

8  38 

9  ^3 

9  a4 

9  3» 
948 

10  3 

ID    II 
10   25*6 
10    19 

10    34 

10  47 

11  I 

"    5 

11  IS 
II  20 
II  21 


83-32' 
83  38 

83  414 

82  3S 

82  597 

83  43 

83  43 

83  42-2 

83  48 
83    2-5 
82  40 

82  15-2 

83  4 
82  207 

82    2 

I  557 
81  55 

81  34'5 

81  30*0 

80  52 

79  59'? 

79  56 

79  38*5 

79  37 
79  3» 
78  58 
78  58 
78  38 

77  5* 
77  48 
77  »5 
76  55 
76  12 

75  50 

75  38 

75  53 

75  57 

75  51 

75  34'o 

75  36 

75  33 

75  *7 
75     » 

74  55 
74  i6'o 

74  «5 

74     a 


(136) 


Places 


I 


Hacha,  ) 

C.  Vela,  (islet  2c.  off,  )o),  E  pt. 
Bahia Honda,  t^, }  shl.  in  mid.  \ 

entr.,  E  pt  •• ' 

Pt  Gallinas,  (shl.  2m.)  

Druid  shl.,  [f],  jE 

Pt  Espada 

Zapara  Castle 

Maracaybo,  CS,„  bar,  entr.,  ] 

(shifts)  ....J 

— -  Town,  20m.  up  the  lake,  I9f. 

Pt.  Arenas 

Coro 

PtCardon,  / 

C.  San  Roman  

Pt.  Manzanilla  


LatN 


Lon.W 


Monjes,  S^t  ^  rks 

Oruba  I.,  ^  51.,  N  pt 

Cura9ao  I.,  ^  121.,  N  pt 

—  Fort  Amsterdam,  St.  Ann,  9 
Little  Cura9oa,  [2m.],/]tF40f. 
Buen  Ayre  I.,  ^  6  L,  S  pt., ) 

It  F70f. / 

Aves  Is.,  2  grps.,  EW  5  1., ) 

Wone,  [21.],^,  S  Id..../ 
Los  Rooues,  EW  8 1.,  Port 
El  Roque,  N  side,  $^,  w, 

b,  Pirate  Cay  

•—  SE  pt,  lightho.  building  ... 

Orchila,  [7m.],Wpt,  rk 

Vigia 

Tucacas,  9,  It  F  30f. 

St  Juan  B.,  Cay  St  J 

Porto  Cabello,  9  ® 

La  Guayra,  t,t  w,  f 

Caraccas,  3000f.,  7m.  inland... 
Peak,  or  Silla  de  Caraccas, 

5m.  inland  

Pt.  Maspa,  (rks.  off) 

Centinel....! 

C.  Coders,  /,  t,  (V  W  7,\ 

Corsair  B.),  W  pt f 

Morro,  of  Barcelona,  (City  -|r  1 

2im.) / 

Cumana,  fort  Boca,  w' 

Pt  Escarseo 

Tortuga  I.,  EW  4 1.,  W  end ... 

BIanquillaL,NS  2  !.,(/,« 


) 


ii°33' 
12  10 

12  19 

12  25 
12  30 
12  4 
II     I 

II    2 

10  41 

11  7 
II  24 
II  36 


12 
II 


II 

31 

12  29 
12  36 
12  21 
12     6' 
12     2 


12 


II 


59 


51.,(/,*o.\ 
,  Npt / 


^1 


} 


J^,wW,*NW)       _ 
Hermanos,  ^  10m.,  j,  i^,  S  rk. 
Margarita  I.,  EW  121.,  (N 
CoastlJ.Npt.C.IsU 

—  Pampatan,  Castle 

—  West  extr. 

Sola  I.,  rk.,  Jq 

|Te8tigo8ls.,afc2im.,  J„*SW ) 
I      8  •  i^  vis.  5  L,  Grt  I.  mid. ) 
Porto  Santo  I.,  (bay  ^  and  -t) 

C  Three  Points,  3^  j^m 

Morro  I.,  (off  W  pt  of  Dra- 
gon's Mo.)  

Pt.  Foleto,  mouths  of  Ori- 
noco R 

Trinidad,  ^261.,  Ept,Pt 
Galera,  /,  rky 

—  Guayguarare  Bay  , 


} 


u  57 

II  48 

II  50*2 
II  10 

10  47 

11  10 
10  29*4 
10  367 
10  30 

10  32 

10  40 
10  50 

10  36 

ID  I3J 

10  27-6 
10  40 
10  58 

"  55 

11  42 

II  10 

10  59 

10  58 

11  19 

II  23 

'o  43 
>o  45 

10  45 

10  o 

10  50 
10  9*2 


72^56' 
72  14 

71  48 

71  44 
71  41 

71  10 

71  40 

71  41 

71  40 
70  57 

69  46 

70  20 
70  7 

69  22 

70  57 
70  8 
69  10 
68  54 
68  38 

68  17 

67  40 

66  38 

66  33 
66  14 
66  10 

68  22 

68  30 
68  o-o 
66  564 
66  54 

66  50 

66  16 
66  7 

66  3 

64  40 

64  II'O 

64  15 

65  264 

64  37 
64  29 

63  58 

^l   54 

64  30 

63  40 
63  12 

61  15 

62  46 

61  55. 


62  18 

60  54 

61  r 


ero 


TABLE  10 


jmauitime  positions 


(137) 


Places 


a 


s 


Trinidad,  Chacachacare  I., 
[2m.],  810f.,  (E  Bide  of 
Dragon's  Moudi),  sum.. 

—  Port  Spain,  S,  fort 

—  West  pi.,  Pt.  Lacos,  j 

—  SE  pt..  Pt   Galeota,  vis.  6  1. 
Tobago,  J4  8 1.,  N  pt.,  Mar-  ) 

blel } 

—  SW  pt.,  shoal,  6ra.  SW    ... 

—  Rockly  Bay  It.  F  on  E  pt.  .. 
Orinoco,  £  mo.,  (shls.).  Crab  \ 

I,[31.],  Npt / 

Pt.  Barima  It.  v.  F,  T 

Mocomoco  Pt 


R.  Gnayama,  entr.,  (bk. N  6 1., ) 
hiUs  to  SW-d.  inland)  ....  j 

Coco  Pt.,  A,  f o^ 

C.  Nassau,  E  pt  of  Pauroma ) 
R..  (shl.) ) 

R.  Essequibo,  beacon  E  of) 
Leguwan  I / 

—  Fort  Zealand 

R.  Demerara,  ED'S,  bar,  beac,  \ 

(5  or  6  f  9m  E-d.inl834)) 

Georgetown,  It.  F  103f. 

Berbice  R,  shl ,  EH,  bar  Tf.,^ 
Crab  £.,  [Im.],  /,  It ....  / 

—  Floating  It.  F 

New  Amsterdam 

Corentyn   R.,    (shls.   3 1.),  \ 

Nickerie  fort j 

Coppename  R.,  Ept.,  entr.  e 
Brams'Pt.beac. 70f.,(a  It  \ 

▼.  N,  Id  or  1h{.  }) f 

R.  Surinam,  fort  Amsterdam... 

—  Paramaribo,  Ch 

Post  Orange  

R.  Marowyne,  W  pt.  entr 

Mana  R.,  Establ  on  W  bk.  ... 
Salut,  or  Devil's  Is.,  3,  [fm],  \ 

*  -\ff  S  one,  w / 

Cayenne,  [Q,  fort,  fl.  st 

Mother  rk.,  [|m.].  pilot  sign.. 
Gunner's  Is.,  ^  2m.,  £,  or) 

grt.  one  / 

Pt  Behague,  /,  %  at  £  entr. ) 

of  Aprouak  Riv j 

Argent  Mount 

C.  Orange,/,?  

C.  Cachipour,  /,  %  NE  part... 

Mt  May6  .' 

Maraca  I.,  [31.],  /,  W  side, ) 

Calebasse  Crk f 

Cape  North O 

Bailique  I.,  [7in.],  N  pt 

Macapi,  fort 

Mexiana  I.,  ^  11 1..  )  W,  E  pt 


Cliaves 

Frescas  I.,  [2m.]  

C.  Magoari,  NE  pt 

Para,  fort  St.  Pedro , 

Pt.  Tijioca,  /,  (Braganza  shl.  \ 

and  bks.,  4- 7  1.)  ) 

Salinas,  vill.,  ) , 

Atalaia  Pi ,  It  R 


Lat. 


Lon.W 


North 

IO%l' 


lo  38-7        . 
lo     ys  01   55*7 

10  8-a 

II    21*8 

11  8*6 

J  I     lO'I 

8  42 

8  36 
8  39 

8  25 

8    o 

7  36 

7     o 

6  47 

6  58 

6  494 

6  21 

6  19 
6  15*2 

s  srs 
s  54 

5  56 

5  48 

5  44*3 
5  57 
5  44 
5  37 

5  '6 

4  565 
4  53 

4  50 
4  35 


4 
4 

3 

2 


22 
23 
46 

SO 
8 


6i«47' 

61    ^2 

61   51 
60  59*2 

60  31 

60  50 
60      2*4 

60  55 

60  23 

60  10 

9  57 

9  *5 
8  56 

8  18 

8  32 

8  14 

8  ii'S 

7  33 

7  22 
7  21 

6  52 

5  47 

5    4 

5  9 
5  13 

4  34 
3  57 
3  50 

2  34 

2    20*0 
2     10 

I  54 
'  53 


T    42 

I  4 
o  0*8 
o  o 
South 
10  8 
o  3 
o  13 


39 

a? 

3 

5* 

28 


9  48 
9  56 
I     2 

49  >9 


49  55 
,48  59 
48  26 

I  28*048  30'5 


o  34 

o  36 
o  35 


47  55 

47  14 
47  " 


(138) 


Pkoes 


3 


litt-S 


L.on.>¥ 


< 

n 


Cajetuba  1.,  N  pt 

Pirau'-'su  hiU ..... 

Cttite  Is.,  NE  part   

C.  Gurupi,  N  pt 

Pt.  TamanduA  

I.  St.  Joau,  ^  4  1.,  /.  w,  E  pt 
Itacolomi  pt,  t,U.R*'2«147f. 
Maranham,  CH'},  w',  r,  Ca-  \  ^ 

thedral '. J  ® 

Coroa  Grande  shl.,  ^s.,  N  pt 

Fort  St  Marcos,  It  F  

Manoel  Luis  shl.,  2.,  [1 L],  \ 

T,A0„Wrk ) 

Silva  shl 


::} 


I.  St  Anna,  [7m.],  (rfs.  -p 
4  1),  %  It.  R,  40-,  E 
part 

Lanfoes  Grandes,  W  pt   

Barra  Velha,  B.  Paranahyba.. 

Jeriooacoari,  w,  f ,  E  sand  ) 
hill   J 

Almufedas,  vill..  Steeple  in 
f  

Mt.  Melancias,  isolated  sand 
hill   

Ceara,  Ch.  tower    

Pt.  Macoripe,  It  F  37f. 

Jaguaribe  R.,  bar,  fifi^^ 
N  pt,  a  red  bluff    

Aracati,  town 

Morro  Tibao,  red  sand  hill    ... 

Pt.  do  Mel,  J  ?   (shls.),  N  \ 

pt f 

Pt  Tnbarad,  N  sand  hill   

Ureas,  shls.,  A*  J  N,  N  edge  ... 

C.  St  Roque,  /,  1 

Rio   Grande  do   Norte,   S,  j 
Circular    Port   on    ledge, 
(w  Jm.)    

Parahyba  do  Norte  Riv.,  U}% 

Steeple  

Fort  Cabedello,  a  Mk.,  f  .... 
C.Branco,  sand,  1,  (2  f  at  pt.?) 
Pt  de  Guia,  E  extr.  of  S.  Amer. 
OUndaPt 


1 


Pemambueo,  CG'  {,  bar,  V  r\ 

B,  fort  Picao,  ftR*'%*3»/  ® 
C.  St.  AuguMtin.  :^^,%  Ch  sum. 

Mt  SeUada,  S  pk.  .' 

St  Aleixo  1.,  r2c.],  w 

Tamandait',  SB,  fort  ..  

Maceio,  f  ,w  fort  (*  |J-  It.  R203f.) 
R.  St.  Francisco,  S,  or  Mao-  \ 

guinha  Pt ,  /,  ^,  /3  l^m....  ) 

Itabayana  Mts.,  sum 

Tres  Irmaos.  3  Mts.,  2 1.  in-  \ 

land,  SEhiU / 

Mt  Masarandupio,  10m.  inland 
Bahia,  S,     (Q.  C.  St.  An-  \  _ 

tonio.  It  Rf  «*,li«140f.  )  * 
Morro  St.  PpuIo.  It  R  1"  276C 
Quamannu  B.,  Pt.  de  Mnta  .. 

Os  Ilhcos,  rks.,  large  one 

St.  George,  town,  fort 

Porto  S^uro,  Hi,  f.  Cathedral 


47  a4 
46  57 
46    14 

45   *3 

|44   55 
2     8'6l44  27 


o<»3« 
o  44 
o  43 

0  54 

1  16 

I   17 


2  31-7 

2  II 
2  29 

o  51 

o  32 

2    16 

2  21 
»  5* 
2  47 

2  56 

3  " 

3  43"o 

3  4" 

4  »3 

4  3> 
4  49 

4  55 

5  * 

4  50 

5  30 

5  45 


44    '*'7 

43  59 

44  >8 

44   »7 
44   »9 

43    38 

43   a* 
4«  4* 

40  2^ 


39  48 

39  >« 

38  325 
38  29 

37  49 

37  48 
37   i« 

36  53 

36  28 
36  16 

35  i^ 
35  '5 


7     6 

6  57 

7  8 

7  26 

8  o 
8    3 

8    21 

8  15 

8  36 

8  43 

9  4^ 

10  28 


034  5« 

834  50 
34  48 
3447 
34  50 

634  5«7 

34  56 

35  >' 

35  ^ 
4  35    5 

3544 

36  23 


10  47 

11  16 

12  24 

»3 


13  22 

13  52 

14  47 


37  »3 

37  >7 

38  4 
0*738  317 

38  54 

38  56 

39  « 


H  494139    » 
16  26*8j39    0 


UAltlTIMB  P 


AbroUm  Is.,   [liTD.].  *  V  | 

801.,  It.  B  1- I 

WCnu,  Ch 

iRioDace,  Wpt-cntr. 

'Eipiritn  Suito  B.,  «',  f.  b,  | 
\     HonUM^eDO.t,ni.lOL| 


luapan,  Cii.  .- 
tmU  Idet,  im. 
IC.StThnmj,  J,(b1a.  ISm.  off) 

SlAiid  I*.,  3,^4m.,w,b,\ 
■     BUn-glt. f 

And™™  It.  [ll.l,E0«.-. 

C.Fr».(I.  #2im..  t  S-).l 
]     Sptit.  R  2-lOOOf. / 

C.  Megro,  1, 1.  3m.,pt 

iMuicuU.if  11.,).,  Sst. ... 
IRii»I,,[Im.],lt.R*',3'',150f. 

Rid  Jahbiko.  EQ,  fort  Villa.  1 

!    mti«n   IE • 

iRioJaneini,  ObKriMor; 

[G.b»Mt 

iPt,  Giuntiba,  hill      

MinmbaTa  I.,  EW  R  J.,tS,') 
W  PL.  (  E  entr.  of  lllu  J. 
Grvide  B..w.b>,  hiU  SOfiGf.  J 

iL^ik.  iSf.  

II.  Onndi,  EW  6  I..  S  N.  \ 
E.  PL,  or  Pt.  Cutelhuoa  / 

'Ulutob.  Ch 

.Pl  CuTOf u.  E  nun  of  Mt.  ... 
■.?aniB  II,  [rkt  401.1,  «',  S  hill 
iBusioiIs.,  [2iii.],  SE  ons 

Sl  S«butisii,(f8,  IT,  r,  b),  town 
' St.  SiJiutiui  I.,  .<^  & !'•  '^' I 

I     151.,  Spt.  ( 

iMoot  deTrigo,  A,  j^  

iMoel«H.P100f. 

ISuitot,  Hub.,  B9.  r,V7in.) 
up  riier,  >,  Anwoal  f 

Akstiwea  !■■,  ^■,  1  Sm.,  mm. 

Ugs  de  Suitoi,  rk.  7f. 

"adnuda,  Ii.,  2.  <|i  10m.,  I 

Urge  or  outer  one  ] 

tguptK. 

-^AbriBO.I-.aim-]-*.*-! 

(t  E,  Cmanet,  S.hali)  f 

Mt-Cinloa  O) 

Tg«eiimI.,[lm.?],160t.,»„,T 

'vuuEna  B.,  S,  town 

.  do  Mel,  ^V  Si"-.  S  hUl 

Conl  I.,  [Im.  ?],  Mr.,  1„  2m.. 
R.  GnwitnbB,  pt.,  hi" 
"'.  ?nnciK»  I.,  ^ 

t.Npt 

Timbontei  Is.,  [1  L] ,  ^,  S  one 
Itipeccroja  Pt.,  N  part. 

Pt.Bombai 

ArToredo  1.,  %  2m.,  f, 


J9  46 


fort.  11,  rt. i  ' 

EtC>tberini!l.,^101.,(S, 
NW-d.},  Npt. 


4J  S9 

+3  49'7 


*|4S 


ll 

4640 

J7 

47  " 

7 

47  i> 

S9 

♦I    6 

i  51     f^  16 

'  7  n*  n 


7  8  ♦»  19 
f  17  *8  " 
r  »S*54>  34'5 

'  3S-44*  J» 
'  49  48  »S 
f  54   kS  JS 

i  .4  61  36 


Li«o«,(CitTliii.W-d.),  bu...,'-x) 

C.  Sla.  Marta 1) 

RioOrandedaSal.entr.i.w,)  '   . 


Ranger  rk-,  vnal).  ^^  ... 

C,  St,  Mary,  (*  N-d.  to)  . 

1.  Loboa,  [Im.],  (tA.  E^d.  3m.) 

Maldonado,  tower,  w $ 

5  I  Flora.  I.,  [lm.],lt.R>*I20f.  ... 
^  I  Monte  Video,  Rati 

—  Summit  R  3->  4861. 

Engliah  Bank,  NS  9m.,  N  pt.ll. 

Arcbimedes  bk.,  [1 1.].  i  ,  mid. 

Colonia,  It.  R  3"  llOf. 

Baenba  A  jica,  mde,  landiog  pi. 


lio,  /  .. 


OrtiiBk.,   It.».,  F,  4 0 

C.  St.  Antonio,  N  pt.,  or  pC.Raia 
Pt.  Medano,  (ihl.  6m.),  S  aam. 
Mar  Chiqnito,  (entr.  impract.) 
CCorrientea,*,  I,  I20f.,E  sum. 
Ft.  Mogotea,  A,  3^,  104f.,  1 2m. 

Go^oen  R.,  ||.  

Siena  Ventana.3MK)f.    

Bahia  Blan«,  Mt.  Hermoao  .. 

—  Fort  Ai^ntino 

K-Coloradoa,  bar  if. 

Union  B.,  iTf..  Indian  Hd.,  I 

*5f.,  !,♦,>?,  B j 

San  Rial  Harb.,  S.V,  b"',  r,  > 

f,  Main  PL  35f.,^  entr...  f 
R  Negro,  bar  ?C?MainPt,i 

a.»t.,r.B  ] 

Port  SL  Antonio,  S,  ff,  >,  E  1 

hd.orVillariaoPt.,(bk.4m.} 


1. 4af.  . 


S),l 

Sierra  de  Sn.  Antonio,  UOOf, .. 
Port  San  Joaef,  if,.  b,W  head.  pt. 
Valdei  Penini.,  Pt.  Norte,  1  Im. 

—  Shis,  and  overUla,  E  lim... 
PtEtelgada,  200f.,  SE  cliff  .... 
NiuToG.,  E,  otNaeToMd.,1 

1,  200f.,  T>  ("■.  b) ) 

-  W  bd.,  Nin&s  PI.  nor.,  I 

tks.  2m.,  EcliiT } 

Salabema  ?.,  #  8m.,  N  and  1 

Ept Z ) 

Fort  St.  Elena,  w„,  b„  S  Head 

C.TVoBa^ 

ArcTL,  [Im.],  SE  >um 

The  Oien,  or  Prince  Regent  1 

haren,  ffi,  entr ) 


C.  Three  Pta  ,  ab.  2000r.,  1„  1 

lin.,NEpiteh .) 

C.  Blanoo,  (,  rugged,  (ahls.  ] 
2  1.),  NE  sum.,  (S  Core, ) 

%.n ■■■( 

Fort  Desire,  w',  b',  Tniiu 


5*  19 
56  4S 
564, 


'     57  1" 

■  ■761  56-5 


I     64  54 


.     6s  ■ 
.    641 


»  14  64  »S 

»  3  *1  48 

.  IS  63  iS 

I  46  63  37 

»  SI  64    « 

>  jg  64  ao 

»  15  65    g 

\  3»  65  M 

J  55  65  31 

5  t  65  19 

5  0  Ss  40 

S  10  6s  S3 

;  6  6s  56 

S  ij  S6  30 

5  34  S7  M> 


Ss  44 
■0  65  ss-s 


bn 


TABLE   10 


MARITIME  POSITIONS 


(141) 


Places 


•25 

I 


I 


Sea  Bear  B.,  *',  b^,  ^  at  pt,  \ 
Penguin  I. j 

Sinus  r¥ 

Monte  Video,  ab.  300f.,  4m. ) 
inland  ) 

Watchman  C,  /.  (shl.  2  L,  5  ).. 

Bellaco  rk.,  or  Eddystone,  6f. . 

C.  Curioso,  /,  striped 

Wood's  Mt.,  vis.  Ill 

Port  St.  Julian,  02,  ShoU  Pt.. 

C.  Francisco  de  Paulo,  1 

Port  Sta.  Cruz,  bar  uf..  Mt.  \ 
Entrance,  on  S  side,  1, 350f.  j 


Lat.S 


47°55' 
48    7 
43  14 

48  ai 

48  19 

49  " 
49  n'7 
49  iS'3 

49  4* 

50  9 


I 


South  Georgia,  ^  301.,  C.\ 
North,  pt.,  or  C.  Buller ...  j 

Wallisl.,  EW4m.,Wpt 

AnnenkoTl.,[2m.],  SWside... 

S  Cape,  Sst.  rk 

Clerks'  rks.,  ^  2 1.,  /^,  S  eztr. 
Shag^ Q 

Marquis  de  Traverse  Is.,  A,  i 
N  one,  Zavodovski,  [3m.]  ] 

—  W  one,  or  Lieskov,  [2m.].. 

Candlemas  Is.,  EW  6m.,  A, ) 

vole.,  E  one / 

Saunders'  I.,  ^  6m.,  sum 

Montague  I.,  [3  L],  Cape 

Bristol  I.,  [31.],  Ept 

Southern Thule  Is.,  [3 1.] ,  E  pt. 

E  extreme  of  group,  rk 

Laurie  I.,  EW  7 1.,  E  pt,  C.  \ 

Dundas,  559f. / 

Murry  Is.,  1410f.,  S  one  

Saddle  I.,  [4m.],  Wpk.,  1643f. 
Coronation  I.,%  12  l.,E  sum.  1 
5397f.  f 

—  NW  pt,  or  Pt.  Penguin  .... 

Despair  rk 

Inaccessible  Is.,  [4m.],  337f.... 

Comwallis  L,  [2m.]  

Elephant  I  ,^  9  L,  £  sum. ... 

—  Rocks,  NW-d..  outer 

O'Brien  I.,  [Im.]  

Rocks O 

Bridgemanl.,  [2m.],600f. )  ^ 

volcano j  ^ 

King  George  I.,  Jf-  13L,\  ^ 

E  pt,  or  C.  Mdville  ...  f  V 

Ridley  I.,  [2m.] 

Livingston  I.,  ^  10 L,  NW) 

pt,  C.  ShintSr. ) 

DeceptionI..NS10m.,Port\ 

Foster,  SB.  Mt  Pond  ...  /  * 
Smith  I ,  EW  7  1.,  Mt  Fos-  \ 

ter,  6600f. j 

WUUamrk 

C.  Possession  

Astrolabe  I.,  EW  4m.,  mid.... 
JoinviUe  I.,  EW  15  L,  S  pt, ) 

or  C.  Purvis  j 

C.  Seymour 

Mt  Haddington 


53  57 


54 
54 
54 
55 
53 

56 
56 


4 

3' 

55 
I 

48 
18 
4' 


57  10 


57 
58 
59 
59 
60 

60 

61 
60 

60 

60 
60 
60 

61 
61 
6x 
61 
61 

62 

61 
61 
62 


Lon.W 


65O42' 

65  37 

66  26 

66  20 

66  12 

67  37 
67  45-0 
67  41*2 

67  37  * 

68  22 


38  13 

38    21 

37   13 

36    XI 

34  48 
43  »5 

27  29 

28  10 


26  45 

52  26  24 

27  26  44 

o  26  ]8 

26  27  13 

49     44  ao 


54 

2 
43 

46 

35 
36 

40 

4 
6 

o 

32 

43 

6 

2 

48 
28 


62  55*6 


63 

63 
63 
63 

63 

64 
64 


»7 

45 
16 

39 
«3 

12 


44  »5 

44  30 

45  >o 

45  53 

46  40  . 

47  1* 
47  38 
54  *8 

54  45 

55  40 

55  5» 

56  50 

56  40 

57  30 

58  o 

60  28 

6c  35-0 

62  47 

63  o 

61  50 
58  20 

55  48 

56  32 
58    2 


(142) 


Places 


Biscoe  Is.,  Pitt  I.,  mid.. 
—  Adelaide  I.,  A,  mid«  . 

Alexander  I.,  N  pt 

St  Peter  I 


Sir  Jas.  C.  Ross'  furthest. 
Mt.  Erebus,  12,4000f. .... 

Mt  Sabine  

Balleny  Is 

Adelie  Land,  Geology  Pt 


I 


LatS 


20 


65 

67     15 

68  51 
68  57 


78 
77 

71 
66 

66 


50 
5« 
5« 
5* 
5» 


4 
33 
4» 
44 
35 

5^-5 


Lrf>n. 


West 


68 

40' 
»5 

73  'o 
90  46 

East 

161 

0 

166 

169 
.63 

58 

55 
11 

140 

10 

West 

61  27-7 
3*2|6i     3*o 


60  52 

61  17 
60  54 

52  ii'o6o  41*2 


«7 

4» 
II 


1 


51 
5» 
5» 


Jason  Is.,  ^  9 1.,  }  [If  W  Cay 
Grand  Jason,  %  4m.,  12I0f.... 

White  rk 

New  I.,  NS  5m.,  EB  -t,  NW  pt 
Bird  I.,  EW  l^m.,  410f. 

West  Falkland,  ^  25 1.,  Port  1 

Stephens,S,entr.E  ptsum.  / 

C.  Meredith,  S  extr.  290f. S^  i5*2l6o  38*0 

Albemarle  rk.  150f.  52  i3*o|6o  21-7 

Port  Edgar,  S,  S  head,  sum...; 5^    0-760  13-2 
C.  Tainar,  150f.,  N  cliff,  sum. . 

Port  Egmont,  Cove,  ruins 

Wreck  I.,  EW  3m.,  W  extr.... 
Port  San  Carlos,  S,  w,  b.  Fan 

ning  Hd.,  SW  sum. 

Eddy  stone  rk.,  200f.  

East  Falkland,  #  27  1.,  Port ) 
Salvador,  B3,  Shag  I.,  entr.  j  i 

C.  Carysfort,  NE  diff '51 

Port  Louis,  S,  Settlem.,  fl.st  ®  51 
E  extr.,  C.  Pembroke,  It.  F  llOl'  5 1 
PortWilliiuQ,  Stanley  9,^,11 

f  I 


17    159  29 
2]'o6o    3-0 
10*060  14'C 


51  a7"»59  7? 
51  10-059  **5 
51  »3'7  58  19*0 


r,  r,  b,  Gov.  Store  ho 
Lively  I., NS  7m.,  SE  pt,  (rks.) 
Sea  Lion  Is.   and  rf.,  EW) 

11m.,  W  extr. / 

George  I.,  ^  7m.,  rks.  W) 

2m.,  SWpt  / 

A  shoal? 

Beauchene  I.,  [Um.],  200f., ) 

(rk.  ^5m.?),  S  pt j 

PattigoiUa,eomtimiedJ)romOA})  1 

Coy  Inlet 

:C.  Fairweather,  ab.  300f.,  S  pt 

jPort  Gallegos,  S,  W  head 

C  Virgins   

Dungeness  Pt ® 

C.  Possession,  ab.  300f.,  mid. 
Direction  Hill  Obs.  spot   ...  ® 
Sandy  Point,  boat-ho. B 

Orange  Pk 

Pt  St  Mary,  (vr.  b) 

Port  Famine,  tent  Nside  Bay  ® 

C  Froward,  (S  extr.  of  America) 

Port  Gallant,  Cross  Id 

Mt.  Sarmiento,  6800f.,  2  pks. 

Mt  Buckland,  ab.  4000f. 

Port  Angosto,  Hoy  Pt 

E  Tuesday  B.,  Cascade  Pt 

^   Fort  Churruca,  Thomb  Pt.    .. 

iPort  Tamar,  Mouatt  Id 

jSholl  B.,  Obs.  spot    

!pt  Catherine,  / 


25*257  50-5 
32*0  58  7*0 
40-7  57  42-0 

41-257  51 

4V58  250 

25-059     8-5 


51 
5* 
5* 

52  22-3  59  47-7 
52   32      59  40 

52  55-759  ""7 


•§ 


50  54 

69  8 

51  321 

68  55-5 

51  3«-7 

69  43  c 

52  20-2 

68  21-7 

52  24 

68  25-7 

52  17-0 

68  567 

52  21-4 

69  29 

53  «o 

70  53*5 

52  283 

69  25-5 

53  »i» 

70  58-0 

53  38-3 

70  56*0 

53  53*7 

71  18-5 

53  4* 

71  59  » 

54  a7*a 

70  5»'5 

54  26-0 

70  227 

53  "9 

73  a<*5 

5»  49*9 

74  *8*5 

53  i*c> 

73  59*5 

5a  55-5 

73  44-5 

5»  44a 

73  53 

52  32 

6844 

TABLE   10 


57b 


MAlllTIME  POSITIONS 


(143) 


Lat.S 


I: 


aSt  SebMtiAn,  1,  dark,N  sum. 

a  PeiUs,  SE  diff 

C.  San  Diego,  /,  1,  £  pt 

SUten  I.,  -^  12 1.,  E  pt ,  C.  \ 
St.John,  Sa,w,b,  Ediff/ 
^  Port  Vancouver,  w,b,  SWhd. 

Good  Soocess  B.,  V,  w, b,  S  bd. 
CUoimI  Success,  A,  _L,rka.  doae 
Ushuwii,   Btiigle    Channel,^ 

Mission  Suuioo J 

New  I.,  Jk  8m.,  l^,  E  pt.  rk... 
BarneTeldt  Is.,  [2im.],  cent... 

CHorn,  ab.  500f. 

Hermit  I.,  EW  14m.,  West  C. 
—  St.  Martin  CoTe,  ffi,  b,  w .. 

Orange  B.,  EB,  Burnt  I 

Falfc  C.  Horn 

Udefooao  Is.*^  5m.,  100f.,mid. 

Diego  Ramirea  Is.,  NS  5m.... 

York  Minster 

C.  Castlei«agh,  (barb.  HE-d). 
C.  Desolation,  (pks.  over) 


Lon.W 


<< 

M 

H 

■< 

30 


e 


5 


Townshend  Harb.,  t^",  islet,  N 
Tower  rks.,  2,  [I^m.],  S  &  Est 
C.  Noir,()  2m.),  600f.,  S  pt.... 

C.  GloQcester,  W  pt 

Landfall  I.,C.Scbetk7,  ()  IJm.) 

C.  Inman,  (rk.  ^2m)  

C.  Deseado,  A,  (rky.  I.  2m.  off; 
Dislocation  Harb.,  S,  (w  H^)... 

Jadge  rks.,  onier,  50f.   

C.  Pillar,  14  cliff 

Harbour  of  Mercy,  (^  "4m.) 
E^.of  C),  Bottle  I.,  snm.  j 

Otter  B.,  Obs.  Pt 

Fortune  B.,  Low  I 

Isthmus  B.,  Obs.  Pt 

Colambine  Cove,  islet   , 

Mayne  Harb.,  head  of  Str.   .. 

Puerto  Bneno,  Obs.  Rock , 

Port  Grappler,  Obs.  Pt 

Eden  Harb.,  cove,  (staff)  

HaltB..  Obs.  1 

Island  Harb.,  Obs.  I 

Westminster  Hall,  [Im.],  h  .. 

E vangdists,  Sug.  loaf    , 

C.  Tictorj,  or  Narborongh,  pt« 
Diana  Pk 


53^19' 

53  5'4 

54  4« 

54  4*'8 

54  49*8 

54  49 
54  55 

54  53 

55  15 
55  49 

55  59 
55  50 
55  51 
55  30*8 
55  43 

55  5a 

56  25 

55  a5 
54  56 
54  4« 

54  4*'3 
54  37 
54  30 
54  5 
53  " 
53  18 
5a  55i 
5*  54 
5*  5> 
5a  43 

5»  45-0 


5*  aa*5 
52  158 

9-6 

53-3 
18-5 

50  594 
49  *5-3 

7*5 

543 
3*6 


5» 
5« 
5> 


49 
48 
48 


^ 


C.  Isabel,  h,  1,  (pk.  2m.  E),  pt. 
Cambridge  I.,  C.  St.  Luda  . 

Scout  rks 

Madre  de  Dios  Archip.,  W  pt  1 
C. Three  Pts.,  2000f.,(rks. 2m.) 
Port  Henry,  ffl',  w.  b,  W  head 
Mt.  Corso  I.,  SW8um.,(8hl8.  ] 

5m.) j 

C.  Montague,  (rks.  2  l.),W  cliff 

Parallel  pk.  2m.  inland  ..., 

Dundee  rk 

Port  Sta.  Barbara,  EB,  W  head 
Guaiaueeo  Is.,  Wagtf  I.,  E  pt 
C.  Machado,  $^  (rks.  2m.)  o 
Puroell  I.,  [2m.l.  %  SWrk.Q 
Port  Otway,    S,  S  entr.,  sum. 


51  37 

5*  »4 

51  16 

52  % 


5« 

5» 


5* 
30 


50  49 
50  36 
50  2 
50    o 

4948 

49  7 
48  46 
48  6 
48    2 

47  39 
47  a6-5 
46  56*5 
46  49-5 


68°  10' 

67  33 
65    7 

63  43*5 

64  6*0 

65  13 

65  22 

68  14 

66  27 

66  45 

67  x6 

^7  55 

67  34 

68  1 

68  6 

69  19 

68  44 

70  5 

71  28 
71   37 

71  557 
73     3 
73     6 

73  a9 

74  13 
74  «9 
74  38 
74  37 
74  49 
74  43 

74  39'5 

73  40 
73  4» 
73  36*5 

73  41*5 

74  I  "'7 
74  I7'5 
74  as* 
74  a  I 
74  36a 

a4 

7 
74  55 

74  48-5 

75  »3 
75  a9 
75  40 
75  3a 
75  a2 
75  >8 

75  a9-5 

75  34*5 
75  a8-5 

75  40-5 
75  a77 
74  58 
74  30-5 

74  41 

75  I7*a 


74 
75 


(144) 


Places 


t 

6 


< 

M 

% 

< 

H 

H 

P 

O 

CO 


g 


I 


C.  Tres  Montes,  1,  2000f.,  pt. 

C.  Raper,  rk.  dose 

C.  Gallegos,  j , 

San  Estevan,  port,  w,  3^,  entr. 

Hellyerrks.,  [Im.] 

C.Taytao,ab.3000f.,l,)lm., ) 

Wpt J 

Huamblin  I.,  NS  3 1.,  J,  W  hd. 
Ypun,  or  Narborough  L,  % 

9m.,  (Scotchwdl  Harb.,  SE, 

b,  w),  S,  or  John  Pt 

Port  Low,  BB,  w'",  b,  r,  Hua-  \ 

canec  I.,  %  2m.,  S  pt ....  j 
Huafo  I.,  ^  13m.,  ^^  %  \ 

NWpt  800f.,  (rks.  3m.)/ 
Chiloe  I.,  NS  321.,  Wpt, 

C.  QuUan,  j^ 

—  C.  Matalqni 

Huechucucuy  Hd 

Corcobado  Vole.  7500f. 

Chayapiren  Vole,  8000f.,  sum. 

C.  Quedal,  j 

Pt.  Galera,  W  pt 

Gonzales  Hd.,  N  pitch 

Fort  Corral 

Valdivia,  BB,  City 

Mocha  I.,  ^  7m.,  (rks.  3m., 

5t,H*and-t,L/,ro,b,w^')f 
snm.,1250f. 

Tucapel  Hd..(R.  Leiibu,  Ed.) 

Sta.  Maria  I.,  NS  6m.,  /,  ), 
(As.  4-  11.:  y,  ^),  r),  ri- 
vulet SE  side  

Aranco,  fort 

Paps  of  Bio  Bio,  800f.,  SW  sum. 

Conoepdon,  ffi,  City,  mid.  at 
river 

Talcs  huano,w,  r,  b^,  fort  Galves 

Pt.  Carranza,  rks 

Riv.  Maule.  Church  rk.,  (bar 

H^Uni.).  i 

Bncdemo  Hd.,  (Rapel  shl., 

^2m.)  

Algarroba  Pt 

Caraumilla  Pt.,  rk , 

Bell  of  QulUota,  6200f.,  7  1. 

inland  

Aconcagua,  23,200f.,  25 1.  inland 
Valparaiso,  S,  (E,  0^  P) 
f.  on  NW,  or  Angdes  [ 

Pt.),  fort  St  Antonio ) 

Horcon  B.,(*',  w',  r,  b),  Hd., » 

(rks.  limO / 

Papado  B.,  Gobemador  Mt.  .. 

Picbidanque  B.,  $  s ,  Locos  I. 

Mt  Talinay,  2300f.  

Pt.  Lengua  de  Vaca,  (B.  E-d.  ^) 

Herradura  de  Coquimbo,  S,  \ 

Wq  bo,  SW  comer ) 

Coquimbo.  IQ,  w^,  15,  r,  {\,  Sig- 

nal-hill).   City,  Mr.  Ed- 

wards'  ho 

Pajaros  idets,  2,  ^  3m.,  N 

&Wone 

Chaneral  I.,  [2m.] 

Guasco  Port,  ^„  w'",  Riv. ... 


LatS 


46^59' 
46  49 

46  35 
46  18 
46    4 

45  53 
44  49 

44  407 

43  48-5 
43  3^ 

43  «7 

42  II 

41  46 

43  "'3 

42  48*0 

41     3 

40    2 

39  5» 
39  5a-9 
39  49 

38  23 

37  36 
37    a-8 

37  15 

36  48 

36  49'5 
36  42*0 
35  37 

35  197 

33  5a 

33  a6 
33     6 


Lon.  \V 


75' 

75 
75 
75 
75 


'26 

39 
36 

9 
115 


75  5*5 
75  " 

74  457 

73  59'5 

74  46 

74  a3 

74  " 
74  o 
7a  457 

72  31-5 

73  577 
73  437 
73  a67 
73  a6 
73  157 

73  557 

73  387 

73  3» 

73  19 

73  "« 7 

73     a-2 

73  7 
72  387 

7a  26-2 

71  497 
71  417 
71  447 


3a  57'a7i     6-2 
3a  38J  69  577 


33     1-971  38 

3a  4*1  71  307 

la  31  ly,  287 
3a  7-971  327 
30  5>  71  387 
30  14     71  387 

a9  58771  227 


a9  54-a7i  157 


a9  33 

29     I 
28  27 


71  35 

71  37 
71  16 


J 


674 


TABLE   10 


MARITIME  POSITIONS 


(MS) 


PUoei 


) 


I 


ft 

M 

< 

a 

H 

C3 

O 

CO 


I 


Herraduni  Pt,  ^,  ['»  ^  • 
Copiapo.*^.  1^,  ^  To  bj. ,  luid.pl. 

Morro  Pt 

Port  Caldera,  W  hd.,  (w  -jp  2]ii.) 

Flamenco,  port,  S  head 

fiallena  Pt.,  rks 

Grande  Pt.,  A,  :^  E,  W  sum. 

1572f.  

Paposo  vill.,  w,  b,  White  hd. .. 

Jara  Hd.,  1,  w  N 

Mt  Moreno,   (Jorge,  old), 

4160f.,  ♦o,  

—  Constitution  Rd.,  [^] ,  y^  b^ 

Leading  bluff,  islet  off 

Mt.  Meiillones,  2560f.,  (3di. 

inland) 

Cobija  B.,  "^^  r,  11.  St.,  I  ... 

—  Pk.  3330f.  

C.  St  Francisco,  or  Paquiqui .. 

Arena  Pt.,  /,  $  To 

R.  Loa,  ||«,,  w„,  and  Gulley .... 
Chipana  B.,  ^  tail  of  pt,  |,|^.. 

Lobo,  or  Blanco  Pt ,  A,  I^ , 

Carrasco  Mt,   5520f.,  (4m.) 

inland) / 

Gmeso  Pt.,  /,  1,  [^ 

Iquique,  w,  cent,  of  Id , 

Pichalo  Pt,  projecting 

Pisagua,  Gully  and  R.,  ||o^/  — 

C.  Lobos 

Victor  GuUey 

Arica,  w"',  y,  mole 

Morro  of  Sama,  3890f.  

Coles  Pt,  /,  sandy,  (shls.  4m.) 

Ylo,  4ff  B,  rivul.  mo  

Pt.  Mexico,  /,  $ 

Islay,  port  of  Arequipa,  Cus-  \ 

tom  ho ) 

Cornejo  Pt 

Quilca,  l„  by,  Cove,  W  hd.  ... 
Mt  Camana,  (Mt.  like  a  fort) 
Pescadores  Pt ,  t^,  (£  S  Im.) 

Pt.  Lomas,^4"f  "%f  "^o*  ^-  **•  •• 
Port  San  Juan,  ffi,  y^  b^,  ^ 

(rks.  J^  2m.,  or  Im.  firom 

Steep  Pt.),  Needle  Hum. .. 

Beware  Pt.  A,  1 

Pt.  Nasca,  1,  1020f.  

Mesa  (Table)  de  Dona  Mari*.. 

Inftemillo  rk.,  50f.,  i^ 

Mt.  Quemado,  2070f.,  t 

ViejaI,%3im.,«NE,  tE, 

Npt 

Carretas  Hd  ,  S  pt  

Sangallan  I.,  \  2im.,  A,  1,  j 

N  sum ) 

Pisco.  (l\  w',  S  2m.  of  Pa-  ^ 

racca  vUl.),  r,  b  ) 

Chincha  Is.,  -Jf^  3m.,  N  pt  ... 

Cerro  Azul,  [1, ,  A,  1 

Asia  rk.,  [Jm.J,  rks.  pk.,  I'  £.. 
Chiica  Pt,  1,  sum.  300f.  ... 

—  Port,  ^,  CQ,  rock  

PachacAinac  Is.,  ^  1 1.,  400f., 

)  W-d.,  N  one 

Murro  Soliir  (Bay,  t  )),  860f. . 


Lat  S 


28«  6' 
27  19-5 
27    7 

27     3*o 
26  34 

*S  49 
as 


»5 

23 


7 
2 
53 
23  28*5 

23  26*7 
23     I 

65 

34 
ja 

56 

39 
28 

23*0 
5 

20  58-5 


*3 

22 
22 
21 
21 

TJ 
21 
21 


Lon.w]  (146) 


Places 


7I*''! 
70  $9 
70  $9 
70  53 
70  45 
70  4« 

70  31 

70  30 
70  33 

70  35'* 

70  37*5 
70  3* 


} 


20  23 
20  12*5 

9  37 
9  34 
845 
8  43 
8  28*1 

7  59 
7  4* 
7  37 
7   II 


70 

70 
70 
70 
70 
70 
70 
70 

70 

70 
70 
70 

70 
70 

70 

70 

70 

71 
71 
7« 


O'O 


5» 

42-3 

37 
*4 
33'aj 


5  ao*9 


5    9 

4  57 

4  41 

4  40 
4  20 

•f  >5 


7» 

7» 

7* 
72 

73 
74 


3» 
It 

■5 

12 

10 

3 
8 

»3 

7 

13 
11-5 

16 

»4 
21 

^3 

53 

13 

ai 
49 
7-2 

10 
18 

4* 
18 

5* 


75  »3 


*3 
32 

5> 

54*7 
7*7 


II 

50 

43 

38 

3 

48 

3» 
29- 3 

2  18 

2  II 


75 
75 
75 

'7I 

76  13-7 
7*  1 6-7 
7«  187 

7«  137 
76  14-7 
76  307 
76  387 
76  50 

76  49*5 

76  557 

77  37 


San  Lorenzo  I.,%44m.,I284f. ) 
N  pt,  or  C.  St  Lorenzo ...  ) 

Callao,  S,  IQ,  r»  w,  1&,  Arse-  \ 
nal,  fl.  St / 

Lima^bridge  

Hormigas  Ss.,  [l|m.],  25f.,) 
J,  S  one  / 

Pescador  Is.,  j,  l^.,  l«ge 

Salinas,  hill,  (Haura  la  SW-d.) 

Pelado  ^.,  small 

Huacho  B.,  4^  5 ,  l\  f,  w,  b,  pt 

Sup6  B.,  r,  r,  w,  vill.,  W  pt.. 

Darwin  pk.,  580af. 

Guarmey  B.,  **,  wnt,  r,  V 

Lerarto  Hd.,  1 

Culebras  Pt,  *  N 

Mt.  Mongon,  A,  W  sum.  3900f. 

'Casma  B.,  ^,  [^,  w,  r,  b  

I  Samanco  B.,  I',  w',  r,  b,  huts.. 
|Mt.  Division,  3  pka.,  1880f.  ... 

Ferrol  B.,  -%,  N  pt 

Santa  L,  [l^m.],  tf  NE,  L',  w, r 

Sauta  B.,  $  T,  wat  pL  

Chao  Is.,  large,  [Jm.],  120f. 

Guafiape  hill,  ab.  700f.,  (Is. 
1     i|-8m.)  , 

Huanchaoo  Road,  l^,  r,  w,  Ch. 
Q  Truxilk>,(l|m.inland),^,r,Ch. 
*    Pacasmayo  pt.,  *,  Lr,  w,  r,  b ... 

Mt  Sulivan,  5000f.,  17m.  inland 

Eten  Hill,  640f.,  a  Mk. 


H 

ai 
m 

h 

p 


Lat 


Lon.W 


Lambayeque  Rd.,  3  ^1  U>  \ 
^r,  b^, ) 


Lobos  de  Afnera  Is.,  NS  3m., 
ab.  lOOf.,  ♦o.  Tit,  bo,  >o» 
Cove  £  side 

Lobos  de  Tierra,NS  2 1.,$  -|^,  \ 

Spt j 

Aguja  Pt,  1,  150f- 

Pisura  R..  ^',  Sechura  Ok  ... 

t    Saddle  of  Payta,  I300f. 

t    Payta,  [0,  *",  11^*  X»  '**''  *■***  •• 

Farina  Ft,  1,  80f. 

C.  Blanco,  A,  1,  i^ 

Picos  Ft,  i.-  i 

Malpelo  Pt.,  I,  f  

Sta.  Clara  I.,  [14m.],  shls.  It  F 

Puni  I.,  ^  9 l.,Pt  Espanola,  \ 

Consulate j 

-*  i  Guayaquil,  w,  f ,  ^,  Arsenal  ... 

St  Helena  Pt  

Salango  L,  [Im.],  w,  U^E  .... 

Plata  I.,  %  3m.,  ram 

C.  St.  Lorenzo 

C.  Passado  


I 


I 


GaleraPt  

Atacames,  town,  w,  (shla.)  • ... 

Esmeralda  R.,  vilL  E  bk 

Pt.  Mangles 

Tumhco  Ud.,  Morro  chico    ... 

Pt.  Guascama 

I.  Gor^ona,  Jf-  5m.,  15296f.,N  pt 
Pt.  Chinrabiri  


South] 


40 


»    3 
I  58 

«  47 

»  »5 
I  18 

«     9 
o  497 

o  30 

o     6 

o     7 

9  S» 

9  38 
9  28 

9  »5'6 

9  " 

9    7 

9    * 
9    o 

8  46 
817 

«    5 

«    7-5 
7  *5 
7  «7 
655 

6  46 


77*'"5'7 


77 

77 

77 

77 
77 
77 
77 
77 
77 
78 
78 
78 
78 
78 
78 
78 

7« 
78 
78 
78 


10-5 

*-7 
467 

16-' 

3^-7 
49' 7 
377 
44-c 

9  7 

107 

12  7 

187 

1X7 
19*2 

34-" 
367 
397 
3«7 
45'7 


7«    53*7 


79 
79 
79 
79 
79 

79 


5*7 
i-o 

34-7 

177 
517 

567 


6  56780  4.1-0 

6  29    80  497 

5  55     «i     6-' 

5  350 «o  467 


5  " 

5     55 

4  4> 

4  >7 

3  45 

3  3« 
3  10 

a  47-5 


2  12*479 


2  II 

I  36 


I  16    81 


1     3 
o  21 

North 

o  50 

0  53 

1  o 

1  35 


81  67 
81  5-5 
81  II 
81  16 
80  48 
80  31 
80  26 


79  57*o 


81 

80 


1  496 

2  37 

3  0*0 

4  17 


|8o 
80 

80 

79 
79 
79 


78 
78 
78 
77 


527 

2 

54 

7 

57 
32 

7 

53 

4» 
5 

445 

»4 

10 

19 


TABLE  10 


675 


MARITIME  POSITIONS 


(147) 


C.  Corrieates 

C.  Pranciflco  de  Solano 
Pt.  Caracoles 


9 
s 
ia 


Pt.  Goarachina,  (S  aide, ) 
i     entr.  G.  St.  Michaal)..)  *" 

,1.  Rey,  ^  6  I.,  P».  Coeos  ... 
L  Sl  Jose,  [2  L],  S  pt 

'  Panama,  S,  N£  bast e 

Taboga  1.,  [2m.] t  ▼01.  -|^,  w .. 
Otoque  Is.,  %  24m.,  S  islet.. 

Pt  Chame 

Pt.  Mala 

Point  Pucrcos 

Hicaion  I.,  (Quicara),  and ) 
ialetS),  NS  5m.,  Sialet.) 

Quibo  I.,  ^  7  L,  W  pt.  

Montaosa  I.  [^m.] 


Lat.  N    Lon.W 


(148) 


Places 


Bahia  Honda,  9.  w,  Senti-  \ 
nela  I.,  at  entr.,  (w  -f-  2m.)  j 
Pt.  Barica,  Id.  off 


< 

CJ 

M 

< 


M 


§  ,  Magnetic  I.,(offPortPoa-\  ^ 

SI     blo.ffl>.  [4c.] /  ® 

G.  of  Dolce,  C.  Matapol,  1 

(rks-olT)    / 

Cafiol.  [Im.]  (w"'-|4Um.) 
Nicoja  G.,  Puntas  Arenas  1 
liarb.,9.w,r,PandeAzacar  / 
C.  Blanco,' b^^,  (islet  S,l 

Um.  II) i 

Guinonos  Point,  (reef  off  ) . . . 

C  Vclaa  

Culebra,  S,  entr.  S,  Vira- 

dores  Is. 

St  Elena  Pt 

Salinas  B.,  Salinas  I.,  [3c.]  . 

Port  St  Jnan,  S  bluff 

C.  Desolado  


g 


) 


) 


5^ 
6 

7 
S 


»9' 

I? 

6 


13 
IS 

56-9 

8  47'9 
8  34 
8  39 
7  *8 

7  »4 
7 


7 
7 


1% 

31 
28 


435 
I 

4-6 

8  16 

8  40 

9  55-8 

9  3a 


Ui.N     Lon.W 


9 
10 


55 

*9 


1 

s 


I 


Realejo,S,i:,b,CardonI.,\ 

ifc|m..Npt,(w-{4lm.)l  ® 

VolcanViejo,  5562f. O 

Pt.  Conseguina,  (Volcano,  \ 

3800f. -f  31) 

G.  of  Conchagna,  Port  Na- 

casoolo 

—  Port  de  la  Union,  SB,  V,  r, 

Chicarene  Pt 

libertad,  [„  f,  U.  F. ... 

Pt  Remedios,  /,  f  ^.  J-  3m.) 

Acajutla,  Till ,  ^  11,  Lf  It.  F* 

San    Joee   de    Guatemala,^ 

Pier  Road J 

Water  voloaiio 

St  Frano.  de  Tehnantepec,  bar 

Port  Goatulco,  rky.  islets.. 

Port  Galera 

Acapulco,  Sy  w't  r I  fort  St.  1 

Diego.  E j 

PtTeqoepa  

Port  Sibnatenejo,  NW  bight. 

Tejnpan  R  ,  S  head 


9 


10  34-3 

10  ss 

11  2*8 

11  15*2 

12  24 

12  27'9 
12  41 
12  58 

12  59 

13  17*» 

13  30 

13  33 
13  37 

13  56 

14  33 

16  13 

15  44*4 
ri6  o 

16  50*8 

17  20 

17  38*0 

18  16 


Colima  Volcano,  12,000f. 119  25 


77^3*' 

77  %7 

78  16 

78  »3 

78  54 

79  7 

79  31*? 

79  3»? 
79  19 

79  41 

79  S^ 

80  25 

81  46 

81  $1 

82  13 

81  31 

82  55 

81  47 

83  17 

83  51 

84  5* 

85  7 

85  37 
85  50 

85  40*0 

85  46 
85  39 

85  53 
87  2 

87  9-5 

86  58 

87  37 
87  16 

87  44'? 

89  17 

89  45 

8945 

90  45 
90  41 

94  5« 

96  8 

97  5* 
99  52 'C 

loi  8 

loi  31*0 

103  27 

103  33 


Wq,  Morro,8pit 


a 


^  \  Mantanilla  B.,1?',  w.  village.|  19     3'2]i04  17*7 
'  Port  Navidad,  S  head,  sum. .. 

Pt  Farallones,  (rks.  off) 

C.  Corrieates,  flat.  *  

.Itrevida,  (Corvetena?)  rk. ... 


19  13 

104  41-5 

19  17 

105  8 

20  25 

105  39-5 

20  43 

105  47 

I  Banderas  B.,  Pt  Mita    

j  Tres  Marias  Is.,  S.  Juanito... 
i  Mt  St  Juan,  6220f.,  5 1.  inland 

San  Bias,  w^,  r,  i,  Arsenal  ... 

Piedra  de  Mar,  150f.,  T 

Isabel  I.,W0,  b^,  pk 

Chamatla  R.,  m.,  W  pt 

Mazntlan,  i^^.  Cust.  ho 

Culiacan  R.  entr 

—  Ahata 

I.  St  Ignacio,  [Im.]  i,  SOOr. 

Pt  St  Ignacio 

Esterro  de  Ajtabampo,  bar.... 

Pt  Rosa  

Lobos  I.,  [5  1.1,  SWpt 

Guayma.*,  ^wr  1 

C.  Haro    .. 

Tetas  de  Cabra,  (goaU*  teaU) 

I.  Sr.  Pedro  Nalasco,  [i  L]... 

Tiburonl.,  [9  L],  W  pt 

C.  Tepoca 

Rocky  Pt : 

Colfirado  R.,  Port  Isabel  ... 

San  Luis  I 

San  Felipe  Pt 

Guardia  I.,  %  13  1.,  N  pt... 

Sta.  Teresa  B.,  N  pt 

I.  Tortuga,  [2in.]   

.Sta.  Inez  Pt 

<  AgviaPt 

Ildefonso  I.,  [Im.]  

Ijoreto  

Carmen  I.,  -^^4  L,  £  pt 

CaUlina  I.,  [Tm.],  N  pt 

Sta.  Cruz  I.,  [3m.]..... 

San  Jos^  I.,  ^  6  1.,  SE  pt.. 

Espiritu  Santo  I.,%  4  L,  N  pt. 

La  Paz 

Cerralbo  I.,  ^  5 1.,  N  pt... 

Pt  Arenas   

San  Jos^  Mission  r  w*^  . . . 

C.  St.  Lucas,  rks.,  h,  Ito,  ( w 
▼ill-f) 

Margarita  I.,  2000f.,  S  pt 

Magdalena  B.,   BBl  £n-l 
trada  Pt   /* 

C.  St  Lazaro,  Mt  ISOOf.  ..< 

San  Jiianico  Pt   

Pt  Abreojos 

I.  Asuncion  

Purt  St.  Bartholomew,  N  Hd. 

I.  Cedros,or  Cerros,  NS  8 1., 
Spt?    

Is.  San  Benito,  W  one,  small. 

Playa  Maria  B 

I.  Stifi  Geroniino,  [1  1.]  ...  $ 

St.  Quintin,  SB,  C  VirgeneM. 

C.  Colnett  SW  pt 

Todos  Santos  Bay,  W  Cape... 

Coronados  rks.,  %  5m.,  S  isl. 

St  Diego,  S,  iV,  rt  Loma  ® 

St.  Juan  B.,  t,  ft,  [,,  Outer  rk. 

St  Pedro  B.,JD;,  ir  r 

Cortez  bank,  2] 

8tClementeI.,%[6l.1,SBpt 

Sta.CatalinaI.,%[61.],SEpt. 


} 


} 


21 
21 


20O46' 
21  45 
21  27 

21  32-5 

35 
512 

22  50 

23  117 

*4  38-5 

24  41 

25  26 

»5  36 

26  16 

26  41 

27  20 

»r  540 

27  so 

28   I 

27  59 

28  52 

30  16 

31  16 

31  47 

31  57*5 
31  2 

29  32 

28  26 
27  21 

27  I 
26  52 
26  38 
26  o*5 

»5  57 

15  43 

25  18 

»4  53 

H  35 
24  10 

24  22 

24  I 

43  3*5 
22  52 

24  18 

24  323 

^4  47 

26  2 

26  42 

27  4 

27  39-8 

28  3 

28  12 

28  55 

29  48 

30  21-5 

30  59 

31  42 

32  24-9 

32  388 

33  26*9 

33  43'» 
32  26 

32  50 

33  ao 


o5°27' 
06  39 

04  56-5 

05  15*5 
05  29 

05  53 

05  58 

06  23 

07  57 
07  52 
09  20 
09  19 
09  15 
09  43 

o  36 
o  50 

0  52 

1  I 


1 

2 
2 

3 

4 


19 
34 

5« 

29 

38 


4  a4 
4  49 
35 


5a 
53 
56 
53 
»4 

20'5 

3 
o  49 

o  42 

o  28 

O  22 

o  17 

09  56 
09  50 
09  41 

09  53 

I  42 


3-0 

16 

II 

34 

'5*5 

53*5 


5  " 

546 

4  31 

5  47 
585 

»5 

42 

14 

H7 

46 


8  16*0 

9  « 
8  19 

8  16 


576 


TABLE  10 


MARTXraE  POSITIONS 


(149) 


Placet 


1 


UtN 


Lon.W 


St.  Nicolas  1.,  %  6m.,  John  \ 
Begg  rk.,  [2c.],  NW-d.  .  J 

Sta.  Barbiua  I.,  [2m.] 

Sta.CnizI.,  [71.],  Wpt.  .. 
SU.  Rosal.,  [31.],N.pt.  .. 
San  Mignel  I.,  [1 1.],  pk.   .. 

St.  Barbara,  It 

1  |Pt.  Conoeption.lt.  Eim  250 f. 

J  'Pt.  Argiiello 

1^  San  Luis  Obispo 

Pt.  Pinos,  jlt-P-SOf. © 

Monterey,  w,y^  y,  b,  fort.  ® 

Pt.  Ano  Nuevo I  37  57 

Farallones,  rks.,  [Im.]  pk.  ©1  37  41 


33°»2'o 

33  »3 

34  5 
34    » 
34    » 
34  *4"» 
34  »5'5 

34  35 

35  10 


"9*44' 

119    a 

119  S3 

120  o 
120  20 

119  41*0 

120  26 

X20    39 

120  44 


1150) 


Places 


3 

S 


< 
< 


S 

o 
Z 


© 


St   Francisco,  ffl»  ^»  'i  b»  I. 

Fort,  S  side,  entr ©  J 

\Ct  Bolbones,  S765f.,  10 1.  inl. 

Pt.  de  los  Reyes,  It.  ha  

C.  Bodega,  (Russ.  Stor,  w.). 

Pt.  Arena 

C.  Mendocino,  It.  R 

Humboldt  B.,  It.  F 

Crescent  City  ,Pt.St.Georgc,  1 

It.  Fl J 

C.  Orford.lt.  F 

C.  Gregory,  Empire  City,"! 

It  F.  Fl / 

C.  Perpetua 

C.  Foulweatber,  It  F 

C.  Look-out ••• 

Columbia  R.,  Fort  Astoria... 
-*  C.  Disappointment,  It.  F. 
Shoalwater  B.  Leadbetter  pt. 
Gray's  Harb.,  CQ,  bar,  N  Ud. 

Pt  OreuTille    

Destruction  I.,  rf,  W  2^m  ... 

Flattery  rks .'. 

C.  Flattery,  Tatouch  I.,  It  \ 

F.  162f. } 

Neeah  B.,Wyadda  I.,  SW  pt. 
NewDangene8sPt.,lt.  F.  lOOf 
Whidbey  L,  Admiralty  hd.  \ 

It.  P.  119f.    J 

Port  Discovery 

Smith,or  Blunt  I.,ltRim.  90f. 

Semiahmoo  Bay  

RoberU  Pt.,  W.  side 
Fraser  River,  It.  t.  F. 

—  Garry  Point 

—  Nevr  Westm.  Milit.  Barr. 
Burrard  Inlet,  English  B. ... 
Bowen  I..  Roger  Curtis  C. ... 
Howe  Sound.  Plumper  Cove. 
Tex.ida  I.,  Pt  Upwood  

—  Marshall  pt 

Jervis  Inlet,  Hardy  I.,  SWend 
Mystery  Rock 


36  38*5  "»  55 
36  36*4  121  53*0 
I  __  „   Ijj^j  j^ 

122  59 


© 

b 
8 

o 

S 


Lat  N 


37  48*5 


111  177 


51-9  III 
59'6  123 


37 
37 
38  177 
38  56 
40  16 

40  46 

41  44*5 
41  so 

43  *o 

44  ao 

44  43 

45  »o 

46  1 1-5 

46  i6'S 
46  38 

46  57 

47  19 

47  40 

48  10*2 

48  13*2 

48 
48 

48 

48 
48 
49 


54*5 

O'l 

123  3-S 

»»3  44 

124  11 

114  ti 
114  ti 

i»4  33 
114  11*5 

124    6 


4 
o 

Si'o 

2*1 

I 

9 


22*5 
II'O 

94 


Hernaudo  I  ,  S  Pt 


Mittlenatch  I.,  200f.    

t  iValdez  I..  C.  Mudge   

^  Thurlow  I.,  Knox  B 

Port  Neville,  Robber's  Nob  . 

Port  Harvey,  tide -pole  islet... 

Wells  pas8,Tracey  hb.  Starrk. 

BlunJen  Harb.,  Byrnes  I.  ... 


49 
49 
49 
49 
49 


5*5 
i9'o 

O'O 

O'O 

3*7 
7-1 

13-0 

16-3 

49  ao'3 
49  *4'6 

49  a9'7 
49  48*0 

49  43*7 

49  54*8 

49  58-0 

49  57-0 

50  07 
50  24' 2 
50  311 
50  34-0 
50  5i'o 
SO  S4'4 


114 
114 
123 
124 
124 
124 
124  14 
114  16 

"4  47*5 
114  45-2 

124  36*2 
123 


3 


122 

122 
122 


6-0 

39*5 

545 
5'*5 


122  455 

123  s's 
123  17  o 

123  I2'0 

122  54' s 

133  II'O 
123  26'2 

123  29'2 

124  87 
124  40-0 
124    147 

124  46 o 

124  56*2 

125   15 

125  io'4 

125  39-0 

126  43 
126  167 

126  S3'i 

127  19*0 


© 


at 


Slingsby  Chan.,  Dalkeith  pt 

C.  Caution   

Port  San  Juan,  pinnacle  rk. ) 

N  side  of  Bay  j 

Sooke  Inlet,  Secretary  I 

Race  I.,  It  Fl.  10  sec.  118f. 
£8ai7iMALTH.,S,  w,r,|E|  \ 

Duntze  Head    ) 

Victoria  Harb.,  Laurel  Pt — 
Nanaimo  hb-,  Dr.  Benson's  ho 
Nanoose  Harb.,  entrance  rk. 

Baynes  Sd.,  Henry  B.,  Beak  pt 

Seymour  Narrows,  Plumper  \ 
B.,  W.pt i 

Albert  B  Cormorant  I., bluff . 

Beaver  Harb.,  shell  islet 

P.  Alexander,  Goletas  Chn.  t 
islet  in  centre  of -the  port )  I 

Bull  Hb.  Hope  I.,  Npt  Ind.  is. 

C.  Scott,  500f.,  sum.  of  cape 

Triangle  1 .  680f .  Scott  Is.W  pt 

C.  Russell,  )    

C.  Palmerston,  ) 

Quatsino  Sd..  ent  mt  1275f.  % 

—  Observatory  Rk.,  N  harb. 

—  Observ.  1.,  Koprino  harb. 

—  Kitten  I.,  Hecate  Cove ... 

—  ReefPt 

Gierke  reefs,  W  extreme 

C.  Cook,  or  Woody  Pt., ) 

Solander  I j 

Nasparti  Inlet,  Head  beach... 

Sulivan  Reefs   

Lookout  I.,  },  W  extreme  .. 

Ninety-eight-feet  Island 

Kyuquot  Sound,  Shingle  Pt  \ 
ent.  of  Narrowgut  creek  j 

Thirty-fleet  Island    

Totchu  Pt.,  ) 

Esperanza  Inlet,  Obser.  rk.  \ 

Queen's  Cove  j 

Nuchatlitz  In.,  Port  Lang- ) 

ford,  Colwood  I j 

Ferrer  Pt 

Bajo  Pt.,  rf.  3m 

Nootka  Sound,  Friendly  Cove 
Estevan  Pt.,  S  extr.,  rf.  2m.. 
Hesquiat  Harb. ,  Boat  Cove,  \ 

leading  Mt  2726f.  f 

Refuge  CoTC,  vil.  on  W  side 

Flores  I.,  summit  3000f. 

Sea  Otter  Rk.  6f. 

Clayoquot  Sound,  Obs.  I.,  ( 

Hecate  B j 

Gowllaad  Rks.,  10  to  15ft  ... 
Barclay  Sound.  Obs.  I.,  Al- ) 
bemi  Can.,  Stamp  Harb.  ) 

—  Observ.  I.,  Island  Harb. . 

—  Cape  Beale 

Danger  Rk 

Virgin  Rks.,  135f.   

Pearl  Rks.,  15f.  

Dalkeith  Pt © 

Safety  CoTe  © 

jGoldstream  Harb © 


51' 
51 

48 


4'7 
9-6 


48 
48 


LoD.  W 


33*5 

19*6 

177 

48  15*8 

48  15-4 

49  10*2 
49  «5*7 

49  3^*5 

50  IOC 


50 
50 


350 
42*6 


50  50*8 

SO  S4-8 

50  467 

so  si-9 

so  41*0 

50  365 

50  27- 5 
50  19-4] 
50  30 


1 27*40  o 
127  48*0 

124  175 

113  42-7 

113    32*2 
123   267 

123  23"0 

123  56*6 

124  80 

124  51-1 

125  22*5 

126  STSl 
117  250 

127  40 


50  32-4  127  361 


50 
50 

50 


11*3 
11*3 

6-5 


50  11*3 

SO  45 

50  o*o 

49  47*7 

49  59*9 


49 
49 


S5'a 
51*2 


127  56 

128  267 

129  6*5 
128  23*5 
128  19*0 

128  37 
128  37 
127  51J 


1x8 

•47  55 
127  57"» 

i»7  3«  I 
127  4<  I 
117  a6*5 

127  ii'7 
127  9'5 
127  >6'° 


49  5»*7 

49  47*3 

49  447 

49  37'5 

49  35  5 
49  22*1 

49  *rs 

49  20-8 
49  1 8-2 

49  "'5 

49  '5"4 

49     36 

49  »3-8 

48  5**7 
48  474 
48  492 
51  17 
51  12 

5"  47 
5*  V"J 
5i  43*3 


127 

117 


9-5 

o'c 


ti^  57 

126  597 
126  507 
126  37-5 
126  3r5| 

126  255 

126  167 
126  90 
126  8*5 

125  5^'« 

115  sn 

124  5c'o 

125  17 
125  13 

I2<   18-5 
128    13 
128     2 
127  40 

i»7  5^5 
128    tf5 
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MARITIME  POSITIONS 


(151) 


Places 


LAt.  N 


Lou.  W 


Namv  Harb... 

LoQ^hlin  Harb 

Kynampt  Harb 

C.  Swaine O 

■S  Carter  Bay  

£  Holmes  Bay 

^  Stewart  Andkorage 

S  Alpha  Bay    

^C.Ibbetaon O 

DoDcan  Bay,  Obseiratory  Pt. 

P.  Simpson  Fort 


< 

o 

M 
t 

< 


) 


Qoeen  Cbarlotte's  !«.,  ^\ 
551.,  S  pt.  C.  St.  JameSy  [■  o 

('ks-Htll.)  > 

—  C.  Henry O 

—  Skidegate  I.  AnchorCve.  ® 
-Hippal.,  [11.]  o 

—  Pt.  Frederick  o 

—  Pt  North    O 

Port  Stewart,  S,  Set.  islet ... 

C.  Chacon 

C.  Mozon 

Forrester's  I.,  NS  4m.,  S 

Pt(rk8,)  

C.  Adding;ton    

Port  Protection,  S,  Pt  Baker 

Corocation  Is.,  fs  L],  8  pt. 

Hazy  Is 

C.  Ommannej 

Sitka,  B3,  Arsenal,  It.  F  .... 

C.  Edgecnmbe 

C.Cross,  rks 

Pt.  Bingfaam 

C.  Spencer,  rks 

C.  Pairweather 

Mt  Fairweather  

C.  Phipps 

Port  MnlgraTe,  S,  Pt.  Turner 

Pt.  Manby 

Pt.Riou    , 

Mt.  Si  Ellas,  14,91 7f.   

C.  Sackling 

Kayes  I.,  #  5  1.,  S  pt.,  i 
C.Hamond f  ® 

Hitehinbroke  I.,^6  L,  Spt ) 
or  C.  Hitehinbroke,  ^ks. } 
-tSm.) ) 

Port  Etches,  SB,  Rnss.  Setli.. 

Montague  I.,  ^15  l.,Wside, ) 
PortChalmers,S,  E  Cove  / 

—  Rocks  at  SE  part,  outer... 

—  South  pt. 

C.Pnget   

Chiswellls.,  [21.],Srk... 

Pt.  Gore   

CEUaabeth,  Ept 

Port  Chatham,  S 

Anchor  Pt,  S.  hd 

MtStAugustine,  (Id.[3 1.]) 

sum 

C.  Douglas,  E  pt    .... 
Barren  Is.,  [5  L]i  *•  E  pt... 

Pt  Banks 

StHermogenei  1.,  [2 1.],  S  pt 


l!i 


1*5  "'7 
z    8*6 

11*3 

18 

49*7 
1 6*4 

5*'5 

5» 
I 

20'2 

335 


2 
Z 
2 

3 
3 
3 
4 
4 


I27'>  52'5 

128  10*2 

128  11*5 
128  32 

128  24*5 

129  5*2 

130  5*2 
130  17*5 
130  36 
150  27*5 
130  26*2 


«  55 


2 

3 
3 
3 
4 

5 

4 

4 


5a 

12*5 

33 

58 
20 

38-3 
43 

43 

48 


5  27 

6  2o*5 

5  5* 
5  54 
9 

2*9 

o 
56 
8  3 
8  13 
8  51 
8  54 

33 
33-oj 

4a 

54 
60  17 

60  X 


59  48 

60  16 

60  ft  1*2 
60  16 


131 


*5 

14*2 

7 
21 

II 


13a 
132 

133 

133 
133 

»3»  47 

131  56 

132  42 

133  32 

133  48 
133  32 


'34 

10 

»34 

28 

'34 

34 

'35 

17*2 

'35 

46 

136 

27 

ij6 

28 

136 

35 

'37 

50 

'37 

38 

'39  47 

139  430 

140  13 


141 

140 
'43 


'4 
5» 
54 


54 
4< 

56 
30 

II 

9 

14 
36 


;9  22 

8  54 

8  53 
8  40 

8  10 


144  28 

146  27 

146  32 

146  50 

148  o 

'47  30 

148  3 

149  2 

150  22 

151  18 
151  10 

151  18 

'53  o 

152  51 
151  26 
151  49 
151  16 


(152) 


Places 


I. 


o 
pa 

< 


) 


KodiakI.,^271.,Ept.,C.) 
Greville,  or  Tolstoy,  rks.  i 

—  St  Paul  Harb 

—  C.  Trinity    

Trinity  Is.,EW71.,Ept  ,rks 

St.  Stephen  I .  [3m.] ,  (rf.E  3m.) 
Tschirikoffl.,  [31.],  Npt 
Schoomagen  Is.,E,  orTagh- 

Kiniagh  I 

SannaghfOrHalibut  I.[2 1.], 

sum f 

Ounimack,  -Jf- 17 1.,  W  pt.,  ^ 

C.  Saritcher.  (a  rk.  off)  j 

—  S  pt,  C.  Khitouk 

Oogamok,  or  Cougalga  I., ) 

[4m.],NEpk ] 

Tigalda  I.,  4 1.  EW,  mid.    .. 

Akoun,  ^  5 1.  N  pt 

Ounalgal.  [21.] 

Ouoalashka.  ^  23  1.,  lUu- ) 
luck.  Port,  B9,  tUI.  ...  j 

—  South  pt.,  (34~  ^"^0  •• 
BogoaloT  }.  [2m.],  ||o,  S  pk. 
Oumnack  I.,  ^  18 1.,  S  pt ) 

(Samalga  I.  [3  1.],  off.)  . ) 
Younaska  I.,  ^  5  L,  sum.  mid. 
Amonghta  I.  [2 1.]  mid.  ... 
Seguam  I.,  ^  5m.,  mtd* ... 
.\mlia  I.,  EW  12 1.,  t^,  E 

pt  (^H^Sm.) 

Atcha  I.,^  201.,  C.Northeast 

Sitchinl.  [21.],  A,  vole 

Adagh  I.,  NS  8  1.,  SE  pt...  O 
Kanaga  I.,  ^  9  I.,  N  pt 


Tanaga  I.,  EW  1 1  1.  (win) 
Bay,  TF-d.),  NW  pk.)...  J 

Goreloy,  or  Burning  I.,  or  i 
Volcano  [2  LJ,  snow    ...  j 

lUackT.  [1  L  " 

Amatigndi  I.  [3  1-] , 


I.  of  Seven  Mountains  [3 1.]  0 
Amtschitka  I.,  %  H  1-,  W  pt. 
Kiskal.,  NS  8  1.,  N  pt  ...o 
Bouldyr  I.   [1  1.],  (rks.  E) 
6  I.),  mid j 

Agattou  [4  1.]  mid. 

Rocks    O 

Semitsch,  2  Is.,^  2  1 O 

Attou,  EW  151.,  W  pt 


St  Paul  I.,  EW  8  1.,  E  pt, ) 

(rf.E  21.) } 

St.  George  I.,  %4 1.,  E  pt... 

I-Amak  [1  L],  rk.  NW-d.  ... 
Port  Moller,  IS,  tongue,  S  pt. 

C.  Strogonov  (I.  off)    

R.  Soulima,  mouth  

Bristol  B.,  C.  Tschichagoff... 
—  C.Constantine^bks.  8  d  41.) 
C.  SouToroT,  N  hd.  ht.  Nanek 
Hagemeister  I.,  -^  6  1.,  S ) 

or  Calm  Pt ) 

C-  Newenham  

C.  ATinoff 


Lat  N 


57^34' 

57  47 
56  45 
56  34 
56  14 
55  56 

54  5« 

54  »7 

54  33 
54  »3 

54  '7 

54  5 

54  aa 
53  59 

53  5**4 

53  '4 
53  5^-3 

51  50 

52  40 

5a  33 
52  22 

52  6 

5*  31 
52  10 

51  48 

5*  4 

5'  59 

51  56 


51 

5' 


5 


51  58 

5»  43 

52  22 

52  40 

5*  43 

53  3 

53  6 
52  58 

57  20 
5638 

55  a7 

55  56 

56  52 

57  37 

58  17 

58  29 
58  43 

58  34 

58  4» 

59  40 


Lon. 


West 
15 1 V' 

5*  4 
53  33 
53  aa 

55  a* 
55  '5 

59  40 

62  50 

64  56 
64  48 

64  47 

65  o 

65  40 

66  12 

66  32*0 

67  47 

67  58 

68  50 

70  15 

70  45 
72  18 

72  5c 

73  4C 
76  5 

76  i8 

76  50 

78  10 

78  40 

78  18 

78  55 
East 

79  38 
78  45 

77  50 

76  13 

73  37 

74  33 
74  o 

72  17 

West 

69  14 

69  IV 

63  6 

60  30 

58  5' 

57  50 

57  34 

58  45 
57  4 

61  XI 

62  Xf 

63  15 


T   r 


578 


TABLE  10 


MARITIME  POSITIONS 


(153) 


Places 


Nuniwak  L,  £W  23 1.,  NE  pt. 
I.  St.  Mathew,  ^  10  1.,  S£ 

pt,  C.  Upright 

— Id.  iVTr.d[21.]Npt.  C.Hall 
I.  St.  Lawrence,  %30L  E  pt. 

—  Westpt 

C.  RouraiaDtaoT 

I.Stuart  [31.] 

C.  Derby   

Golovine  B.,  W  pt 

Sledge  I.  [2  m.]   

Pt.  Rodney    

King  I.  [1  L],  N.  pt.  

Port  Clarence,   B9,  w,  Pt. 

Spencer 

C.  Prince  of  Wales,  extreme 

W  pt.  of  America .   

Fairway  rk 

Diomede  Is.,  2,  N  one,  or ) 

Ratmanoff  I.  [5m.],  S  pt.  J 
Kotzebue  Sound,  C.Espen- 1 

berg,  Ept / 

—  Chamisso  I.,  231f.,w  E  . 

C.  Kiusentem,  /,  sandy  

Pt.  Hope,  /. 

C.  Lisbume.  849f.    

Icy  Cape  (shls.)    

Pt.  Barrow  Noowook 


< 


I 


< 

H 
U 

O 


t 


a,  Paci/Se  Ocean. 

Bishop  and  Clerk 

Macquarrie  I.,NS  12  1.,  N  pt 

Judg^  and  Clerk  

Campbell  I.  [3 1] ,  ab.  1500f. ) 

South  harb.,  Shoal  pt.  ...  ] 
Auckland  Is.,NS  81.,South  C. 

West  extreme 

Disappointment  I.,  [1 1.] 

C.  Bennet 

Mt.  Eden,  1325f. 

Sarah's  Boeom,  Terror  Cve. . . . 
Enderby  I.,  EW  2im.,  jL ) 

W,Ept ] 

Bristow  S.,  )  

Antipodes  I.,  small  

Bounty  la.,  EW  3im 

Chatham  Is.,  %  20  1.,  S )  ^ 
ial.,  Pyramid /  ^ 

PittI.,Jt7m.,t,  Spt,)   _ 

(rks.  2m.) /  ° 

Great  I.,  -f- 13 1.,  S  pt,  Pt  \ 
Ereque  / 

—  Port  Waitengi,  w,  Pt.i 
Hanson ) 

—  Summit,  Mt  Dieffenbach . 

—  E  extr.,  Wakuru  I.,  (rf.  1 

2m.),  E.  pt j 

Bertier  rk.,  [2m.3  W.  pt...O 
West  reef,  ^  4  m.,  W  pt  ... 
North' west  reef,  extr.  pt 

yfto  Zealand.       See  (106)  8. 

Kimrod  group  o 


Lat 

Lon. 

North 

West 

60°  3a' 

165*^30' 

60  18 

17a  4 

60  44 

17»  5* 

63  19 

168  30 

^3  34 

171  45 

61  49 

166  18 

63  a8 

162  0 

64.  17 

162  25 

64  20 

»63  5 

64  36 

166  8 

64  39 

166  18 

65  0 

168  I 

65  167 

166  48*0 

65  33 

167  59 

65  39 

168  43 

65  47 

169  4 

66  33 

163  28 

66  iy% 

161  46*0 

67  II 

163  37 

68  20 

166  45 

68  52 

166  6 

70  20 

161  46 

71  a3 

156  z% 

South 

East 

55  «5 

158  56 

54  3S 

158  56 

54  19 

159  10 

5»  334 

169  8*7 

50  56 

166  4 

50  50 

'65  57 

50  37 

166  0 

50  5', 

166  15 

50  35 

x66  10 

50  32-5 

166  2*5 

50  30 

x66  19 

50  26 

166  18 

49  4* 

178  4a 

47  46*5 

'78  567 

West 

44  »o 

176  17 

44  15 

176  18 

44  7 

176  35 

43  57 

176  31 

43  47 

176  39-5 

43  4< 

176  II 

43  54 

176  0 

43  55 

»76  57 

43  30 

176  51 

56  30 

158  30 

(154) 


Places 


I 


^ 


Juan  Fernandez  I.,  -JB.  4  1.  ) 
Cumberland  B.  Fort    ...  J 
—  S  pt ,  Sto.  Clara  I.,  EW  2m. 
Masafuera  I 


St  Ambrose  I.,  I512f.,  W. 
extr.  rock  (St  Felix, 
472f.,  E  by  S,  9^m.  ... 

Sala  y  Gomez,  rks.  fjm] 

Easter  I.,  -Jf-  41.,  Perouse ) 

Pt,  Cook's  Bay    j 

Ducic  !.,#  2m.,  14f.,  NE  pt 
Elizabeth  I.,  ^  5m.,  NE  pt 
Pitcairn  I.,  %  2m.,  25001  ... 

Oeno  I.  [2im.],  N  pt 

Henuake 


I 


< 
O 

O 


< 
PUl 

GO 


J" 
.ft. 


3 


Disappointment    Is.,    2, ) 

Wytoonee  I.,  SE  pt...  j  ® 
—  NW  one,  Otoohco  I. ...  e 
Clermont  Tonnere  I.,   or ) 

Minerva,  %  lOm.,  SE  pt ) 

Serle  I.,  %  7  m.,  SE  pt 

Narcissus,  or  Clerke  !• )  ^ 

(Puka  Puka),  Eeud.]  " 
Predpriatie  I.  {FaAaina),    \ 

#4m.,  Ept J 

Arakcheyeff  1.  (AAanffaiu\  \ 

TJ^^BU   f 

Minerva  rf.,  or  Ebrilles   ...  O 
Crescent  K.  %  3m.,  S  pt. 
Gambler  Is.  {Manga),  ^61. 

rfs.,  S.  w,  Mt.  Duff 

Lord  Hood  I.,  [41.]Wpt... 
Maria  I.,  or  Denis  [4d.?]  O 
Actseon  Is..  3  [51.]  laige 
Carysfort  I.  {Turma), 

7m.,  NEpt 

Bairaw  I.,  N  pt 

Juan  Baptistc  I Q 

Marune  or  Cadmus  I 

Cockburn  I.[4m.],lag.  NEpt 
Osnaburgh,  or  Matilda  I.,l 
"  5  1.,  *,  *o.SWpt.../ 


} 

O 

5«    ... 


Lat.  S 


33'37'6 

33  45 
33  45-5 

26  21 


26  27*7 

27  8 

24  40-3 

24  21-3 

25  36 
24     13 

14  47 

14  12 

14  * 
18  33 

18  21 

17  20 

15  58 

»5  5» 

21    4 

*3  »o»5 


Latl 


78^53 

79    * 
8045 


Bligh's  Lagoon  I.  (TVma-l 
tangi).  %  2  1,   ^,  N  pt./ 

Cook  Lagoon  I.,  -JB.Sm.^'i 
f.  P*,  Npu  J 

Thrum  Cap  [f  m.l,  NW  pt.  . 

Bow  J.  {Hoa  )>  4r  8  1.,  S, ) 

w,lag.  NE  side  of  entr. ) 

—  South  pt 

Moller  I.  (.^ manic),  #5  1.,) 
tt,  P,NWpt j 


21  31 

22   5 

21  t3 

20  45 

20  45 
24  o 
23  5 

22  12 

21  54 
21  38 


79  59 

105  28 

109  24 

124  48 
128  19 
130  8 
130  41 

»39  45 

141  12 

141  24 

136  20 

137  2 

138  23 

140    8 

140  52 

133  25 

«34  35 


23    8013455c 


X35  33 
136  16 

136  32 

138  22 

n9  3 

139  o 

137 19 
138  40 

"39    o 

140  38 


18  42    1138  43 


Resolution  I.,  2  Is.  {Taw 
ree),  [4m.],  SE  pt 

Good  Hope  I.  [2  1.]    

Barclay  de  Tolly  I .  {Raroia), 

^61.,  S.  pt 

Wolkonsky  I.  {TaJkvr9a),-J/^ 

13m,  Ug.  Ho,  N  pt  t  f 

Whitsunday  I.  {TemaiuLei- 
timwttu)  [lim.],  NW.  pt. 


} 


18  30 


18     6*o|i40  4!^ 
18  19 


17  47 

17  22 

16  48 
16  12 

15  38 
19  14 


'39    « 


140  51 

»4i  35 

141  38 

142  JQ 

142    6 
13S  36 
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MARITIME  POSITIONS 


(155) 


Placet 


I 


1 


< 

M 
U 

o 


OQ 


Pt./ 


Qpeen   Charlotte  I.»   £W1 

Sm.,  1,  fo»Ep* / 

Egmont  I.  (Puianatffa)t  ^jf- 

4m^  T»  »,  f .  Lot  SW 
Byam  Martin  I.  (^Pinaki},\ 

[4111.],  lag,,  b,NWpt...j 
Gloueester     I.     (^Faraoa),^ 

EWSm.,  NEpt 

Cmnbeiiaiid  I.  (  Bianrnphan* 

gi\  ^S^SEpt 

astiqg    I.,    or   F^.  Wm.1 

Henry     iN€ngo^N«mgo\  \ 

£W  Sm.,  N£  pt J 

Tvo  Groupa  I.\ 8  U  8 pt.  O 

MdTiUe  I.(  Atliwni),  NW  pt. 
Tekokoto^  [Smu],  £.  pt 


I.  (Manaea),  \ 
EW7L,  Wpt,    J 

NiliiraI.,NS  31.,  N.pt.  .. 

[Iolt,or  Yermoloff  I.  ( Tatm-  \ 
^),  EW5I.I  Ept I 

Philip'i  I.,  or  KoatouBoff) 
iMakmo),  ^llL.Wpt) 

Sai^en  1.  (JTis/nc),  W  pt.    .. 

EUnnansoflT  I.  (TUo),  [3m.] 

K.  George's  I.,  Tiokea,  N  pt 

—  Ovra  I.,  -J^  4  1,  S  pt. 


9- 


Wateriandt,  or  Wilson's,  I.  ) 
(1/anJb'f),  ^41.,  Npt.) 
Peacock  I.  (ilAlf),^41.,Wpt. 

Bird  I.  (ReHbru\  Sfi  pt 
Croker  I.  (Haraiki),  N  pt.... 
Adventure  hiMotuiuiufa) 
Rae£&kot  I. ,  or  Seagixll  grp.  ^ 
.  S&Wone,ClateI.(0^i)/ 
TsdiiCsehagoff  I.  {Tahanem) 

N&Ept.     

MiloradoTitchI</kii/i),N  pt 
Wittgenstein  l.{Pakarawa), ) 

^101„tf,*SW,Npt,f 
Gieig  I.  (JVum),  [5m.  ?]  ...  e 
Chain  I.  (i^MMr),  N  &  W.  pt. 


Lat.  S 


9«i8' 

9  *4 
9  40 
9  8 
9  »3 

«43 

8  18 

7  35 

7  20 

7  3 
6  38 
6  20 

6  10 

6  15 

4  57 
4  10 

4  44 

4  22 

4  35 

7  48 
7  26 

7    4 

6  49 

6  45 
6  42 

6    4 

6  11 

7  13 

5  50 


Aurora  I.  (Maiahd),  250f.  \  . 

Npt /r 

D.of  Gloucester  Is.,  %  £,"| 
or  Margaret  I.  {Nuka-  >  G  20  42 

m^    J 

Anu-Anuraro,  W  Id.  Q  20  23 

St  Panl's  I.,  ^4  1.,  E  pt  O  19  56 

Raraka,  £W  5  L,  W  pt 16     7 

Ka^abe  I.,  ^  1400.,  S.  pt  ...  16     o 

Tiara  Kind's  I.,  N  pt 15  35 


Carbboff  l.(JriUiea\W  pt.  O 
Rorick  Is.  {Arutva),  ^  N  pt 
Hagerndster  I.  {ApmUki)^  \ 

NEpt  f 

Elizabeth  1.  (7Ws),  E  pt... 
Aura  I.  (AnUwra),  W  pt  ... 
Desn,  or  Ttiegen  I.  (JV«sr- ) 

w),1rl51.,Wpt ] 


»5  35 
15  10 

15  18 

15  58 

»5  43 

5«    5 


Lon.  W 


138^42' 

139  14 

140  29 

140  37 

141  II 

141  42 

142  9 

141  41 

142  21 

143  6 

142  42 

143  6 

144  1 

144  30 
144  40 

144  58 

145  20 

'45  53 

146  27 

143     7 

143  26 

»44  14 

144  20 

144  44 

H5  "9 

'45  39 

144  22 
«45  3« 

148  II 

143     8 

143  30 
»44  55 
14s     I 

H5  7 
Hf  39 

145  3« 

146  47 

146  12 

145  48 

146  48 

148    o 


(156) 


Places 


Dean,  or  Vliegen  I.,  East  pt. 
Kmsenstem  I.  {likehau), 

NEpt 

Lazaret  I.  {MaUMoa,  Ma- 

«w,  [5m.],5e*,ft,Wpt 

Maitea  I.,  ^  7m.,  ^^  1597f. 
Otaheite  I.  TViAtYi),  ^  12 1., ) 

Pt.Vbnus,  fl.  St ] 

-^  Summit,  7000f. 


< 

M 
O 

O 


< 


CO 


S 


I 


k 


—  Papeete  Harb.,  ffi,  w  ) 
Modada  Is.,fl.  st... ) 

Tetoaroa  I.,  EW  5m.,  SE  pt 

Eimeo  I.  [5  L],  w,  r,  per- 
forated pk.,  4041f.    

Tapamanoa  I.,  of  Sir  C. 
Sannders  {Mauiii)^  pk.  . 

Huaheiae  I.  Owharree  Harb. 

Ulietea,  or  Raiatea  I.,  NS 
14m.,  Utiroa  harb.,  SB') 
King's  Wharf,  w,  y  

Otaha  I.,  or  Tah^  N  pt. 

Bola  bola  I.,  NS  8m.,  sum 

—  OteaTamea,  S,  w',  f,  ho... 

Tubal    I.  [5m.]  Npt 

Mama,  or  Maupiti  I.,  sum.... 
Howe  I.,  Mopdia  {Mopih£)  . 
Scilly  Is.  ([21.],  /,  rfs.  f ,  ft  e 
Bellingshausen  I 

Marquesas,  w,  r,  b,  E  extr.,  \ 
Anadne  rk.;  lOf j 

Madalena  I.  {Fatou-hwa)/\ 
NS  8m.,  3700f.,  S  pt  .../ 

St  Pedro  I.   {Moiane),)  ^ 
1700f.,  SE  pt  rk J  " 

Sta.  Christina  (TaAo«-at7a), 
ab.  3280f.,  Resolution  B., 
E  side    

Dominica  1.(^100-  Oa),£  pt.  O 

Hood    I.    (Fetou^houffO),) 

[4m.],ab.  1200f.,l,*oS) 
Washington  I.  (ffoua-hou-  \ 

fMi)[31.],ab.2000f.SptI.  f 
Adam  I.  (BoaPoma)t'Spt.Q 
NukahiTa  [61.],  ab.  3800f.,  \ 

head  of  Anna  Maria  B...  j 
Hergests  rks.(  Moitm-Ui) . . .  e 

iClark'sbk 

Masse,  or  RobertV   I.)   ^ 

(^iaoii),  ab.  2000f.  ...J  ° 

Coral  g.,  [&  shl.  2  1.] O 

Starbuckl.,  [11.?],  f,/3...0 
Maiden  I.,  [31.J,  w,  f,  [t]  Q 

Janris  I.,  [2m.],  /,  <i»o>  U>  ^  • 

Raoul, or  Sunday  Is.  1627f.  mid 

HaTrerk 

Esperance  rk.,  small,  h    ...  e 

Macauley  1 9 

Curtis  Is.,  2,  ab.  70af. 


Lat.  S 


15O17' 
14  42 

H  55 

"7  53 
17  29*2 

»7  39 
17  32'I 

17    a 
17  30 

17  38-7 
16  43 

16  50 


]6 
16 
16 
16 


33 

30 
31*6 

II 


16  26 
]6  50 
16  28 
15  48 

10  21 
10  31 
10    2 

9  56-3 

9  44 
9  a5 

8  59 

9  20 

8  55*3 

!« 
8    8 

8    o 

7  53 
5  35 
4    4 


29 

3> 
3> 

30 
30 


Norfolk  I.,  Sydney  B.,  Fl.  st.  29 

Mt  Pitt,  1039f.    29 

Nepean  Id.,  [^m.]    29 

Philip  Id.,  930f.    29 


23 

»5 

18 

23 
16 
36 

3*7 

I 

4 
8 


Lon. 


West 
147°  14' 
148  14 

148  45 

148  5 

149  29*0 

'49  30 
149  34-0 

149  27 
»49  47 

»5o  35'7 
151  7 

151  24 

151  37 

'5»  45-5 
151  46*0 

151  48 

152  12 

154  21 
154  40 

154  30 

138  26 
138  40 

138  47 

139  6 

138  47 

138  55 

139  31 

140  2 

140  4*0 

140  35 
'39  53 
140  48 

140  22 

155  50 

«54  54 


5* 

56 

5» 

45 
32 


>59 

1 77 
178 

178 
178 

179  14 
East 
167  57-? 
167  56 
167  58 
167  57 


MO 


TABLE    10 


MAUITIME  POSITIONS 


(157) 


Plftces 


Lat.S  !  Lon.W 


►^ 


Carolinel8.,niimeroiu^ma]l, 

/,  ir,t,T.mid ; 

Vostok  I.,  Hm.],  ab.  lOOf.^ 

rfi.f  tf  l»g»  Co 

Flint  I.,  /,  t  mid 


I 


.a 


Suwarrow  Is.,  4,  small,  P^,  It. 
Penrhyn  I.,  ^4  1.,  A  l«g.  1 

||o,ftP^Npt / 

Victoria  I 

Reifson    I.     {Rokahanjfa)f\ 

Ch.  [2m.l/,  f,P / 

Humphrey  I.,  Church 

Bernardo,  or  Danger  Is.,  1 

3,  small,  « j" 

TemaReef,  8   

Nassau,  or  Ranger  I.?,  I 

small,  A  w.  b.  Po /^ 

Gente  Hermusa,  [l^m.],  orl 
Swain's  l.^ltt,  j,  L/,  /^.j 

Dulce  of  Clarence  I . ,  {NuJtu- 
n(mo),NS  7m.,  lag.  llo,t  f , 
UNpt 

Duke  of  York  I.,  (Oatq/u), 
%4m..lag.|U,t*,U.P', 
w4-,  Npt 

Bowditch  I.,  (Faka'qfo),  % 
7m.,  lag.  Ho,  tf,  L,  ^, 
Npt 

Mary  I. 


Hull  Is.,  5,  EW5m.,i.  «,\ 
lag.,  1 1  iRr,  NW  pt,   .../ 

Sidney  I.,  [3m.],  /, "% 

Phoenix, [2m.],  /,  sand,  j 

Biruie  I.,  &  rfs.,  [2m.],  \ 

>,/,  ^o / 

Enderbury  1.,  ^  3m.,  S  \ 

pt.,* 1 

Gardner,  or  Kemin  I.,  /,  lag. ) 

llo.  ♦o. '*' ; 

M*KeanI.,Lfm.],26f.,*o,LU 
Arthur  I.? 


Four  Crowns,  or  Baas  Is., ) 
4,  small / 

Opan>,  or  Raps  I.,  P',  w, ) 
Q,  Aburei  Bay,  entr j 

Osborne,  orNielson  rf.,  Hf.  o 
Reef 

Vavitao  I.,  small,  A o 

Touboaai  I.,  [2  L],  via.  10  L,  1 
ffl,tf,*^,w,l),t',Npt.} 
Oheteroa  1.,  same  as, — 

Rurut6  I.,  NS  4m.,  ab.^ 
ISOOC,  South  pt J 

Rimitara  I.,  [Sm.],  .^^^1^ 
300f.  j^ 

Hull  I.,  [1  l.]i abl 6oi.,'ifi\)0 
Bfangaia  I.,  [S 1.],  ab.  700r.,\ 

rfs.  *o  J 

Raiotonga  I.,  [3 1.],yis.l5 1. 

*o.  L'»  ^  ^*  NW  pt. 


9*^54' 
lo    6 

II    28 

13  13 

»  55 

6  45 

lO      2 

lO   20 

10  52*8 

11  7 
II  32 

II     5 
9    5 

8  36 

9  20 

2  41 

4  30 

4  30 

3  II 

3  35 

3  9 

4  38 

3  35 

3  30 

a?  55-5 
a?  35*7 


Parry,  or  Mauki  I.tfSm.],  /,  \ 

f,  N  pt / 

Mitierol.,  NS4m.,A[t]... 


*4  45 

25  42 

>3 

»3 

22 

31 

22 

40 

21 

49 

21 

55 

21 

14 

20 

10 

19 

50 

150*  6' 

152  23 

151  48 
163     3 

158  6 

160  48 

161  55 
161     I 
165  515 

165  35 

166  o 

170  552 

171  38 

17*  44 

171     4 

171  40 

172  21 

171  30 

170  40 

171  39 
171   14 

174  40 

174  17 
176    o 

i43  a8-5 
144  172 

146  17 

148  20 

147  50 

149  24 

151  18 

153  o 

154  43 
157  5^ 

159  45 

157    « 
157  33 


(158) 


Places 


Wateeo  I.,  {Aitu),  [5m.], 
t^,  L,  SW  mid. 


} 


6 


< 

H 
O 

O 


< 
0} 


s 


CO 


Okacootaia(7l2iv/ea),rim.] ) 
/,*f.  LW,i^,  I>  1 

Hervey  Is.,  2.  {Manouai,  S, 
^0/011,  N),  #  21.,  11^, 
rfs.  3m..  ^f,  % 

Whytootackie  I..  (Aitu-) 
taJH),  [&  rf.  ifc  3  L],  J  e 
360f.  ) 

Palmerston  Is.,  NS  4m.,  H^, ) 

**f  ^oi'^o*' ) 

Island? 

Beyeridge,Middleton,  or  La- 
goon rt,  NS  3 1.,  },  (entr. 

^).  SWpt 

Nicholson  shl o 

Reef,(H.M.S.Favorite,1842) 
SaTa|eI.,(/nt«e),NS  11m.,  i 
tf,  T»P/.  Spt / 

Three  Is.  

Cura^oa  Rei'f  

Cooos,  or  Keppel  I.,  (i^s.  1  ^ 

6m.) /  O 

Verraders,  or  Boscawen, 

I     rks.,ab.6in.],ab.2000f.,r 
Good  Hope  I.  {Niua-fuu), 
P,  [3im.],  NW  end 

Navigator's,  or  Samoa  Is., 

P,  E  one,  Rose  I.,  [and 

1     rf.   lim.]    /,   lag.,    [♦], 

/^r       ., 

Manua  I.,  ^  6m.,  2500f., 

Ofoo  I.,  EW  3m.,  f ,  islet 

1     offW  pt 

iTutuila,  ^  9  1.,  West  Cape... 

—  I.   off  N,   or  Coxcomb  \ 

I         Pt j 

—  S  extr.  Pt.  Steps 

—  Pango-Pango  harb.,  S,  | 

w.  b,  r,  tower  rk.  W  of  v 
'         entr ) 

Upolu,  %  16  1.,   TIB.    18  1. 

Nuulna   islet   off  S£ 
pt 

—  Fangmloa  B.,W.pt. 


LaLS 


I 


•»  Apia  harb.,  §B,  w",  f, 
Store / 

—  Tofiia   Mount,    Crater, 

[Im.]     

—  W    extr.    Manono  I., 

[Im.],  t.  Ilo  E. '^^    ... 

—  Sanaaptt  harb.,  S  entr.  ... 

Apolima  I.,  [im.],  472f., 

!.♦*    

Savaii  I.,  %  14  1.,  tIs.  22 1., 

t,  w,  r,  Ept.  rf. j 

—  N  pt.,  (Mataatu  harb.,  1 

W-d.,  *»,w,  f,  b)  ...j 

—  South  pt. 

—  Weatpt.  

Shoal?  


1 


20°  </ 
19  so 

19  18 

18  54 

18  4 
26  30 

20  2 

20  5 

21  32 

19  10 

18    8 
i^  31 

15  58 
15  52 

15  34 

14  32 

14  15*5 

14  It's 
14  21 
14  15-8 

14  »3 
14  17-7 


Lon.\l 


13  31 


158*^  8' 

158    2} 

'5«  54 

159  3» 

163  10 

160  25 

167  4« 

168  40 

168  54 

169  50 

169  20 
173  44 

»73  5* 

173  50 

»75  4« 

168  II 

169  30 

169  39-5 

170  51-5 
170  41-5 
170  46 

170  40 


14      2 

171  24 

13  53*5 

171  3>7 

13  497 

171  44   , 

13  51 

17*  55-» 

13  50 

172    4 

1 3  57-8 

171  477 

13  492 

.72    8 

13  4a*3 

172   !•$ 

13  29 

17*84 

13  48fi 

171  3* 

171  48 


13  31  |'73  *5 
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MARITIME  POSITIONS 


(IM) 


Placet 


WaUis  Is.,  {Uea),  9,  J,  S  S, 

Home  Is..  2,(N,  jHo/o,  S), 

%,  2500f. 

FutuDa,    NW,  Extreme  .. 

Aungota  I.,  S  pr. 

Bayoanaise  bk.,  Ig   


^  jSophia  I , 

«    Independence  I., [lm.],5t\  r\ 
(a  coral  bk.  -j*  4m.)...  /  V 

Mitchell  grp.,  S  pt. 


LaUS 


Lon.    I    (160)  Places 


EDice,  2  Is.,  (Fanqfuie), 


< 

O 

O 
o 

M 

o 

< 

flu 

CQ 


NS^Mm.,  tf,  lag.  ^, 

b,  w,  E  pt. 
DePeysterl8..(iVt(ih^e/att), ) 

%9m.,t,lag.entr.NW,[ 

to  inside,  S  pt ) 

Tracy  U(OaUupu),[Zm.'],f  Q 
Netherland  I.,  NS  4m.,  vis.  \ 

41.,  P,  i 

Lynx,  or  Speiden  I.,  small, ) 

no  lag ) 

Hudson  I.,NS  l^m.,  718.3 1., ) 

f,  no  lag / 

St.AagnstineI.,  2Ib.,^  21.,  \ 

f*,NWpt i 

Cocal  I.,  amiall,  A,  rlu. 


Km 


N  Minerva  ^.,  N  elbow 

S  Minerva  ^.,  mid. 

Reef,  (H.M.S.Fayorite,1842) 

Pvlstaartl.,[lm.],700f.,)  ^ 

'T,tf,P /  O 

Coral  B 

jCattow  I.,  small 

lEoal.,  NS  41.,  ab.  600f.,\ 

II  N,  mid -./ 

Tongatibou  I-,  ^  7 1.,  /,  w., ) 

r,l),  P„Wpt / 

—  N  side.  Ninkalofa  town,  t^ 

Pai^imodu  Island  

Reef,  (H.M.S.  North  .Star;.... 

Honga-Hapai,  (S  &  Wst  of  | 

2l8.),[lm.].150f.,t,.<-,U,j 

Cnlebras  shl.  ? 


e 


Annamooka  I.,  (NamoU'  \ 
*a),  [ll.],lag., /,f,^) 

Hapaee  Is.,  (Havait),  EW  \ 
16 1 ,  Sat,  orFonone-Fooa  / 

SE  lim.,  Alofa  I 

Lefonkal.,^  5m.,  Mission.  \ 
Stat.  NW8ide,f j 

Haano  L,  %  4m.,  E  pt.,  reef 

N  Id.,  or  Ofo-langa,  [Im.]... 

Kao  I.,  [1  L],  pyr.,  5000f.,  1 

Tofona  I.,  [5m.],  ab.  2800f.,  1 

Reef,  (H.M.S.  North  Star, 
1843) 

Coral  rf.,  (Sir  E.  Home) 

Latte  I.,  [1 1.?],  ab.  1600f.... 

Yavao  L,  #  41.,  W  pt., 
(Port  Refuge  to  SE-d., 
ffi,  55,  r,  ^)  


) 


13°24' 


14  »r4j 

14  162 
12  32 
12     8 


10  46 

10  25 

9  18 

8  31 

8    4 
7  28 

7   13 
6  xo 

6  19 

5  38 

6  5 

13  37 
23  56 

13  35 
23  34 

20  50 

21  30 

21    24 

21      4 

21       8*0 

21  7 
20    50 

20  36 
20   22 

ao  15 

20    3 

»9  59 
19  48*2 

19  41 
19  36 
19  42 

19  45 
19  20 

19  4 
18  49 

jS  39'o 


West 

76  10 

77  S^^ 

78  7-j 

77  »2 

79  43 
Kast 

79  3» 
79  50 
79  50 

79  »i 

78  29 

78  46 
77  14 

77  26 

76  23 

76  6 
76  13 

West 

78  50 

79  5 

79  " 
76    4 

74  30 

75  1 

74  57 

75  »8 

75  16 

75  "S 

74  30 

75  a8 
75  *a 
75    » 

74  41 

74  a7 
74  ao 

''It 


74 
75 
75 


o 
3 


73  45 

74  39 

74  35 

174     i*o 


} 


5: 


i^" 


< 
u 

o 

o 

GO 


0 


Vavao  I.,  PortValdeB,  Sandy ) 

pt / 

SW  islet  of  group 

Toku  I.,  [2m.] 

Amargura  I.,  {Fanoualei), 

-*■»  ^o 

Ono  Ia.,2,  EW7m.,||,(W) 
one,  Mikhailoff),  E  one, 

Simonoff    

Beregisreef  L 

Fiji,  or  Feedjee,  ( VUi), 
Is.,  SE  extr.,  Vatoa,  or  f 
Turtle  I.,  [3m.],  209f.  l  ® 

»  *,  rf.  SE,  Tit.  f ; 

Nugu  Ongea  rf.,  [2m.]  ....  O 
Ongeal.,  (2Is.&rf.,^\  ^ 

4m.),  SId /  O 

Boulanga,  or  Fulanga.'  I., )    _ 

^5m.,  t,Wpt )  O 

Kambara  I.,  NS  3m.,  S  pto 

Tubanaielli  I.,  small  

Vanua  Vatou  I.,   [2m.], )  ^ 

Tova  H.,  r3m.],  mid 

Totoia  I.,  [6m.],  mid.  ?  

Olenea,  or  Ularoa  I.,  small  o 
Ickulaka  reef,  [2m.],  NE) 

pt.,(Oneata Passage, N-d.  > 

of  do) ) 

Oneata  (Moze)  I.,  r&  rfs. )   _ 

EW8m.],  Eisle't )  ^ 

Lakemba  1.,  %  3m.,  ab.  \  . 

1200f.,  5f,  mid /  ® 

Bacon's  Is.,  2,  Jf-  3m.,  (rf.  ) 

NE5m.),  Eld / 

E  extr.  of  the  Is.,  Reid's  Is.,  \ 

[&rf8.,EW8m.],Nonej 
(Lakemba  Passage,  S-d.  of  do.) 
Niaul.,-^5m.,  seen  15  l.,8um. 
Hawkins  rf. 


Lat.  S 


Lon.  W 


g>  Gordon  rf.,  [2m.] 


*§  'Chichial  ,(Dziziii),NS4m., ) 


} 


e 


f  f,  SWpt.,  (rf.W3m 
Tabutha  I.,  %  4m.,  S  pt', 

Katafanga  I.,  small,  rfs.  

Mango  1.,  [4m.],  SW  pt  ... 
Vatou  Rera  I.,  (Batou- ) 

bara),  NS  4m.,  S  pt...  j 
Ythata  I ,  (Azato),  [&  rf. 

EW5m.],Wpt,  (rf.  ^ 

5m.) 

Exploring  Is.,  &  rfs.  ;^  8 1., 

Eextr j 

Naitamba  I.,  ^  5m.,  sum. ... 
Look-out  rf.,  EW  6m.,  E  pt 
Yalanga-lala  I.,  small,  (rf.  \ 

NW6m.)  / 

(Nanuku  Passage). 
Nanuku  I. ,  (Nogou-laoudza- 

la),  [Im.], at  SE  comer  of 

rfs.  J4  61 

Nukumubasanga  I.,  small  . 
NukuLevu  rt|EW10m.,E  pt 


i8«»38A3 

18  48 
18     8 

17  58 


^o  38 
2045 

19  49*4 

9  8 
9    6 

9     3 

8  56 
8  42 

8  23 

8  39 
8  59 
8  34 

8  30 

8  24 
8  14 
8     I 

7  54 

7  59 
7  46 
7  39 

7  48 

7  41 

7  30 
7  »9 

7  »8 

7  17 

7  10 

7  3 
6  54 

6  49 

6  42 

6  18 
6    7 


174'  I' 


»74 
>74 


8 
8 


174  16 

178  45 
'78  54 

178  14-5 

178  14 
178  18 

178  31 

178  52 
'79     5 

>79  IS 

179  32 

179  S3 
178  47 

178  32 

178  31 
178  51 
178  28 

178  22 

179  2 
178  39 

178  33 

179  18 

178  48 


179  a 
179  8 

179  28 


179  29 

178  38 

179  14 

178  42 

>79  5 

179  26 

179  17 
179  15 


•  Ofoeerrations  made  In  H.M.6.  Challengtr  1870,  place  the  Fiji  Is.  8'  fiutbor  to  the  Bast 
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MARITIME  POSITIONS 


;i6i) 


Places 


o 


M 

CO 


Korotana  I.,  smaU,  B  part  of  ) 
arf.  EW81 ) 

Budd  I.,  small,  (rfii.  roaad)... 

Chicobea  I . ,  (Farewell) ,  Nst. ) 
of  the  Is.,  ^  3m.,  rfs.  ||o  j 

Vuna^I.,  (Tabe-tmni),  ^  8  L, ) 

pt....j 


II  W,  SW  or  Vuna 
Vaoua  LevoU'I.,  ■JP- 
2070f.,  E,  orUi 

—  SavuSavuPt 

—  S  extr.,  Buia  Pt. . 

—  Sandalwood  B.,  t 

—  Dana's  Peak 


33 1., ) 
ndaPt.) 


Yendna  I.,  %  7m.,  8am....e 
—  N  extr.  of  rf.  lining  N  coast 
Moala  I.,  [&  rfs. 

ab.  1800f.,  tf 

Npt. 
S  extr.  of  the  Is.,  Matuku ) 

L,  [&rf.  NS4m.] / 

Goro  I.,  (Koro),  NS  9m.,  h^  \ 

t  NW,  N  pt. 


Liiiiug  i^  coasi 

^(^f.3m.),| 


ULS 


e 


) 


Horse -shoe    3,  [lm>]f  ^••« 
Nairai  I.,    NS  4m.,  (rfs.\ 

4m.),  Needle  pk.,  1078f.  / 
A.ng(iaI.,(NhR0),pk.2345f. ) 

EW8m.,  (rfs.  S,W)  ...  / 

Miimbolithe  2,  small   

Ambatiki  I.,   (Batigui),  \ 

[11.],  rf.  1 

Wakaia  I.,  NS  4m.,  W  pt. 
Mokungai  I-,  (Magon-hai), 

NS  3m.,  rfs.,  S  pt 

(Mokungai  Passage^. 
OTalu,  or  Passage  I.,  small.. 
Ovalau  I.,-^8m.,  A,  Levuka,  \ 

E  side,  m',  Miss.  School.) 

Viti  Levou,  EW  29 1.,  f ,  \ 

Rewa  roadSfNukulauI. ) 

—  Suva  harb.,  BB",  w,  b,  3^,  \ 

▼ill.  W  side..  ..'. f 

—  West  extr.,  Navula  Pt. .  e 

—  Pickering  Pk 

Asaua   grp.,  Hudson's  Is.,) 

NW  one,  or  Carr  I. ...  / 
— -  Waia  1.,  -jf-  5m.,  sum 

—  West  extr.  of  the  Is. ,  Biva  \ 

I.,  [2m.],  (shL  S) / 

—  Shoal 

Timboor  I 

Round  I.,   (Jwakaio), 

•man,  (II  W-d.) 

Vatou  Lde  I.,  %  8m.,  /, 

*,lN,Wpt 

Flying  Fish  shl 

Nam^ca  I.,  [lim.] 

Mbenga  I.,  [5m.],  ilo  W, 
W  sum 

—  S  pt.  of  rf.  round  these  2  Is. 
Kanaabou,(jrai»/a9«,My- 

wooUa),I.,^91.,tT, 
Wsum.,  A,  (^ojm.)... 

Oao  I.,  [5m.],  y^ 

Astrolabe  rf.,  N  edge 

Raef 


6«  »' 

6  %6 

5  4« 

7  * 


8 

49 

a 

49 
46 

47 
II 


Lcm. 


S33 

9  10 

7  14 
7  38 

7  4« 

8  o 
8  16 

7  47 

7  36 
7  28 

7  11 

7  407 

8  10 

8     7 


7  59 
7  57 

7  38 


17 
8 


7  1 
6  43 

641 

8  32 

835 
8  23 

8  *3 

8  30 

9  5 

«  55 

8  43 

8    o 


West 

i79°»4' 

»79  39 

179  5> 
East 

179  56 

179  55 

»79  »5 
178  46 

178  34 

178  49 

J78  16 

179  4 

«79  57 

»79  44 

179  26 
179  15 

"79  *3 
179  15 

[79    17 

79  " 

179     I 

179    o 

178  48 
178  49*0 

178  31*0 

178  25 

177  12 
177  36 
177    o 

177  5 
"76  55 

176  59 

177  18 

177  43 

»77  34 

177  47 

177  58 

178  8 
178     s 

177  57 

178  25 
178  28 

17448 


(162) 


Places 


Lat. 


Reef 

Lalk  Rookh  shl.  ? 


GrenTille,  or  Rotnmah  I„ 
^31.,tf,i^,  F,£iwii. 


i 


«< 

H 
O 

O 
u 

V 

< 

«2 


I 


I 

(5 


Charlotte  bk.,  T« 

Pandora  rf.  

Mitre  I.,  (Fataia),  [lm.],l 

^.41.,5e.ft  f 

Cherry  I.,  {Anouda)f  [3m.] .. 
Tioopia,  (BarweU),  [3m.  1,  \ 

vis.  10 1.,  T,  t  *,  P, / 

Kennedy  I. o 

.  Hope,  I.,  Arorai  or  Hurd  I.  O 
Chase,  Tamana,  Rotch  I.  \ 

w*,  Onotu jO 

Peru  I.,  South  pt 

Francis  Is.,  [7 1.?],  /,  S  pt?.. 

Nautilus  shL 

KingsmiU  Is.,  /,  1^  f ,  P', 

—  S  one,  Drummond  I.,  % 
10  1.,  {Tapoute-^mea), 
tf,  Ept 

—  Utiroa,  town,  ^  W-d.,  m^ 

b.P„ 

Sydenham,  or  Bishop  I., 
(Nanouti),  %  7  L,  bg.  Oo, 
S&Ept 

Hopper,  or  Siinjpson  I., 
(Apamama),  %  10m., 
i'W,  w,  bo,  r,,  Npt.  ... 

HenderviUe  I.,  {NmumMi), 
EW  7m.,  Spt 

Woodlel.,  (KvHa),^f  Sm., 
tf,(rf.^3m.),r«i^b„, 
Npt 

Hall  I.,  (Mauna),  #  9m., 


_  9m.,) 

t  W,  10,  n  r^  b  ,  S  pt... ; 

Knox  I.,  {Tarawa),  ^  7  L, ) 
t.Ept / 

Mathews'  I.,  {Mttraki),  NS  \ 
5m.,  lag.  II 

Charlotte  I 
leg.  entr. 

Pitt  1, 2  Is.,  JL  :r  l,(Maim, ) 
r2L],  N,  &  TVtiM,  S), 
Tf,lag.  ||W,7,NpC.J 


5.  lUNpt. 1 

r.SE,T.Xf,Wpt| 


High  I.,  (1804) O 

Ooeanl.,  (sBBe?),[4m.],\  ^ 

▼Is.  8  L,  f ,  T,  *o.  P/ ••  i 
Pleasant  I.,  [5m.],  f ,  j,  t^, 

r,  P/ 


1 


Conway  rf.  [Sc],  6f.,  t  

Mathew  rk.,  [^m.],  Y(dcanic^  \ 

465f.,  Lo.^ / 

Hunter  h,   [im.],  974f., 

Walpole  I.,  [Hm.],  229f.,\ 


Durand  3*.,     [}m.],    fifi^ 
T»  >    "- 


South 
15032' 

13     % 

12  31-3 

11  50 

12  II 

11  57 

"  37 

12  21 

836 
a  4» 

a  30 

I  »5 
I  56 

I  34 

1  ?8 


Lqd.E 


1 75^20' 
175  38 

»77  »5 


173  12 
i7»    7 

170  20 

i^  44 
168  48 

167  50 
177    o 

176  10 

176    2 
175  50 

174  59 

175  8 


I  12-5  174  54 


045 

o  30 

Nordi 
o    8 

o  17 

0  51 

1  2} 

»    3 

1  54 


174  31 

173  §4 
173  4» 

17$  »7 

173    3 

173  >3 
173  26 

i7»  55 


I 


3  *" 

iT»  58 

Bouth 

048 

17049 

05ft 

16949 

0  25 

167  ao 

»"  45 

174  37 

%%  lO 

171  20 

ftiH 

IT*    5 

IS  38 

168  5^ 

2ft     ft 

16839 

«  ObsarraiUoiiBmads  in  H.K.a  ChaUen^er  1879,  plaoe  tbe  Fyi  Is.  r  futker  to  the  East. 
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MARITIME  POSITIONS 


(163) 


LatS 


LoD.  E 


) 


1 


I 

3 


I 


Mark  or  Britannia  I.,  S  pt. ... 

—  £  pL,  C.  Coflter 

Undine  cove 

Boucher  I.,  f 4m.],  f,  mid. ... 
Chabrol  I.,  £  pt.»  C.  Fine  ... 

Wreck  Bay    

—  SE  pt.,  C.  de  Flotte  ... 
j  Uea  or  Halgan  I.,  [6  L], 
\     SB  pt.,  C.  Gervaise 

^    Oban.  L  Bishop  Sd 

•25   Beanpr€  la.,  [2 1.],  /,  f ,  NE  ) 

:g*:     Id / 

^ '  Astrolabe  rft.,  2,  %  10 1., 

^■^BoWpt. 

..Petrierecf?  

"'l.of  Knea,  [3L],ui!i*i'w, 

1^  f,  P,,,  Alcmene  I 

SE  elbow  of  3 

Botany  I.,  j|  N,  (Woodin's 

cban.,  ^,  w)  

New  Caledonia,  ^  65  1.,  £ 

pt.,  Nca  I 

C.  Coronation,  (rks.) 

C  Colnett 

Balade  harfo., «?,  (rfo.  2 1.), 
Id 

W  extr.7TiTOiV,'(8hL)  *.*!.' 

CdeVerde,  (ahl.  31.) 

Port  St.  T^oent,  S,  K,  ^ 

Leoert  I.,  /,  ^,  rfs. 
D'Entrecasteanz,  or  (Bond), 

rfs.,  NW  pt,  (As.  Im. 

Sd  \ 

Haon  Is.,  [Jm.],  I,  %  (rfs. 

V    I*)  m *....••      ......... 

Fairway  rf. 


M 
O 

o 


o 

o 

03 


I 


21°42' 
21  26 
21  27 
21   S 

»'   5 

20  46 

21  14 
20  43 
20  28 
20  15 

19  50 

x8  35 

22  42*5 

23  I 
22  27 

22  16*7 
22  2 
20  29 
20  17*2 
20  2 


168^  I'l 
168  10 
167  48 
167  42 
167  26 

167     2 

167  20 

166  36 

166  28 
x66  14 

165  16 
164  22 

167  28*5 
167 
167 


(164) 


Places 


Lat.S 


Lon.  E 


2 
I 


.lucent,  9>  *oi  w) 
m.,  f,  r,  Entr.,(rfs.> 

'*y    »•• ■■« ••• •*• ••• •m^mm*^ 


I 


Andteum  I.,  EW  3  1.,  t  f , 

w'^  b,  ]&,  P.  Inyang 

Erronan    I.,    {Fooioona)^ 

[1  U\  1931f.,  NW  pt. 
TannaI..ifc8I.,tlr,P^ 
Port    Resolution,    S 
Cook's  pyramid    .. 
—  Volcano,  4m.  inland 
InuBor  I.,  small,  I,  P  .. 


■I 


'67  3*5 
166  52*5 
164  465 
164  29-0 
163  57 

20  45      164  22 
XX   ,2      165   59 

»9  35     163  37 
17  53     >6*  4» 


Aurora  I.,  NS  11  L,  h,  It,  \ 

w,b,  Npt I 

Lepf«  I,  [7 1.?],  mid. 

MallicoUo  I.,  ^  18  1.,  S )   _ 

pt.  /  ® 

—  Port  Sandwich,  S  

^  —  North  pt 

:^   St.   Bartholomew   I.,   EW) 

I  I     3  1.,  islet  SE  pt    f 

t£  Espiritu  Santo  I.,  ^  22  I., ) 


I 


SW  pt.,  or  C.  Lubume  ] 

—  North  pt,  or  C.  Cum-  \ 

berland  / 

—  C.  Quiros , 

Pic  de  I'Etoile,  (Star  I.),) 

^[lm.],pk.,t,^ ] 

Claire  I.,  small 


15  22 

16  36 
16  25*6 
15  50 

»5  44 


18  II 
21  o 

20  i5'3 

19  31 

19  31-3 


EmniangOf  l^iHKt  Bay,  oil 
W«id«,w 


} 


5  j8an*rHchI.,1rlOl.,»f,\ 

g;        ViU  harbour / 

—  Havattiah  harbour 


a; 

I 


Montagu  I.,  [1 1.}   e 

Three  hill  I.,  (rf.  £  pt,  /3)  e 
Momimeat  I.,  [1 1.],  (Is.  >  ^ 

W-d,)    ]  ^ 

Apee  I.,  [6 1.],  N  pt.  .^...e 
Piama  Is.j,  £  one,  [1  L  j ...  e 
Ambrym  I.,  E  W  6  L,  E  pt.  e 

Pentecost  I.,  NS  11  l.,S  pte 
—  North  end    


»9 
19 

32-4 
16 

18 

47*5 

17  4*-5 

J7 
17 

31*6 
26 

»7 

4 

17 

0 

16  36 
16  26' 

16 

z8 

W 

26 

162  50 
161  44 

169  44 

170  II 

169  27'5 

169  24-5 
269  31 

168  58 

168  14*7 

168  21*2 
x68  25 
168  22 

168  35 

168  xo 
168  13 

168  IZ 
168    10 

168    8 


Banks  Is.,  E,  or  Sugarloaf.... 
Vanua  Lava,  P.  Patteson    ... 

Santa  Maria,  N  sum 

Blighl o 

Vanikoro  I.,  (Mallicolo),  % 
14m.,  sum.,  303 1  f.  . 

—  OcUi  haib.,  on  £  side, 
Toupoua   I.,  (or   Edge-  ) 

cumbe),  sum )  ^ 

Sta.  Cruz  I.,  (NUendi),  # ) 
8  I..  E  pt,  C.  Byron    J 

'—  S  pt.,  C.  Mendana 

Volcano  I.,  ( Tinakoro)    

Swallow  group,  Panavi 

-' — Anologo   

o  Duff   or   Wilson   group, ) 

NWextr ]  ^ 

—  SEeztr o 


5 

M 

C 


CO 


} 


« 


Stewart  Is.,  5,  on  a  rf.,  [2  L], 
/,*f,  r,  P',  Ept 

RonduLor,or  Candelariarfs., 
S  entr 

Ontong  Java,   or   Lordi 
Howe's  ISi,  Hammond  >  O 
I.,  North  ext  J 

Frindsbury  rf. o 

Le  Maire  &.  Tasman's  Is.,  Po 

Mortlock,  Cocos,  or  Mar-  \ 
queen  Is.,  £W71 /  ^ 

Nine  Is.  of  Carteret,  (Gro-  \ 
ene),^  ah.  10  L,  S  extr.  ] 

Sta.  Catalina  I.,  small 

St.  Anna   I.,     [4m.], 
101..  J* 


15  40 

»4  43 
14  56 

14  30 

14  21 

13  49 

13  50 

«3  47 
13  36 

II  37 

IZ  40*4 
zz  15 

zo  4z 

10  53 
10  23 

10  17-5 

10     6*2 

9  48 
10    I 

8  S4 
6  16 

5  18 


168**  4' 
167  50 

167  32 
167  44-2 
167  zz 

167  15 

166  44 

166  40 

167  o 

168  4 
167  47 

167  40 
167  28 
167  22 
167  14 

166  51-5 

166  55*0 

166  31 

166    8 

165  5»*S 

165  49 

166  18*5 
165  417 

i66  53 

167  5 

163     z 

«59  H 

159  >7 


O 
O 


vis. ) 


St.  ChristoTsl  I.,  ^  25 1. ,  *,  \ 
Ept,  orC.  Surville...  j 

—  NE  pt,  C.  Recherche 

Three  Sisters,%8 1.,200,None 
Contrarietes   I.,   NS  7m., 

1200  pk 

Malayta  I.,  %  34  L,  8  pt, 
orC.ZeK. 

—  Mt  Koloyrat,  4275f. . 

—  NW  pt,  C.  Astrolabe 

Gower  I.,  [4L],  /,  5f O 

Ramos  Is o 


} 
) 


5  0 
4  19 

159  9 
159  28 

440 

156  50 

4  53 

155  20 

xo  53 

162  26*5 

10  50 

162  27 

10  51 

162  24 

10  10 
10  9 

161  145 
x6z  50 

9  49 
9  45 

8  22 

7  56 

8   21 


x6i  53 

i6z  3z 

160  57 
z6o  30 
160  28 
160  13 
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TABLE  10 


MARITIME  POSITIONS 


(165) 


Placet 


Ltt.S 


L011.B 


(166) 


Places 


LatS 


LoilB 


55 

-< 
M 

O 


< 

CO 


Guadalcanar  I.,  %  26  !.»  E 1  I 
pt..  (rks.  2  1.) j\ 

—  South  pt,  C  Henslow 

—  Mt.  Lammas,  A,  8CXX) 

—  South-west  pt.,  C.  Hunter 

—  North  extr.,  C.  Esperanct' 
C.  Marsh  (SWpt.  of  RuskU  I.) 

jdurray  I.,  [Im.],  1000 

St.  George  I.,«fc4l.,||  N, 

Astrolabe  Creek,   BS.  w 


""o*  r,  Pft,  S  cove 


';} 


Isabel    I.,  %  40  1.,  S  pt.,\ 
C.  Prieto  / 

—  Mt.  Marescot,  3901f. 

—  Estrella  Bay    o 

—  Port  Praslin    o 

—  C.  Comfort,  (rfe.  2  I.)    ... 
Georgia  I..  EW  14  L,  Is.\ 

(  W-d.),  S  pt.,  or  C.  Pitt  J 
Ren  do  va  I.,  C.  Pleasant 

—  Rendova  Harb 

Bridgewater  rf. 


} 


^ 


} 
} 


Princess  I.,  Tl  K] 

Eddy  stone  rk.,  1036r.,  P^ 

(shIs.  I,  -^  Sm.) 

Guizo  I.,  ^ 

C.  Middletori,  (N  pt.  of  an 

Id.,  [21.]) 

Choiseul  I.,  %S3  1.,  E  pt., 

C.  Lab^e  

—  SE  pt*  C.  Fleurieu    ...Q 

—  N  pt„  C.  Alexander  

—  Choiseul  B.,  W  head,\  -. 
(shl.  2  1.) /^ 

Shortland   Is.,  f6  1.],  S  pt,"! 

C.  Stephens J 

Treasury    Is.,  [3  I.],   /,  % 

Blanche  Harb 

Bougainville  I.,  ^-  44  I.,  \ 
C.  Friendship,  near> 
E  end ) 

—  CLeCras,  (Id.,  [21.?]).. 

—  Mt.  Balbi,  10,062f.,  5  1., 

inland 

—  N  pt.,  C.l'Averdi 

BoukaI.,NS121.,  t*,Npt 

—  Summit 


} 


1 


Reef,  (seen  1804),  E  edge  .... 

Indispensable  rf.,  S  pt 

Pandora  rf.,  (same?),  N  pt.  O 
Rennell  I.,  %  12 1.,  S  &  E  pt. 

BcUonal.,  pi.] 

Wells  reef,  (1796) 

Sable  reef 


Fead  Is.,  or  Abgarris,  *fc  9 1., ) 

'>  llot^»  S'  ^^  Goodman  I.  J 
Lyra  shl ,  %  4 1.,  4  or  ft ,  N  end 

Sir  Chas.  Hardy,  or  Vertes  \ 

Is.,  [61],  Ept / 

St.  John  I.,  [3l.],*f,  ♦o* 

Caen  I.VtV  1.] .  (rky.  Isl!  2 1.) 
Garret  Denys,  (Day,  orDu 

Bouchage)  I.,[:)  l.].3200f. 

(highest  of  these  islds.), 

XtP,«id 


} 


9°  SO' 

9  59 
9  44 
9  SO 
9  »4 
9  3 
9  I 

8  so-5 


8  34 
8  14 


48 

a4 
8  50 

8  43-5 
8  23-5 

8  S3 

9  4 

8  19-5 

57 
36 


7  »9 

748 
6  36 


7  10 
7  30 
6  44 

6  o 

556 

5  30 
5  I 
5  18 

12  25 
12  45 
12  6 

11  38 

11  12 

12  20 

3  38 

3  a7 
148 

4  30 

4  o 
3  26 

3  4 


160O50' 

160  35 

160  o 

»59  47 
159  41 

158  57 

158  38 

159  32 


159 

'59 

»59 
15U 

158 
158  14 


46 

26 

15 

i8- 

5 


157 
157 
157 
157 

156 
156 
156 


215 

18 

12 

4 
32 

50 
44 


»57  49 

157  36 
156  27 

156  25 
155  40 
iSi  30 

155  40 
15s  26 

154  49 

^55  7 

154  40 

>54  39 
161  43 
160  42 
160  30 
160  41 

159  54 

158  13 

154  40 

15445 

153  26 

154  15 

153  47 
153  "4 

>5a  34 


I 


) 


I 


aa 
o 

O 


< 

GO 


Gardner  I.,yiacher,  or  Fish- 
er's I.,  (3  Is.  E-d,  a  shl. 
W-d.?),  NS  101.,  ab. 
2000f.,  N  pt 

SquaUy  I.,  [31.],  /,  %\ 
(smaU  Id.  S-d.,  \Q  ...  / 

An  idand,  [11.] 

Mathias'  I.,  [81.],  A,  sam.  Q 

New  Ireland,  %  64  L,  E  pt, 
C.  St.  Mary 

STinger's  B-,  on  NE  side  ... 

W  pt.,  C.  Byron 

Port  Carteret,  9,  Cocos  I., ) 
NEpt..  ^,  wN,  t,fo..) 

Port  Praslin,  S,  SE  com.,  w. 

C.St.  George 

Sandwich  I.,  [4  L],  pk 

Mausoleum  I 

New  Hanover,  %  131.,  N| 
pt.,or  C.Siilomon  Sweert  j 
—  W  pt.,  C.  Queen  Charlotte 
Portland  Is. ,  E W  7m. ,  /.  W  pt. 
YorkL,  [31.],  w',  f.  Port) 
Hunter,  N  side,  (shIs.  N  | 

New  Britain,  ^  85L,  N) 

pt.,  C.  Stephens / 

C.  Palliser O 

C.  BuUer,  A,  f 

SE  pt.,  C.  Orfbrd,  1,  SE  extr. 

C.  Quoy,  (pk.  ^  3m.) 

Pt.  Beecfaey 

Port  Montague,  $,  w,  r  ....O 

Pt.  Roebuck  

South  Cape,  rky.  islet 

C.  Ann 

C.  Gloucester 


} 


Duportail  Is.,  sum O 

Willaumez  I.,  NS  5 1.,  S  pt.. 

Raoul  I.,  [2 1.],  sum 

Passage  bk.,  W  edge 

Low  Is.,  [3 1.],  E  one 

Rooke  L,  %  7  L,  A,  t,  NW  pt 
Tupinier  I.,  [1 1.],  A,  .^^h.... 
Lottin  I.,  [4m.],  upw.  of  3000f. 
Long  I.,  NS  ft  1.,  Reaumur) 

pk.  at  N  end ) 

Crown  I.,   [2m.],  A,  1*  f, 

mid 

Merite  I.,  EW  4m.,  mid.... 
Volcano,  ab.  4000f.,   (ez-\ 

tinct  1826) j 

C.  Gloucester  (2  pks.  over) ... 
Deschamps  pk.,  1 1.  inland  ... 
Des  Lacs  Is.,  EW  3 1.,  E  pt. 

Forester  I.,  [&  rks.  2L] 

North  L,  small 

Gipps  rf. 

Victoria  reef 

Albert  reef 

Sherburne  rf.,  EW  4  L,  iki.  \ 

20f.,  SEpart ) 

Circular  rf.,  [1  L],  t,  (a  lag.  5 

II  NW) ] 

Sydney  shl.,  iks 


2  54 


I  35 

I  40 

1  28 

4    * 

3  la 

2  46 

4  4» 

4  498 
4  5« 

*  55 

1  44 

2  22 

2  28 
238 

4    8 


4    8 


4 
5 
5 

5 

6 

6 
6 
6 

5 
5 

4 
5 
5 
5 
5 
5 
5 
S 


37 

2 

*4 

37 
9 

TO 
15 

46 
28 

58 

>5 

22 

58 
56 
29 
26 

20 


5  " 

5  »5 

4  54 


5 
5 

4 
4 
4 
4 
4 
3 


3* 

28 

5 
4* 
38 

\l 
16 

57 


1  15 

3  18 
3  20 


>5i**54' 


150  30 

>49  54 

149  40 

153  18 

152    o 
>5o  33 

15*  44*5 

i5»  547 
15*  55 

150  44 
150  31 

H9  58 

149  55 

149  29 

152  24 


152    5 

152  16 

151  7 

152  4 

«5«  47 
151    2 

150  30 

150  33 

149  48 

148  II 

148  23 


IS 

o 


151 

149  5^ 
148  15 

148 

147 
148 


10 

46 

4 


147  3^ 
147    6 

147  «> 

«49    4 

148  17 

148  H 
151  18 

H9  34 

149  19 

«49    4 
149  16 

147  57 

148  10 

148  16 

14740 
146  50 
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Flaoes 


£li2abeth  I.,  [2m.],  /,  % 

[L]  NE.  p ::. 

Pardy  Is.,  3»  H,  (Mole  N 
&  Est.,  Mouse,  &)  flat, 

Wst,  je 

Jesus  Maria  I.,  [&  rfs.  3 1.], 

>,  P,.  SEpt 

.   Vandola  I  ,  [Im.].  f ,  V  ... 
'^   Los  Reyes,  3,  g]^  3  I.,  NE  one 
I*  San  Gabriel  I.,  [2 1.].  W  end 

C   San  Miguel  I ,  [i  1.  ?] 

i  Negros  Is.,  %  2  I.,  t  f,  E  pt.. 
2  I  Admiralty  I..  EW 16 1.,  SW  pt 
—  Nst.  islet  on  N  coast ... 


} 


I 


I 


LatS 


*"55' 


a  SI 


2   12 


59 
II 

2  24 
2  O 
2    14 

>  54 


Western  Islet,  [^m.],  (bk.  \ 

^1  1) / 

Sugar  toaf,  BOOT.  , 

Aochontes     Is.,    3,  small, 

[3l.].A|lo*tlP   

Commerson  I 

Hermit  I&,  Loot  I.,  pk. .... 

Boudeuse  I 

L'Echiqnier  Is.,  30  or  more, 

/,  rfs.,  ),  S  extr 

Durour  I.,  small,  flat 

Matty  I.,  small,  flat 

Tiger  I  ,  NS  7m.,  P 

Poeklinston  shL,  EW  10 1., 
rks.,  1 

Laoghlan  Is.,  9,  EW  5m., 
/,  f ,  sum 

Cannae  rock,  f 

Woodlarkls.,%  13 1.,  P',  E  pt 

—  W  pt,  (a  A  rk.  S  3m.)  .... 

Three  small  h  islds.,^  3  L, ) 
W  one ) 

Sharp  I 

JouTency  I.,  [2m.] 

Jurien  I.,  [1 1.],  mid. 

Lagrandi^re  I.,  [2L],  E  pt... 

Trobriand  Is.,  C.  Denis 

{North  I.,(Nst  of  grp.),  E  part 

Lnsancy  Is.,  &  rfi.,  EW,  \ 

tic  others  W-d,  unex-  >  O 
plored,  N  lim ) 

Adclel.,[2c.],/,  [*],  lloW.. 
Bosael  I..  EW  7  L,  /,  %  lU 

W,  NE  pt,  or  C.  Deliver- 

anoe 

'•I  ,C.  Sudest 

Fox,  or  Renard  Is.,  [4l.],Wpt. 
St.  Aignan  I.,  EWlOl.,  £ 

pt,  C.  Henry  

Deboyne  Is.,  [2  1.?],  N  pt..'.. 
B<«vouloir  Is.,  E  one.. 
Latrine  Is.,  [2 1.],  Dawson  I. 
D*£ntreeasteaux  Is.,  S  pt,~ 

C.  Ventenat,  (Is.  S  d.) 
Welle  I.,  [21.1,  £  part(r&) 
Goodenough  I.,  pk.,  7006f... 

Oueasant  I.,  small   

Teste  1.,  East  1 

Moresby  I.,  Sir  Fairfax  Pk. 


2  12 
2  26 

o  54 

0  45 

1  32 

I  26 

I  40 

»  34 
I  46 

I  44 

10  53 

9  »9 

9  18 

9  9 
8  53 

8  46 

9  37 
8  43 

8  39 
8  sa 
824 
8  21 

8  18 

11  25 
II  22 

II  37 

10  52 

10  41 

10  39 
10  25 
10  23 


Lon.  E 


146*49' 

«45  54 

>47  55 

148  10 
148  2 
147  28 

'47  36 
147  19 

H^  345 
146  51 

14^  3 
146  51 

145  30 

145  >5 
145  3 

144  34 

»44  3 

143  12 
142  56 
142  20 

'55  30 

'53  38 

'53  »8 

'53     5 

152  24 

151  52 

'5»  37 

'5'  45 
151  22 

'5'     8 

'5'  4 
150  48 


(168) 


Places 


LatS 


3 

1 


s 

I 


Lydia  I ,  pk.  I034r.....'. 

Possession  B 

Dufaure  I.,  [1 1.],  sum.  

C.  Rodney    

East  Cape,  Anchor  I.,  £  pt. 

C.  Vopel,  Ship  I 

C.  Nelson 

I.  Riche,  Mitre  rock  ......... 

C.  Cretin,  Cretin  la 

C.    King   William,    (land\ 

Wd.,  IflOOOf.) / 

Mount  Disraeli    

C.  Rigny 


" 


Lon.  E 


10® 1 6'  (1510   i'5 
10  34' 6  150  42*2 
10  28     149  52 
10  15     148  23 
10  12*5' 1 50  537 

9  39'5i50     6 
8  59 
8    o 


Rich  I.,  [1].1,A  

Dampier  I.,  ^5  L,  ab.  5000f. 

Vulcan  I.,  [8  1.1,  con  teal 

Lesson  I.,  L2m.j,  A,  coniod.. 

BlosseviUe  I.,  [Im.] 

Gamot  I.,  [3m.],  conical 

Jacquinot  I.,  [3m.],  f 

Debloisl.,  [J  1.]  

Roissy  I.,  [1 1.],  f  f,  N  pt.... 
D'UrviUeL,  [31.],pk.ncar\ 

Wend i 

Gilbert  I.,  [4m.],/,  Ept.,(rf.) 
Bertrand  I., /,  ||W,  t 

Mt.  Julian,  2 1.  inland 


6 
6 


149  '5'5 
148   ii'7 


43 


5 
5 


58 
29 

4  49 
4  40 
6 

36 

30 

H 
21 

12 


4 
3 
3 
3 
3 
3 
3 


3    20*I 


3 
3 

4 


»3 
10 

6 


C.della  Torre |   3  51 


:} 


154  34 

'54  *o 

153  50 
152  58 

152  57 


152    6 
151  255 


1S40£ 


} 


10  107151   13-5 

9  37    '5'     3 

9  21-5150  14 

11  8-6151  155 
10  58     151     5-2 

10  36*8  151     o'5 


e 


Victoria  Bay 

Torrioelli  mountna.,W8um. 

4  I.  inland 
Eyries  Mt.,  very  h,  W  sum.  \ 

Si.  inland J 

Mt  Bougainville 

Humboldt  B.,  Pt  Bonpland. 
Cyclops  Mt.,  vis.  20 1.,  E  sum. 
Pt.  Brama,  hill 

Lesson  L,  [Urn.],  a  high) 

cone,  (2  Is.  W-d.) } 

Merat  I.,  [Im.] 

Duperrey  I.,  [jl.] 

Arimoa  Is.,  2,  %  2 1.,  N  one 

Pt.  D'Urvillc,  /,  t ,  (riT.W-d.  ?) 

C.  Geelvink,  /,  f O 

Thwart-the-Way  I.,  [2 1.  ?]  O 

Elephant  Pt O 

C.  Kame,  (shls.  oflf) O 

Vandersdiellmg  Is ,  [5 1.?]  \ 

None? /  " 

Haerlem  Is-,  [4 1.],  W  one  O 

Pt  Pinxter,  East O 

C.  Comer O 

South  height,  N  pt O 

Pulo  Panjang,  [21.?] O 

Broken  Is.,  NE  lim O 

Engano  I.,  [3 1.],  (shls.  S )   >, 

&W) ...j  ° 

Pt.  Macasse O 

I C.  Oran-Souari 

Traitors'  Is.,  EW  11 1.,  SEo 
Mysory  I.,  %  201.,  A,  E  pt. 

' —  Mt.  Schouteii 

I— W  pt,  C.  SaiTedra  

•'  Danger  I.,  /,  J,  rk8.,^rf.^  4  L) 
Providence  I.,  %  \\  N 


3 
3 


«9'4| 
21 


2  50 

2  40 

2 
2 
2 


37 

31 
18 


2 
I 
I 

'i 
I 

2 
2 
2 


o 
56 
37 
26 

54 
5 

50 
55 


3     S 


3 
3 
3 

3 

2 

2 


»5 

30 

30 
6 

56 
40 


2 

20 

2 

0 

I 

22 

I 

19 

I 

4 

0 

47 

0 

37 

0 

II 

0 

20 

'47  53 
147  38 

146  29  5 

'45  58 
146  13 

'45  58 

'45  I 
144  48 

'44  34 
'44  35 
'44  *4 
'44  9 
'44     3 

'43  3''» 

'43  17 

143  10 

144  26 
144  31 
143  30 

142  12 

141   15 

140  51 

'40  55 
140  30 

'39  5* 

'39  »7 

'39  " 
139  16 

138  41 

»37  47 

'37  5 
136  30 

136  15 

136    s 

'35  45 

135  30 
135  42 

'35  'o 

'35    5 

135  10 

134  50 

'34  as 

'34  30 

134  10 

136  32 
136  13 

'35  43 
'35  '^ 

'35  '» 

135  10 


sm 
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is; 


Long  I..  [4  L],  /,  i„  B,  N  pt. 
Bultig  I.,  [4  L],  (riu.W  2 1.). ) 


I 


£  ram. 
Jobie,  Booby  1 

—  ShcUI , 

—  Casuarina  I, 
Arfak  mountni.,  S  one,  9520f. 

—  North  one,  8610f. 

Port  Dorei,  GB,  E  pt  near 

head,  w  W 

—  ManaS'wari  I.,  ^  2m., 

Ept I 

C.  Mamori 

C.  Embarbaken.... 

Beehive  Mt  

C.  Goede  Hoop 

Mt.  Diceras,  8m.  inland  

Mispalu  Is.,  (91)  3,  SE  pt ... 

GaUpagot  It.,  Hood  I.,  % 
9m.,  640f.,  J,  Garden  B. 
on  NE  side,  ♦,  b, "% 

Macgowen  ?.,  [Im.],  a  £.... 

Chatham  I.,^  4m.,7, 1650f.  \ 
E  pt.,  Mt.  Pitt,  b,  800f..  / 

—  Ii^eshwater  B.,'S  ride,  | 

wat.pl / 

Charles  L,  ^,  9m.,  1780r., 
w  W,  Post  Office  B.,  on 
NW  side,  **,  i^,  Xt  Day- 
light pt 

Gardner  I.,  [4m.],  760f.,\ 
(rk.-t3Jm.) / 

Albemarle  I.,  NS  75m., 
3780f. ,  iin%.  Iguana  Core, 
SWsido 

Narborongh  I.,  EW  17m., 
C.  Douglas 

Indefatigable  I.,  EW23m., 
Conway  B.,  on  NW  ride, 
Eden  I. 

James  I., -^  20m.,  James  B., ) 
on  W  side,  t,  ir,  E  Cove. ) 


) 


Redondo  rk.,  85f.,  y 

Towers'  I.,  -jf^  4m.,  211f.,\ 

Ept } 

Abingdon  I.,  ^  7m.,  ♦,  ^  ^ 

S  pL,  nk  1^,  mid«  1930f.  / 
Wenman  I.,  •%  2m.y  *^, 

830f.,*4- 

Culpepper  I. ,  [Im.] ,  5M)f.,  ♦,  T 

Malpek)  I.,  snm^  1200f.  ... 

Cocoa  I.,  [4m.] ,  f ,  Sandy  B. 

Nside.w-^ 


) 


1 


Clipperton  rk.,  40f.,    at 
S  end  of  a  lag  I.,  NS  }  6 
3m.,/,  X 


} 


Socorro  I.,  ab.  2000f.,  ^^ 
^,  SEpt. 

Sta.RosaI.,(Clarion,  Cloud)  ) 
EW  8m.,  L',  ^1  T,  ^,  B.  J 
Sride ) 


Lat. 


South 

0  53 

1  19 

X  50 
I  57«a 
I  34-6 

X     8*9 
I     6*1 

o  51*8 

o  55 

o  48 
o  18 
o  44 

19 
3* 
»9 


o 
o 

o 


I  aa 

«    9 
o  44 

0  56*4 

1  15-4 

I  21 
o  59*0 
o  ao 

o  33 

o  xa*i 
North 
o  14 

O  II 

o  34 

«  *3 

X  40 

4  o 

5  33 


10  17 
««  43 

18  21 


Lon. 


East 
«34°5o' 

»35   »4 

136  42 
136  11*5 
135  4S 

'33  54 
»33  54 

134    5-0 
»34    3 


90  317 

90  23 

91  32-5 

9»  45 

90  38 

90  557 

91  40 
90    o 

90  49 

9«  54 

92  4 

81  32 
87    0*5 


109  10 
xxo  52 

114  38 


(170) 


Places 


134 

9 

»33 

9 

»33 

»5 

132 

26 

~ 

132 

15 

132 

9*0 

West 

89 

44 

< 

N 

90 

0 

0 
0 

89 

20 

0 

89  337 

0 

< 

Pk 

i 


) 


Benedidtol.,  J^  3m.,  llOOf., 
1,  mid 

Roca  Partida b 

Alijos,  or  Lobos,  rks.,  4  ... 

Guadalupe  I.,  2  Is.  NS  4  L  ?, 
3400f.,  W  one 

Walker  I.,  (small,  /,  f  ?)  ..  O 
Manoel  Ro^hrigues  shL 


) 


LatN 


Lon.W 


i9**ao' 


18  59 
24  51 

III  S7 
"5  47 

28  54 

118  20 

3  5» 

10  58 

»49  15 
153  54 

iio*'35' 


Baker  I.,  (Guano)  , 

Holland  I.,  (Guano)  , 

Christmas  1.,  NS  6 1.,  lag.,\ 
♦  t  ^*W,  Cook  Id.../ 
Fanning  I.,  [2m.],  lag.,  f,\ 

v,;.p / 

Washington,  or  New  York 
I.,  rim.],  t  f ,  r£  ^m 

Palmyras  I.,  £W  5 1.,  lag.. 

Wo,  Po.SW  point... 

Kingman  Shoal    

Two  Is.,  small.  NS  2m.,  /.,  (I^ 
Cornwallis  Is.,  r7m.],  (rf.i 

^- 7m..  Ho),  mid / 


X  57    157  28 


O     3  5i'3'59  " 


} 


1 


Owhyhee  L,  (ffauHtU),  N8\ 
241.,  Spt ) 

—  Mowna  Roa,  Mt 

—  East  pt 

—  Byron  B.,  Coooanut  I., 

w,  b,  r 

•»  N  pt.  of  rill,  off  N  coast  ... 

—  Westpt  

—  Karakakoa  B.,  t,,  w^,  r  ... 
Mowee  I.,  (Maw),  %  U  L,  1 

*„  w'StEpt ) 

—  West  sum.  6126f.  

—  Lahaina  town 

Tahourowa  I.,  (Kaholmwe),  \ 

#51.,*^,Wpt,(rf.2m)/ 

Ranai  I.,  %  7 1*»  ^o>  ^  P^*  ■** 
Morotoi  I.,  (Mohkoi),  EW  \ 

llL,*o»Bpt / 

—  Westpt 

Woahoo  I.,  {(Mm),  ^  13  L, 

Ept 

—  S,  or  Diamond  pt  

'•^  HoNOHUfttr,  fort,  w^,  r  0 

—  SW  extreme 

—  Westpt 

—  North  pt 

Atooi  I.,  (JToiuiQ,  ^  11 1.,  \ 

Ept  f 

—  Hanalae  B.,  Brit.  Cons., ) 

wEride / 

—  North  pt 

—  Waimea 

OneehowI.,(JVisAm),;,i^71.,  > 

Ept ) 

—  South  pt 

Tahoon  L,  (JToifAi),  [Im.]... 


) 


4  41     160  19 


20  43 
20  52 


22 


155    * 


TABLE  10 


M7 


MARITIME  POSITIONS 
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PkoM 


Bird  I.,  [Im.],  ♦o*  ^  880  ... 
Necker  1.,  [im.],  ab  2S0f. ) 


"©• 


u. 


French  Frigate  bU.,  3,  % 

41.,  Id 

Island,  (1823)? 

Gardner  I.,  [^m.]    

Maro  rf.,  W  pt.  )  ^ 

Laysan  I.,  } 

Ldoanaky  I.,  [Im.],  rf.  2m- 


X 

< 

M 
D 

o 


0* 


•^ 


/,  sandy,  i^  (rf.  ^  2  1.) 

Pevl  &  Hermes  rf.,  N£  pt.. 
Midway  I.,  N  pt  of  Sand  I... 

Cnre  I.,  (Ocean,  StaTen),  /, 
Sand  Isbmd    


1 


Bica  do  Oro  rk.,  or  Lot**  \ 
Wife,  209f.    /  " 


Fonafidinl.,  (St  Thomas, ) 
St  Peter,  Santos,  Three}  O 
Hill?) J 


Grsmpna  Is. ,  (Sebast  Lo-  \ 
boo?),  (2  Is.  and  a  3rd }  O 
8W) ) 

Volcanoes,  3,   Salphnr  I., 

•J^  5m 

-^  N  Id.,  San  AJessandro  .. 
—  S  Id.,  Sn.  Angnstino,  396f. 


) 


Bon]nIs.,NS  141.,  N,  or) 
Pto^s  grp.,  ^  3  L,  N  rk.  / 

Kater  I.,  [&  rka.  l^m.],  N  rk. 

Peel  I.,  NS  5m.,  SW  islet  ... 

—  Port  Uojd,  S,  w*,  ^),  r,  \ 
r,  Ten  fiiUiom  hole  ....  j 

Bailfljr  Is.,  [^  L?],  S  islet ..  o 

Boaario(orDiaappointment) ) 
L,  [Im.],  rl^.,  l,^o»fii 


h,  %  5m.,  ♦ O 

>Is.,2,NS4L,l,\ 

Sandj,  ^  N  one j 

Fkreceye]a,(Uke  a  sail),  (Bi- 
shop, Douglas,  Nantilvs), 
a  d^  12f.»  in  a  lag., 
[ll.],iJ 

Ssnta  Rota  shL  ?  

Cinam,  or  Gnahan  L,  •J'-  9  L,  \ 
Spt*  f 

—  CooQs  I.,  [Im.] 

—  Umata  B.,  on  W  side,  w,  1 

r,  Ch I 

—  W  eztr.,  W  pt  of  Orote ) 

klet ) 


UtNl    LoD.    I    (172)  Places 


»3'  3'* 
*3  353 

23  46 

24  S 

25  0'7 
15  31 
15  4S 

a6    3 

»7  5^*5 
a8  14 


UtN 


Lon.B 


49  45 


West 

i6i«43' 

"64  39 

166  16 

168    o 

167  59 

170  37's 

171  42-5 

173  42 

175  46 

177  »3*2 

178  27-7 


Clast 

140  20 


30  33 


25  10 


24  48 

25  14 
24  22 


»7  45 

27  31 
27    2 

27  5'6 

28  30 
27  16 

24  28 

26    % 

20  31 

la  30 
13  14 

13  13 
13  17-3 

13  26 


140  15 


146  40 


141  20 

141  18 
141  28 


142    7 


142 
14a 


12 
10 


142  11*5 
142  13 
140  51 

ni   5 
131  15 

136    6 

144  15 

»44  45 
144  40 

144  41-0 
144  38 


o 


Guam  ,or  Gaahan  I .  ,San  Lois ) 
de  Apra,  EB,  w,  r,  fort    ( 

—  North  pt.,  Pt.  Ritidian   .. 

RoU  I..  7^-  4  1.,  ab.  800f.  1 
summit  J 

Affuij"!!  I  ,  ri  1.],  centre 

Tinian  I.,  NS  4  1,  lloN,  An- 
son's B.  at  S  W  part,  t,,w, 
r,  Anson  bay 

Saypan  I.,  ^41.,  ab.  1200f. ) 
%  w,  r,  (rf.  W-d.),  N  pt  ] 

Bird  I.,  or  Farallon  de  Me-  \ 
dinilU.  ^  2m.  ab.  50f.  rks.  J 

Anataxan  I.,  A,  ^p,  f ,  E  pt... 

Sarignan  I 

Zealandia  bank  (Piedrasl 
de  Torres)  >  J  " 

Gugnan  h,  NS  2m.,  E  pt  ... 

Alamagan  I.,  2316f.,  E  part 

Pagan  I.,  W  end 

Agrigan  I.,  P.,  W  end 

Assumption  I.,  [3m.],2848f. ) 

*W,i^,U 1 

Urracas,  3  rks 

Farallon  de  Pajaros,  ab.  1200f. 
Marshall  Is.,  or  Jardines?! 

2,  small j 


I 


Marcus  I , 

Wake,  or  Halcyon  L,  [3m.],  \ 

/,  big.,  #,  f  o»  ^.  r  / 

Gaspar  Rico,  or  Comwallis,  \ 

or  Smyth  Is.,  NS  2 1.,  N  pt  / 


Marshall  la.,  Radack  Is.,  or  \ 
E  chain,  Bigar,  or  Daw-  > 
son.  Is.,  [4  1.],  mid ..) 

Button,  or  Koutousoff,  Is.,  \ 
(C/airJ/fc),  N  pt j  " 

—  S  grp.,  Tagai  Is.,  S  pt.  ... 
Krusen8tern,Tindle&Watts,  \ 

(^t/aA),  Is.,%51..Nst/ 
Count  Beiden,orLekiebIs., ) 

^81.,  mid / 

Jemo  I.,  or  Steep  to O 

New  Year  I.,  {Miadi),  NS  \ 

Chatham  Is.,  N  grp.,  Ro- ) 
manzoir,  {OttUa),  Port} 
Noel,  Eislel ) 

-*-  8  grp.,  Erikub  ^  8  L,  \ 
Sextr.  / 

CalTert  Is.,  Kaven,  ^  10 L,  ^ 
NWone f 

—  Sonth  extreme 

Ibbetson  Is.,  {Amrh),^  4  L,  | 

mid f 

Arrowsmith  Is.,  %  61.,] 
(Daniel  &  Pedder  Is.  to  S 

NE-d,  O),  SBpt ) 

Mulgrave  Is.,  [6 1.?],  small, ) 
rfs.  Ho,  Npt f 

—  South  pt 

Ralick  Is.,  or  W  chain.  Bos-  \ 
ton,  or  CoTeU  Is | 


i3°25'8 

13  39 

14  7'5 
«4  5« 

»4  59*4 

>5  17-5 

16  o 

16  20 
16  40'5 

16  52 

17  18-5 

«7  35 

18  35 

x8  50 

>9  45 

20  6*5 

20  30 

21  40 

*4  «4 

19  II 

14  41 


XX  48 

IX  a8 

"  5 

10  27 

9  51 

9  58 
xo  8 

9  30 

9  6 

»54 

8  30 

8  iS 

7  5 

6  29 
6  7 
4  39 


»44  39  5 
'44  5> 
'45  '3 
'45  3' 

145  362 

'45  46*  5 

146  o 

'45  4' 
'45  46 

»45  49 

'45  5 ''5 
'45  5» 
145  46 
'45  37 

X45  29*0 

'45  "9 
'45  9*5 

»5«  35 


154  o 
166  31 

168  56 


170  7 

169  54 

169  46 

170  o 

169  13 

169  45 

170  55 

170  16 

170  4 

170  49 

171  10 

171  8 

171  24 

171  49 
«7i  57 
168  50 
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MAUITJME  POSITIONS 


(173) 


Placet 


I 


SB 

< 
H 

O 


o 

< 


} 


•25 

5 


Banham  Is.,  (Kyli),  ^  8  L,  \ 

'     Elim J 

Elizabeth,  or  Coquille  Is.,  \ 

Spt / 

Hunter  I.,  [2m.],  (Namurekf) 

Baring  Is o 

Elmore,  or  Kramtchenko  Is., ) 

tjF71..  SId ) 

Musqnillo  Is.,  %  121.,  rfs.  \ 
llo»Wpt j 

—  South  pt 

Mentchikoff  Is.,  ^  20 1.,  S  pt 

—  North-west  pt 

Ocean Is.,^  10  l.,S  Id. Mar-  i 

gareta,  or  Patterson,  /,  f  / 

—  W,  or  Lydia  I 

—  N,  or  Catharina  Is 

Schanz  Is.,  ^  5  1.,  mid 

Pescadores  Is.,  3  grps. .',  ^,  \ 

E  grp.,  mid 

Rimsky  Korsakoff  Is.,  -Jf- 
181.,  Ept 

—  Westpt 

Eschholtz  Is.,  %  7  1.,  W  eztr. 

Ocean  I 

Atlantic  I 

Brown's  range,  [8 1.],  t  f^,  J 
lag'f  ^1  N,  or  Arthur) 
islet ) 

—  SE  isiec,  or  Parry 

Arecifos,  or  Providence  Is.,  \ 

rfs.,  11^? ; 

Ualan  I.,  (Ybualan),  (Hope,  '| 
Armstrong),^  8m.,  Co- 
quille harb.  on  NW  side, 
ffi,  w,  r,  NE  islet 

—  Mt.  Crozer,  ab.  2000f.  . 
MacAskiU,    or    Musgrave 

Is.,  3,  [2m.],  S  one 

Seniavin  Is.,  3  grps  ,%  13 1., 
Dttperrey  Is.  &  rf.  -f^  3m., 

S  isld.,  or  Aoura 

Poninipet  I . ,  (Ascension ,  Bo- 
nab6),EW51.,t!f,P,„ 
sum.  2861f. 

—  Northl.,  rrf.  N21.)  

Andema  Is.,  J^  3  i,  rfs.,  S  pt. 
Kapenouare  f. 

Seven  Is.,  (  Raven. Valientes), 
(Ai?rflra),EW31.,/,Xf 
llc»P/.Wpt 

Bordelaise  I.,  (Jane,  Camp- 
bell), [im.],  60f.,  f,  (> 
NW,  rf.  SE,  3 1.) 

Monteverde  Is.,  ^21.,  lag.... 

Dunkins  reef,  {Oroloufff),.0 

Mortlock  Is.,  ^  6 1,  tf  Lo- 
gounorI.,EW  7  m.,  W. 
Port  Chamisso,  S,  {f, 
wv%,  Entr 

— -  Etal  Is.,  NS  4m.,  N  pt.... 

—  Ta,  or  Sotoang  grp.,  S  pt 
Namolouk  Is.,  (Skiddy),  3, 

^3m.,  / 


UtN 


Lon.  E 


1 


6°  a' 


5  48 

5  4» 
5  35 

7  15 
S  lo 

7  46 

8  45 

9  «9 

8  54 

9  4 

9  H 

10  5 

11  19 

II  17 

II     8 
II  40 

0  50 

1  5 

II  40 

II    21 

9  3« 


5  »>-3 

5  »9 

6  13 

6  38 

65a 

7  I 

6  44 

7  6 
5  46 

7  38 

3  a7 
9  15 


(174) 


Placet 


LatN 


169^49' 

169  36 

169  6 
168  26 

168  48 

168    o 

168  23 
167  45 
166  56 

166  15 

165  58 

166  2 

166  4 

167  35 

167  14 

166  26 
165  24 

T67  40 
165  o 

162  15 

162  25 
161  8 


163  5 

163  4*7 
160  47 

>59  49 

158  24 

158  27 
158  6 

"57  58 
157  30 

155  20 

155  48 
154  o 


5  *9*3  »53  58 


5  37 
5  >7 

5  55 


"53  4» 

153  48 

153  16 


< 
O 


u 

a2 


San  Ra&el  I.,  small t  7O18' 

D'UrviUe  I.,  (Lonasappe),  1  1 
3  islets  on  a  rf.,  /,  f ,  /3...  /  * 
Roug  Is.,(HogoIea),^  15 1., ) 
P„S  islet  / 

—  E  Umit,  3  islets 

—  NUm.,  Pisel 

—  W  lim.,  Torres  I. 


—  Tsisl.,[|m.],  rfs.,tf,\ 

wN,*>4W,  Npt  .../ 
Monrillea  grp.,  ^  7  1.,  E  islet 
Namolipifian  grp.,  ^51., 
lag.  ]|  S,  S,  or  Namoayin 

islet 

Idtke  I.,  or  East  Fayeoa, 

[}m.],rft.,  *f,  wvit / 

Litke,orNamounouyto  grp., ) 
EW 15  L,E  islet,  Piserarr.  / 

—  N  extr.,  or  Maghir  islet ... 

—  W  extr.,  or  Onoune  islet.. 
Martyrs'  Is.,  NS  7m.,  %  \  ^ 

F,  N  isld.,  Ollap  ...  J  ^ 

—  SId.T8matam,(WId.\  ^ 

Fanadik) /  ^ 

Enderby  Is.,  2, f ,  r,  (a  bk.  7, 
^  2  1.),  (NW  one,  Alet), 

SE  one,  Poulonhot 

Bank o 

SoughI.,orPouloa80ukI.,  1   _ 

NS2m.,/.t JO 

lanthe  shl.,  [^m.],  if.,  coral 

BigaU  I.,  (PigaU,  Pyghella, 
Coquille),  [^m.],  on  a  rf., 

Lydia'i.,  (i4toi^7)!!!!!!!."b 

Oraitilipou  bk.,  it 

Fayeou  I.,  West,  rf.  -Jf-  5m., 

islet  in  middle,  1^ 

Satahoual  (Tucker)  I.,[lm.],  P 
Swede  Is.,  6,  Namourdc  Is.,  \ 
%21.,  S&Eislet..../ 

—  EUtoIs.,  NS21 

Olimarao  Is.,  ^  2m.,  NE  islet 
Farroilep  Is.,  3,  [2m.],) 

lag.,  Spt /  ^ 

Ifelouk  Is. ,  (Wilson) ,  [2m.] .  \ 

lag.,  SWeztr. / 

Ouleay  Is.,  (Thirteen  Is.), ) 
£W6m.,  £,  orRaourl.,  \ 
(9  10  E,  II  SE),  S  pt.. ) 

—  SW  extr.,   Felalisse  I., 

Lim.],/,  t , 

Eourupig,  2  Is.,  %  24m.,  Ept. 

Sorol  Is.,  2,  S  &  E.  or  Phi- 

Hpl , 

Feys,  orTromefinl.,  [Im.],  \ 

/,  t,  no  lag.,  *o,  U } 

Ouliouthy  Is.,  (Mackenxie), 
^71..1ag./,i,Ncxtr., 
Mogmog  I 

—  W  extr.,  Thoroylen  I.... 


) 


7 
6 


4 

58 
20 

43 
20 


Gonap,  or  Ouap  I.,  (Yap),  ) 

NS31.,f,(rf.S.d.),Sptj 

Hunter's  reef. 


7 
7 
7 

7  18 

8  42 

825 

8  33 

834 

8  59 
8  36 

37 
3» 

«9 

40 
40 
53 


38 
6 

3 

»3 

27 

30 
44 

35 
14 

20 

«9 

40 
6 

9  46 

10    6 
to    3 


9  »5 

9  57 


LoD  E 


'53°  54' 
15*  37 

151  58 

152  I 
151  46 
151  24 

151  49 

152  26 

151  49 

151  26 

150  32 

150  16 
149  5z 

H9  31 

149  30 

149  18 

'49  40 
149  16 

'45  39 

'47  H 

'47  '4 
147  '5 

146  50 

'47  6 
146  31 

146  19 
'45  57 
144  36 

'44  30 

'43  57 

143  53 
'43  " 
140  51 

140  35 

13946 

'39  37 


13!     10 
138  13 
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MARITIME  POSITIONS 


(175) 


Pl^OM 


Matelotas   Is.,  -jf-  91.,  /,) 
T^t  IU»  s  pt / 

—  North  txtr 

Pdewla..  Jt29I.,f,P„\  ^ 
(rfs.  NW-d.),  N  extr.  )  ^ 
^  •  Kyangle  I..  [2m.],  (rf.  ^  4 1.) 

«    Baabelthoaap,  N  extr 

I   —  Eastpt 

a,  ;  Errakong  I.,  (harb.  £,  w»  r).. 

Pdelew  I.,  ^  8m.,  S  pt 

Angonr  I.,  #  4m.,  w,,  \^A 

Spt i 

Polo  Mariere,  NS  2m.,  via. ) 
41.,  f / 


Lat  N 


8?  17' 
841 

«45 

8     8 

7  49 

7  41 

7  " 
6  58 

655 
4  19 


LoD.  E 


137^33' 
137  40 

»34     5 

«34  35 

134  37 

»34  43 
134  23 

»34  13 

134    8 

132  z8 


(176) 


Places 


Polo  Anna,  or  Current  I.,  \ 

[im]./.t.(rf.W.lm.)/  ® 
Sonserol  Ib.,  or  St.  Andrew,  \ 

2.  email, /,  t,  Ho ) 

Seqaeiras  Is.,  2,  /,  dose,  \ 

and  a  3rd  / 

Nevil  I.,  or  Lord  North,  ^\ 

14m., /,  t,  (rf.  E)    / 

Hden,  or  Carteret  shl.,  )  ^ 

5  1.,  ]^.  4f.,  N  pt.  islet, 

2  t 

St.  Dayid's,  or  Freewill  Is., 

4,Tf51.,/;tf,F(1817), 

mid 


Lat.  N 


4^38' 
5  20 

«  45 
3     3 

3    o 

o  55 


Lon.  E 


132°  3' 


132  16 

»3i  »S 
131    4 

131  55 
134*2 


PLACES  AT  WHICH  SHIP'S  STORES  (bxclusiw  of  p&oviaioNs}  ARE  FOUND. 

The  Mark  f  denotes  Dodcs,  wet  or  dry,  or  Slips. 


tLondoQ 

tDepObrd 

fWoolwidi 

tChatham 

tSbecroMS 

Deal 

Dorer 

Sfaoreham? 
tPwtamoath 
tSonthamptoD 
fTopsham 
tTorbaj 
fDutmoath 
tDefonpovt 

Fowey 
fFalmonth 

Peiuanoo 
tBriatol 
fHuttepool 
tPembroke 

Holjhewl? 
fLIrerpool 
tGreenodc 

fGlMgOV 

Cmmpbelton 

Stitmui«M? 

Lerwick? 

IoT«mcfli? 
t  Aberdeen 
tDandM 
tLeith 
fBenvkk 

TTnenwoth 
tShields 
tNewcMtle 


tHnll 
t?Taraoath 
t?Haniieh 
tCork 

Valeotia? 

LiiDerick 

Galwaj 
Sttgp 

Portmh? 
BcUhat 
CarUngford 
DroRbeda 
DobUa 
Kinyrtmru 
Wexford 
Waterford 
KinnJe 
Ortend 
t  Antwerp 


fAmsterdam 

GlucksUdt? 

Elaineor 
tCopenhagen 

Lnbedc? 

Arkona? 

Dantzig 

Pillau?  ' 

Memd 
t?Riga 

Revel 
fKroi^stadt 
t  Stock  holm 

Carlscrona? 

Malmo? 

Gotteaburg 
Frederiekstadt? 

Chiiitiania? 

Chrlatlanaand? 

Bergen 

Trondheim? 

Archangd 

BeikiaTig? 

Boulogne 

Dieppe 
f  Havre 

Honfleor 

La  Hougae 

Port  Barfleor 
fCherbourg 

St.  Pierre  ? 

St.  Heller's 

OranrfUe? 

St.lfalo? 

Morlaiz? 
fBrest 

L'Orieat 

Port  de  Palais? 

Nantea? 

Rochelle? 

Boohefort? 

Bordeaux? 

Bajonne 

St.  SelMMtlan? 

Bilbao? 

Santander? 

Coruna? 

Vigo? 

Viana? 
fOporto 
fLlabon 

Setnbal? 

Lagoa? 
tCRdix 
fOibraliar 
? 


fCariagena 

Alicante  ? 

Valencia? 

Port  Alfaquea? 
t  Barcelona 

Cadaquet? 

Port  Vendrea? 

Narbonne  ? 

Agde? 

Cette? 

PortdeBouc? 
t  Marseille 

Port  Cette  ? 

Port  Clout? 
fToulon 

Pr^os? 

Antibes? 

Nice? 

Villa  Franca? 

Port  Maurisio 

Pt.  St.  Antonio 

iTiia? 

Palma  ? 

Port  FomeUesr 
tPort  Mahon 
Port  Maliatano? 

Cagliari? 

CaM? 

AJacclo? 

Bonifacio? 

Port  Veochlo  ? 

Baatia? 
t  Genoa 

Port  Venere  ? 

Le^iom 

PortFemJo? 

Port  Longone? 

ClTiU  Vecchia 

Tibor? 
fNaplM 

Reggie? 

Heasina 

Catania? 

Syracuse 

Marsala? 

Palermo 

Milasso? 
tMalU 

Tarento? 

Otranto 

▲ncona 

SiningUa 
tVenlce 
tTrleete 

Pola 


Flume 

Ragusa 

Kattaro 

Duraxio 

Corfu 

Ithaca? 

Port  Ai-goatoli? 

Zante 

Navarino  ? 
NapolidiRom.? 

Hydra 

Pirnus  (Ath.) 

Milu? 

Salonica? 
tConstantinople 

Varna? 
tOdessa 
fNicolayev 

Seyaatopol  ? 

Smyrna 

Rhodes? 

Khania? 

Candia? 

Marmorice  ? 

Alexandretta? 

Bairout  ? 
f  Alexandria 

Tunis 

Algiers 

Palmes? 

Teneriffe 

Palma. 

St.  Miguel 
Terceira,  Aug.? 

St.  Michael's 
t  Bermuda 

Senegal? 

Goree 

Bathurst? 

Sierra  Leone 

C.  Coast? 

Accra? 

Princes  I. 

Ascension  ? 

St.  Helena 

St.  Paul  de 
Loando 

St.  Phil,  da  B. 

Oape  Town 
fSlmons  B. 

Natal? 

Comoro  Is.  ? 

Sues? 

Aden? 
? 


Mah£? 
Cargttdos 

GanOo*^ 
tMauritins 
t  Bombay 

Ft.  de  Galle  ? 

Trincomalee 

Madras 
fCalcutta 

Akyab? 

Moulmein 

Penang 

Singapore 

Beiicoolen  ? 
tMacao 
t  ?  Canton 

Whampoa 
t?Hong  Kong 

Amoy? 

Shanghae? 

Chusan? 

Ningpo? 

Sarawak  ? 

Labuan? 
t  Manilla 

Sorsogon? 

Samboangan  ? 

Macaasar 

Manado? 
tBaUria 

Samarang 

Sourabaya 

Bally? 

Coupang 

Cajeli? 

Amboina 

Temate 

Swan  R. 

King  G*s  Sound 

Adelaide 

Port  Philip 

Western  Port 

Hobarton 

Port  Arthur 
Prt-Dalrymple? 
fPort  Jackson 

Port  Hunter? 

Wanganui  ?  H. 

Nelson  ? 

Wellington  ? 

Auckland 

Wangaroa? 
New  Plymouth? 

St.  Peter  and 
St.  Paul 


Hudson's  Bay 
fSt.  John's, 
Newf. 

Quebec 

Charlotte  T.? 
tHalifkz 

Annapolis? 

St.  Andrews  ? 

St.  John's, 
New  Brk. 

Portland  ? 

ForU»mouth  ? 

Salem? 
t  Boston 

Plymouth  ? 

New  Bedford? 
•  New  London  ? 
tNew  York 

Philadelphia? 

Baltimore  ? 

Georgetown? 
t  ?  Charleston 

Savannah? 

Nassau 

Turk's  Is. 
t  Havana 

Santiago  de 
Cuba? 

Great  Cayman 
tPort  Royal 
Portau  Prinee 

Aux  Cayes? 

St.  Domingo 

Porto  Rioo, 
City 

St.  Thomas 

Sta-Crus 
fAntlgua 

Martinique 

Ouadaloupe 

St.  Lucia? 

Barbados 

Grenada 

Tampa  B.  ? 

St.  Biark's? 
t?  Pensaoola 

Mobile 
fNew  Orleans 

Galveston  ? 

VeraCrus 

Belixe 

Ruatan? 

Blcwflelds? 

Grey  Town  ? 

Cbagre' 


Porto  BeUo? 

Curasao 

Porto  Cabelio? 

Caraccas? 

Port  Spain  ? 

Demerara 

Georgetown? 

Berbice  ? 

New  Amstdm. 

Surinam 

Cayenne  ? 

Paril? 

Maranham? 

Pemambuoo 

BahU 
fRio  Jandro 

Santos? 

Maldonado  ? 

Monte  Video 

Buenos  Avres 

Port  Stanley, 
Falkds.  ? 

Valdivia 

Concepclon 

Talcuhuano 
t  Valparaiso 

Coqnlmbo  ? 

Copiapo 

Intermedios 

Arica 
fCallao 

Payto 

Guayaquil 

(Puna) 

Tumaoo 
fPsnama 

Realfljo 

San  Miguel 

Acapuloo 

San  Bias 

Maxatlan 

Guaymas 

St.  Diego 

San  Pedro 

Sta-Barbara 

Monterey 
fSt.  Francisco 

Victoria  Harb. 

Esquimault 

Sitka 

Auckland  Is.  ? 

Otsheite 

Samoa  Is.  ? 

Honorum 

Guam,  Umata 
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APPROXIMATE  VARIATION  OF  THE  COMPASS  FOB  1856 

Wb8T  LONGXTirOB 

Lat. 

180° 

170° 

160° 

150^ 
£ 

140* 
£ 

130° 
E 

120°|110°,100° 

90° 

80° 

70° 

60<» 

50° 

40° 

30° 

20° 

lUf" 

0° 

N. 

£ 

E 

£ 

E 

R 

E 

W 

7(y 

74^ 

82W 

78^^^ 

75^ 

28** 

68 

7S 

74 

70 

W 

-8 

66 

% 

68 

68 

6S 

W 

34* 

*7 

64 

19'* 

»3* 

63 

63 

62 

52^ 

44^ 

34 

26 

62 

i8 

22 

*7° 

5^ 

44 

56 

58 

57 

5SV 

4« 

33 

26 

60 

>7 

t-l 

26 

31" 

34'' 

34** 

SS'' 

28° 

20° 

30 

SO 

S4 

53 

SO 

40 

3« 

*S 

58 

«7 

.0 

*5 

29 

3« 

3» 

3» 

26 

"9 

»5 

40 

5? 

SO 

5» 

4« 

39 

30 

»4 

56 

i6 

20 

»4 

47 

28 

»9 

*? 

"4 

22 

18 

17 

iB 

18 

3* 

46 

47 

48 

45 

37 

a9 

*3 

54 

i6 

19 

13 

»5 

*7 

»7 

»7 

«S 

28 

39 

43 

44 

4" 

36 

aS 

»3 

52 

>5 

i8 

21 

24 

*5 

*5 

»5 

20 

16 

12 

»3 

35 

38 

40 

3« 

34 

*7 

22 

50 

'5 

»7 

20 

22 

»3 

H 

»3 

18 

«5 

9 

20 

*? 

35 

36 

35 

3« 

a6 

21 

48 

H 

»7 

>9 

21 

22 

22 

21 

17 

15 

7 

17 

26 

3* 

33 

33 

*9 

26 

20 

46 

'4 

i6 

18 

20 

21 

21 

20 

17 

14 

5 

'5 

»3 

28 

31 

3« 

28 

*5 

20 

44 

«4 

i6 

17 

19 

20 

20 

'9 

16 

14 

3 

»3 

20 

27 

28 

»9 

27 

a4 

»9 

42 

«4 

«5 

16 

18 

18 

18 

17 

15 

»3 

2 

10 

x8 

a4 

17 

28 

26 

»3 

«9 

40 

'4 

15 

16 

17 

17 

17 

16 

14 

13 

0 

8 

x6 

22 

*S 

a7 

*S 

23 

»9 

38 

n 

»5 

«5 

16 

16 

16 

>5 

H 

12 

lE 

7 

14 

20 

*4 

26 

*S 

22 

'? 

35 

»3 

»4 
'3 

«4 
»3 

14 

>5 

»3 

'4 
>3 

12 

12 
II 

2 

5 

XI 

17 

21 

18 

*4 

14 

XI 

18 

32 

»3 

»3 

14 

3 

3 

8 

14 

22 

*3 

21 

18 

29 

»3 

n 

12 

12 

12 

12 

12 

II 

10 

8 

4 

I 

6 

12 

17 

20 

22 

20 

18 

26 

X2 

12 

II 

II 

IX 

If 

11 

10 

10 

8 

5 

0 

5 

10 

«5 

»9 

21 

20 

18 

23 

12 

II 

10 

10 

10 

10 

10 

10 

9 

8 

5 

lE 

4 

8 

13 

17 

20 

20 

18 

20 

11 

lO 

10 

xo 

9 

9 

9 

9 

9 

8 

6 

3 

2 

6 

IX 

• 

16 

20 

20 

18 

16 

11 

lO 

9 

9 

9 

8 

8 

8 

8 

8 

6 

4 

0 

4 

9 

14 

»9 

20 

«9 

12 

lO 

lO 

9 

9 

8 

7 

7 

7 

8 

8 

6 

S 

2E 

3 

8 

'3 

18 

20 

>9 

8 

lO 

9 

9 

8 

7 

7 

6 

7 

8 

8 

7 

5 

3 

X 

7 

12 

»7 

20 

»9 

4 

lO 

9 

9 

8 

7 

6 

6 

7 

8 

9 

8 

6 

4 

oE 

6 

XX 

17 

20 

»9 

0 

6. 
0 

lO 

9 

9 

8 

7 

6 

6 

7 

8 

9 

9 

7 

S 

X 

5 

XX 

16 

>9 

20 

lO 

9 

9 

8 

7 

6 

6 

7 

8 

9 

9 

7 

5 

X 

5 

IX 

16 

19 

20 

4 

lO 

9 

9 

8 

6 

6 

6 

7 

9 

10 

9 

8 

5 

I 

4 

IX 

16 

»9 

21 

8 

lO 

9 

9 

8 

6 

6 

6 

7 

9 

XI 

10 

9 

6 

2 

4 

10 

16 

»9 

22 

12 

lO 

9 

9 

8 

6 

6 

6 

8 

xo 

II 

II 

10 

7 

2 

4 

xo 

16 

20 

22 

16 

JO 

9 

9 

8 

7 

6 

7 

8 

xo 

12 

12 

II 

7 

3 

3 

10 

16 

20 

»3 

20 

lO 

9 

9 

8 

7 

7 

7 

9 

II 

12 

13 

12 

8 

3 

3 

9 

«5 

20 

a3 

23 

10 

9 

9 

8 

7 

7 

8 

9 

IX 

»3 

H 

12 

8 

4 

2 

9 

IS 

20 

84 

26 

II 

to 

9 

9 

8 

8 

8 

10 

12 

H 

»5 

«3 

9 

4 

2 

8 

14 

»9 

84 

29 

II 

lO 

9 

9 

8 

8 

9 

xo 

12 

>4 

16 

'4 

10 

1 

I 

8 

14 

19 

»4 

32 

12 

II 

10 

9 

8 

8 

9 

TO 

16 

16 

»S 

II 

0 

7 

13 

19 

U 

35 

»3 

II 

10 

9 

9 

9 

9 

XI 

17 

16 

12 

6 

0 

6 

12 

18 

*3 

38 

14 

12 

10 

10 

9 

9 

10 

12 

«5 

"7 

18 

17 

13 

7 

i£ 

5 

II 

17 

22 

40 

>5 

»3 

ri 

10 

10 

10 

10 

12 

'5 

18 

»9 

«7 

H 

8 

2 

4 

IX 

z6 

22 

42 

»5 

'3 

12 

II 

10 

10 

II 

>3 

16 

»9 

20 

18 

H 

9 

3 

4 

10 

16 

21 

44 

i6 

«4 

12 

It 

xo 

10 

II 

H 

17 

20 

21 

«9 

15 

10 

3 

3 

9 

15 

21 

46 

i6 

«5 

13 

12 

II 

II 

12 

'4 

18 

21 

21 

19 

»S 

11 

4 

2 

8 

14 

20 

48 

17 

«5 

13 

12 

12 

12 

13 

»5 

»9 

21 

22 

20 

x6 

12 

5 

I 

7 

»3 

»9 

50 

»7 

i6 

14 

«3 

12 

12 

13 

x6 

20 

22 

13 

21 

17 

12 

6 

0 

7 

12 

18 

52 

'7 

i6 

'5 

n 

"3 

'3 

>4 

17 

20 

22 

23 

22 

18 

»3 

7 

0 

6 

12 

18 

54 

i8 

17 

16 

14 

H 

«4 

15 

18 

21 
22 

»3 

14 

23 

»9 

14 

g 

lE 

5 

II 

17 

56 

«9 

i8 

16 

'5 

«4 

15 

16 

'9 

H 

14 

23 

10 

\l 

9 

2 

4 

10 

16 

58 

ao 

i8 

17 

17 

16 

16 

18 

20 

*3 

*5 

as 

*4 

21 

10 

4 

3 

9 

15 

60 

20 

19 

19 

18 

»7 

18 

»9 

22 

as 

27 

a7 

*S 

22 

17 

IX 

5 

2 

8 

H 

62 

20 

20 

20 

20 

"9 

20 

21 

24 

26 

26 

»3 

18 

12 

6 

I 

7 

"3 

64 

*4 

66 

68 

S70 

180° 

170° 

160° 

150° 

140° 

130** 

120° 

110° 

100° 

90° 

80° 

70° 

60° 

50° 

40° 

30° 

20° 

10° 

J 

TABLE  11 


501 


APPROXIMATE  VARIATION  OF  THE  COMPASS  FOR  18»6           1 

Ut 

East  Lonoitudb 

1 

0^ 

10° 

20*» 

SO** 

40*^ 

50** 

60^ 

70° 

80° 

90° 

100° 

110° 

120^ 

130° 

140° 

150° 

160° 

170^ 

180° 

N. 

W 

w 

W 

W 

70^ 

^r 

22° 

ii« 

.0 

68 

28 

21 

XI 

66 

*7 

20 

II 

W 

64 

26 

>9 

XX 

o«> 

62 

26 

18 

II 

0 

E 

E 

K 

E 

60 

»s 

18 

II 

I 

^ 

8« 

12^ 

X2^£ 

loE 

s^ 

lis 

jV 

sV 

2V 

iW 

.0 

11° 

17° 

58 

a* 

18 

II 

1 

7 

11 

10 

5 

1 

3 

2 

1 

II 

17 

56 

*3 

17 

II 

XI 

2 

7 

10 

9 

4 

I 

3 

3 

2 

0 
0 

11 

16 
16 

&4 

a3 

17 

2 

6 

9 

8 

4 

0 

10 

52 

22 

16 

II 

2 

6 

8 

7 

3 

0 

3 

5 

0 

10 

15 

50 

21 

16 

XI 

2 

5 

7 

6 

3 

0 

3 

I 

10 

'5 

48 

20 

16 

II 

2 

4 

6 

6 

3 

0 

3 

0 

10 

H 

46 

20 

16 

II 

2 

0 

4 

6 

5 

3 

0 

3 

5 

0 

10 

H 

44 

«9 

j6 

II 

2 

0 

3 

5 

5 

2 

0 

3 

4 

0 

10 

H 

42 

»9 

«5 

II 

2 

0 

2 

5 

4 

2 

0 

3 

0 

10 

>4 

40 

«9 

«5 

XX 

2 

0 

2 

4 

4 

2 

0 

3 

lE 

10 

H 

38 

19 

15 

11 

2 

iW 

I 

3 

3 

2 

I 

3 

I 

10 

13 

35 

18 

'5 
15 

XI 

II 

2 
3 

I 
I 

I 
x 

2 

3 

3 

2 
2 

I 
I 

2 
2 

2 

2 
2 

10 
10 

>3 

32 

18 

X 

2 

»3 

29 

18 

16 

12 

3 

2 

I 

0 

2 

I 

I 

I 

I 

2 

10 

>3 

26 

18 

16 

X2 

8 

3 

2 

I 

0 

2 

I 

I 

I 

I 

3 

10 

12 

23 

18 

16 

n 

8 

4 

2 

I 

0 

2 

I 

I 

0 

0 

3 

10 

12 

20 

18 

16 

>3 

9 

4 

2 

I 

0 

2 

2 

2 

0 

0 

3 

10 

11 

16 

"9 

17 

»4 

10 

4 

2 

1 

0 

2 

2 

2 

0 

lE 

4 

8 

10 

II 

12 

»9 

18 

»5 

II 

5 

2 

I 

0 

2 

2 

2 

lE 

2 

4 

8 

10 

10 

8 

»9 

«9 

«7 

12 

6 

3 

I 

0 

2 

2 

2 

lE 

2 

S 

8 

10 

10 

4 

»9 

20 

18 

13 

7 

3 

2 

0 

I 

2 

2 

3 

5 

8 

10 

10 

0 

s. 

0 

ao 

21 

19 

H 

8 

4 

2 

iW 

0 

I 

I 

X 

3 

6 

8 

10 

10 

20 

21 

»9 

14 

8 

4 

2 

I 

0 

I 

I 

X 

3 

6 

8 

10 

10 

4 

21 

22 

20 

16 

9 

5 

3 

2 

0 

I 

I 

I 

3 

6 

8 

10 

10 

8 

22 

23 

21 

18 

II 

7 

4 

2 

2W 

0 

0 

I 

4 

6 

8 

10 

10 

12 

22 

a4 

»3 

20 

13 

9 

5 

3 

3 

2W 

iW 

0 

4 

7 

9 

lO 

10 

16 

23 

»5 

as 

21 

x6 

10 

7 

5 

4 

3 

3 

2W 

iW 

4 

7 

9 

10 

10 

20 

23 

26 

26 

22 

»9 

»3 

9 

7 

6 

5 

4 

3 

S 

8 

10 

10 

XO 

23 

*4 

26 

a7 

*3 

21 

15 

II 

9 

8 

7 

5 

4 

s 

8 

10 

II 

10 

26 

*4 

27 

28 

»5 

22 

17 

14 

II 

10 

9 

7 

5 

0 

5 

9 

II 

IX 

11 

20 

14 

27 

28 

27 

a4 

20 

16 

H 

n 

II 

9 

6 

6 

9 

12 

12 

II 

32 

44 

*7 

a9 

28 

»5 
a7 

22 

>9 

X7 
20 

16 

'9 

»4 

10 

7 

6 

9 

10 

12 

13 

12 
»3 

35 

*3 

27 

»9 

*9 

a5 

22 

16 

12 

8 

0 

6 

«3 

«4 

38 

22 

26 

29 

30 

29 

27 

as 

a3 

22 

»9 

»S 

10 

0 

6 

10 

13 

H 

H 

40 

22 

26 

29 

3a 

30 

28 

26 

as 

24 

20 

16 

II 

iW 

6 

II 

H 

»5 

15 

42 

21 

»5 

29 

32 

3« 

*9 

27 

26 

as 

22 

x8 

12 

6 

II 

«4 

*S 

'5 

44 

21 

»5 

29 

33 

32 

30 

28 

a7 

26 

as 

20 

14 

6 

II 

IS 

16 

16 

46 

20 

*4 

28 

3a 

33 

3» 

30 

28 

27 

26 

21 

»S 

6 

12 

M 

16 

16 

48 

'2 

»4 

28 

3a 

35 

33 

31 

29 

28 

a7 

a4 

17 

6 

12 

'5 

17 

«7 

50 

18 

as 

28 

3a 

35 

34 

33 

3' 

29 

28 

as 

18 

6 

12 

16 

17 

«7 

52 

18 

23 

27 

32 

35 

35 

34 

3a 

30 

29 

26 

20 

6 

»3 

16 

18 

17 

54 

22 

27 

3' 
V 

35 
35 

37 

36 

35 

33 
37 

3« 
34 

30 

22 

6 
6 

»3 

X7 

18 

18 

56 

22 

27 

38 

37 

38 

33 

26 

H 

18 

'9 

«9 

58 

21 

26 

31 

35 

38 

40 

4a 

4« 

40 

38 

30 

6 

»5 

'9 

20 

20 

60 

20 

26 

3« 

35 

39 

4a 

45 

46 

46. 

4a 

31 

»7 

Q 

6 

»S 

20 

20 

20 

62 

»9 

»5 

31 

35 

64 

66 

i 

68 

870 

80° 

0" 

lO** 

20« 

30* 

40« 

50^ 

60* 

70° 

90° 

100° 

110° 

120° 

130° 

140° 

150° 

160° 

170° 

180 

sn 


TABLE  12 


PASSAGES 


Places 


Acapulco  to  San  Bias... 
Payta 
Valparaiso 
Accra  to  Ascension .... 
Fernando  Po 
St.  Thomas  I. 
Sierra  Leone 
Achin  Hd.  to  Pt.  Natal 
Pt.de  Galle 
Aden  to  Bombay  .... 
Pt.  de  Galle 

Suez     

Alexandria  to  Malta... 
Do.... 
Rhodes 
Smyrna 
Suda  .., 
Zante... 
Algiers  to  Gibraltar  ... 

Malta  

Smyrna .... 

Tunis    

Algoa  B.  to  Dolagoa  B. 
Simon's  B. 
Amber,  C.  to  Bombay 
Amboyna/o  Calcutta. . . 
Anambas  to  Java  Hd. .. 
Macao    ... 

Anjer  to  Java  Hd 

Macao 

Natunas 

Natal  

Sydney   

Antigua  to  H  avana  . . . 
Port  Royal 
Antonio,  St.  to  Madras 
Sand  Hds.     .. 
Trinidad  (Atl.) 
Apia  to  Valparaiso    .. 
Arica  to  CaUao,  Stm.. 
CopiapOyStm. 

Islay    

Do.  Stm. 
Ascension  to  Azores... 

Bahia  

Barbados.... 
C.  Coast  .... 
Cape  of  G.  H. 

Lizard 

De  Los,  Is.. 
Portsmouth . 
Sierra  Leone 
Thomas,  St.  I. 
A  atcba  B.  to 

Kotzebue  Sound 

Monterey    .... 

Azores     Madeira. . . . 

Portland.... 

Bnhia  to  Demerara  . 

Maranham  . 

Mauritius 

NorfoL.U.S. 

Pernambnco . . 

Portsmouth . 

Rio  Janeiro . 

Do 

Barbados  to  Antigua 


Day    INo. 

I 


lo-ao 

14-17 
4-10 

5-aS 

17 

5a 

7 

9 
10 

7 
13-16 

3 

5 
II 

12 

>5 

2 

5-1 1 

»9 

3 

10 

12 

37 

43-70 

5-21 

18-20 

4 
21-22 

4-5 

38 
36 

>3 
6 

78-83 
So-92 

21-27 
44 

2-8 

oi 
24-39 

8-10 

II 

24-28 

34-59 

J4 

33-53 
6-13 

12 

18 

33 

7 
4-16 

16 

>4 

43 

38 

3-12 

46.48 

5-*5 

3 
2-5 


4 
I 

2 

2 

3 

2 

I 

I 

I 

s.p. 

8.P. 
8.P. 

3 

8.P^ 

1 

I 

I 

I 
8.P4 

4 
I 

I 

I 

I 

I 

Av, 

5 

3 
I 

2 

2 

I 

I 

I 

I 

2 

2 

3 
I 


8 

2 
I 
I 

2 

*5 
I 

20 

7 
1 

X 

I 
I 
8 
I 
I 
I 
I 

'4 

2 

24 

S.P 

3 


Places 


Days 


Barbados  to  Demerara 
LaGuayra 
Maranham 

Para      

Port  Royal 
St.  Thomas 
Do.  Stm. 
Batavia  to  Anambas ... 
Hong  Kong 
Miidras    ... 

Siam     

Bay  of  Is.  to  Sydney... 

Belize  to  Port  Royal... 

Vera  Cruz  ... 

Bencoolen  to  Calcutta 

Madras    ... 

Bermuda  to  Barbados 

Christopher,  St. ... 

English  Harb 

Halifax  

Nassau,  N.P.  Stm. 

Portland  

Port  au  Prince 

Port  Royal  

Southampton,  Stm. 

Thomas,  St 

Bombay  to  Aden  

Do 

Calcutta   ... 

Ceylon 

Cochin  

Colombo  ... 
Mauritius. . 

Muscat 

Penang 

Pt.  de  Galle 

PuloWay... 

Trinoomalee 

Zanzibar  ... 

Bonny  R.  to  England 

Bourbon  to  Agalega ... 

Manritins 

Natal 

Bow  I.  to  Otaheite  ... 

Brava  to  Ceylon    

Rio 

Martin  Vas... 
Buenos  Ayres  to 

M.  Video 
Bussorah  to  Calcutta- 
Calcutta  to  Amboyna... 
Bencoolen  ... 

Bombay 

Bussorah .... 

Ci^  

Ceylon    

Java    

Macao 

Madras  

Do 

Manila    

Mauritius  ... 

Penang  

Port  Jackson 
Rangoon  .  .. 
Callao  to  Arica,  Stm. . . 
Disappointment  Is 


No, 


4-22 

3-6 
12-29 

20-27 

5-9 
4-5 

2 

8 

J9 
19-21 

36 

9 
16-19 

7-18 
28.55 

13 
10-17 

5 

9-10 

5-22 

4-4 
16.54 

12-15 

7-21 

14-18 

6-12 

14 

9 

20-75 

.5 
6-17 

9-11 

a4 
10.33 

»4 
10-6 

10- 1 2 
8.15 

>5 

70 

4 
6 

16 

7 

56 

a5 
II 

2-3 

40-100 

43-65 

28-40 

»5-75 
40-100 

40-80 

»5-45 

33-55 
64-81 

8-35 

3i 

58-80 

30-70 

18-40 

66-110 

818 

4 
a3 


5 

5 

2 

2 

»4 

2 

I 
1 

2 
I 
I 

5 

35 
Av 

1 

5 

2 

2 

3* 

3 
6 

2 

6 

3 
I 

S.P^ 

Av. 

8.P 

4 

4 
I 

4 
I 

3 

7 

9 
I 

I 

I 

I 

I 

I 

I 

I 

I 

6 
Av 

Av. 
Av, 
Av. 
Av. 
Av. 
Av 
Av. 
Av 
Av 

8.P 

Av 
Av. 

Av. 
Av. 
Av. 


Places 


DayslNc 


Callao  to  Galapagos... 
Guayaquil... 
Hong  Kong 
Honorum ... 
Mazatlan  ... 

Panama 

Do.  Stm. 

Payto 

Portsmouth . 
Rio  Janeuro 

San  Bias 

Valparaiso... 
Campeachy  to  Havana 
Tampico 
Vera  Cruz 
C.  Coast  to  Gambia  .. 
Portsmouth 
Sierra  Leone 
CapeofG.  H.  to 

Amsterdam  I. 
Ascension    ... 

Calcutta  

Helena,  St.... 

JavaHd 

Johanna  

Madras    

Mauritiiia  ... 
Plymouth  ... 
Portsmouth... 
Trincomalee. . 
Cartagena  to  Chagres.. 
Do.  Stm.   ... 

Crooked  I 

Port  Roval 

m 

Kingston,  Stm. 
Sta.  Martha  ... 

Ceylon  to  Calcutta 

Cartagena  ... 

Madras  

Penang   

Port  Royal... 

See  alto  Pt.  de  Galle 

Chagres  to  St.  Andrew  I. 

Cartagena  ... 

Port  Royal... 

Cochin  to  Bombay 

De  GaUe,  Pt. 

Trinoomalee 

Coco8l.(Pac)  to  Callao 

Clipperton  Rk. 

Colombo  to  Batavia  ... 

Bombay 

Mauritius  ... 
Trincomalee 
Conception  to  Rio  Jan. 
Valparaiso 
Constantinople  to 

Smyrna    

Trebisond,  Stm. 

Copiapo  to  Arica,  Stm. 

Valparaiso,  Stm. 

Coquimbo  to 

Monte  Video 
Mas  a  Fuera 
Rio  Janeiro 
Valparaiso... 
Corfu  to  Gibndtar,  Stm. 


9-10 
5-7 

SO 

19 
6* 
3-6 

46-59 
27-31 

15-28 

if-12 

3 

3 

»4 
51*62 

10-36 

19-22 
15-19 
40-80 

8.17 
34-46 

20 
39-i6 

"7-35 

34 
»4-53 
36-54 

7-9 

2 

26 
3-11 

3 

3-5 
15-48 

4-7 

2 

5 
6-12 

8 
4-7 

6-12 

411 
9-10 
7-1 1 

60 

32 

18 
10-19 

«9 
8 

40 

2-11 

2 

3 

3 

2 

30 

7 

3S-50 

4-7 

6 


2 
a 
I 

5 
1 

I 

2 
I 

2 

4 

»9 

2 

I 

2 
I 

3 
5 


4 
Uv. 

46 

3 

% 

5 
9 

IS.P. 

3 
9 

3 


45 

4 
Av. 

4 

8.P. 
S.P. 

8 

I 

4 
8 

4 

2 

2 
I 
I 
I 

2 
I 
I 
I 
8 

S.P. 


I 
1 

3 

3 
I 
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PASSAGES 


Places 

CorfatoMalU , 

Smyrna , 

Cork  fo  Gibraltar 

Oporto    

Coopang  to  Batavia  .. 
Kedgeree 
Crooked  I.  to  Bermuda 
Falmouth 
Havana.. 
Deligoa  B.  to 

Bembatooka 
Simon's  B. 
Demerara  to  Carlisle  B. 
Port  Spain 
Surinam... 
Diff oKam. /oM.  Video 
Dtsapp.  C.  to  Bod^a 
East  C.  (Mad.) /o 

Bombay 
Easter  I.  to  Ducies  I. 
PalUands  to  C.  Horn 

Valparaiso 
Falmouth,  $ee  Lizard 
Foul  Pt.  (Madag.)  tn 

Simon's  B. 
FrandacOi  St.  to 

Honoruru 
San  Bias 
Valpar.... 
Friar's  Hood  to 

Madras. 
PuloWay 
GaOe,  Pt.  de,  to 

Natal 

Pulo  Way... 
Simon's  B.... 
Trincomalee 
Gambia  R.  to  Spithead 
Sierra  Leone 
Caspar  I.  to  Java  Hd. 

Geooa  to  Malta    

Gibraltar  to  Algiers  . 
Lisbon  .... 
MalU    .... 

Do 

MarseiHes... 

Naples 

Portland  . 
Tunis  .... 
GoreetoPortPraya... 
Sierra  Leone 
Grenada  to  Port  Royal 
Port  Spain 
Tobago.... 
Guayaquil  to  Callao ... 
Do.  Stm. 
Halifax  to  Barbados . . . 

Bermuda 

Boston 

John's  St.  Newf. 

Madeira  

Portland , 

Liyeipool , 

farana  to  Barbados... 

Belise 

Bermuda    ... 
Falmouth  .. 


Days 

No. 
8 

3-9 

4 

X 

9-13 
6 

2 

10 

30 
6.7 

21-48 

3-5 

U 

8-15 

3-4 

4 
6 

>3 
8 

>S 

II 

12 

18-34 

6 

44 

I 

10.40 

8 

>5 
66 

I 

X 

2-3 

5 

7 

I 

35-43 

2 

7-7 
48-52 

2 
2 

7 

I 

40 
6-13 

1 

5 

6-21 

5 

5-8 

a 

5-18 

4 

3 

8.P. 

8-20 

16 

5 

8.P. 

10 

I 

16 

I 

7-23 

16 

5 

I 

2-9 

% 
X 

5-13 

15 

2-3 

2 

3 

I 

12-20 

2 

4 

- 

^3 

I 

6-21 

*5 

'{ 

S.P. 

4-12 

7 

34 

X 

17-27 

H 

IX 

8.P. 

>9 

I 

4-10 

II 

8-14 

7 

23-58 

»7 

Places 


Havana  to  Honduras. . 
Kingston   ... 

Madeira 

Nassau 

Do.  Stm. 
New  Orleans 
New  York... 
Port  Royal.. 
Portsmouth. . 
Tampico.... 
Helena,  St.  to  Ascens. 

Azores 

C.  Good  Hope 

Equator  

Lizard 

Mauritius    

Portsmouth  (Eng.) 

Hobarton  to  Sydney 

Hong  Kong  to  Peiho... 

Singapore 

Honoruru  to 

Avatcha  B. 
C.  Disapp. 

Macao 

Monterey 
Otaheite... 
Valparaiso 
Horn,  C.  to  Conception 
Rio  Janeiro 

Jacmel  to  Jamaica 

Port  Royal   

Porto  RioOi  Stm. 

Java  Head  to  Calcutta 
Cape  G.  Hope 
Helena,  St.  .. 

Natal    

Johanna  to  Seychelles 

Bombay.. 

Madras  .. 

Maldives. 

John's  St.  ^ewf.)  to 

rayal  

Halifax . .. 
Portsmouth 
—  (New  Brans.)  to 

Halifax 
Karakakoa  to  Starbuck 
Kedgeree  to  Madras ... 
KeeUng  Is.  to  Swan  R. 
Trincomalee 
King  G.  Sound  to 

Hobarton  ... 
Port  Jackson 
Kingston  to 

Sta.  Martha,  Stm. 

Havana 

Vera  Crux 

Kotzebue  Sound  to 

St.  Francisco 

Leghorn  to  Algiers   . . . 

Gibraltar.. 

Malaga  ... 

Malta 

Marseilles 
La  Guayra  to  Barbados 
Cartagena 


Days  I  No. 


a* 

4 

49 
4.13 

2 

4 
12 

7-24 
23-46 

6-6 

4-10 
31.41 
17-30 

7-18 
46-58 

44 

39-53 

5 

15 
7 

28-31 

22 

41 
15-22 

28 

42-60 

54 
21 

It 
2-7 

2 

33-60 
28-70 
42-70 
28-47 

6 
X9-40 

23 

26 

»3 

3-»3 
19 

6-10 
23 

7-39 
29 

18 

12 
16 


i 


3a 
5 

43 

9 
12 

]6 

4 
7 

4 


8.P. 

8.P. 

I 

5 

8.P. 
I 

9 

9 

2 

44 
3 

38 

3 
I 

8 

J 

I 

s.p. 

2 

X 
X 

5 
I 

4 
I 

I 

8.P. 
26 


Av, 

«5 
9 

2 
1 

5 

I 

X 

I 

7 

X 

2 
1 

3 
I 

I 

I 

X 


8J>. 

a.p, 

I 
I 

X 

I 
I 
I 
I 

X 


Places 


Days 


La  Guayra  to 

Port  Royal  4 

Port  Spain  24 
St.  Thomas   4-10 

Lisbon  to  Barlmdos  ...  18-22 

Falmouth  6-xi 

Gibraltar 6 

Do xj 

Madeira 3 

Malta 19 

Portsmouth  7-14 

Rio  Janeiro   38 

Simon's  B 57 

Southampton 5 

St.  Mary's  (Ax.)  5 
Liverpool  to 

Halifax,  Stm.  13 

Lizard  to  Amsterdam  L  79-So 

Anjer 83-99 

Bahia 35 

Barbados 23-52 

Cadiz .7-1* 

Cape  of  G.  Hope  '  77 

Ceylon  106 

Christinas  1 84-106 

Crooked  1 34-39 

the  Equator  ^10-50 

Gibraltar   6-15 

Halifax  25-57 

Jacmel   27-54 

Lisbon  5-12 

Madeira 5-21 

Madras 91 

Mauritius  76 

Newfound].  St.  J.  21 

Paul's,  St.  (I.Oc.)  77 

Penang  104-119 

PortPraya 25-26 

Port  Royal 35-41 

Sierra  Leone 24 

Sydney  103-115 

TenenSSTe    9-32 

Trinidad  (Atl.) ...  39 

Vincent's,  St.   ...  36 

Loando  to  Lisbon,  Stm.  30 

Ascension ...  74-15 

St.  Helena...  12 

London  to  Bombay  ...  26 

Dublin    ...  3f 

Sydney    ...  86-105 
Lucia,  St.  to 

St.  Jago  de  Cuba  5 

Macao  to  Anambas  ...  5-12 

Calcutta    ...  64- ICO 

Gaspar  9-10 

Helena,  St.  91 

Java  Hd.  ...  12-35 

Manilla 5-7 

Natanas    ...  5-20 

Pulo  Aor  ...  6-12 

Singapore...  11-33 

Madeira  to  Antonio,  St.  6-7 

Barbados,  Stm.  12-15 

Bermuda    24-30 

Cadiz X0-12 

Carlisle  B 18-32 

De  Galle.  Pt.  131 


No. 


X 

I 
8 

2 
2 
I 

8.P. 

S.P. 

X 

6 
I 

I 


2 
2 
I 

31 

3 

X 

I 

2 

7 

45 
>5 
16 

25 
12 

35 
I 

X 
X 

I 

2 
2 

3 
I 

4 
20 

X 
X 

I 

2 

X 

I 

S.P. 


I 

6 

Av. 

4 
I 

9 
3 
7 

9 
6 

3 

2 
2 

7 
I 
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■••••••■ 


1 


Places 

Madeira  to  Ferro 

Friar's  Hood... 
Johanna 
LoandOy  Stm. 

Madras  

Malte 

Pernambuco  . 
Port  Praya     . 
Rio  Janeiro    . 
Sta.  Cruz,  Ten. 
St.  Domingo 

(Salinas) 
Simon's  B. 
Trinidad  (AU.) 
Tristan  d'Ac... 

Madras  to  Anjer   

Bencoolea 

Bombay 

Calcutta 

Do 

Cape  G.  Hope  ... 

Cocos  Is 

Colombo    

Kedgeree     

DeGallePt.,Stm. 

Penang  

Port  Jackson 
Port  Louis... 
Pulo  Way  ... 
Rangoon  ... 
St.  Helena... 
Sand  Heads 
Swan  River 

Trincomalce  

Malacca  to  Pe  J .  Branco 
Penang  ... 
Maldonado  /o  Rio  Jan. 
Valparaiso 
Malta  io  Alexandria... 

Do 

Constantinople  ... 

Corfu 

Dardanelles  Stm.. 

Egina 

Gibraltar 

Do 

Hydra    

Leghorn 

Marseilles  Stm.... 

Naples 

Portsmouth  

Smyrna  

Toulon  

Tripoli  (Barb.) ... 

Tunis 

Malacca  to  Madras  ... 
Penang  ... 
Singapore 
Manilla  to  Calcutta  ... 

Macao 

GasparL... 

Pulo  Aor... 

Singapore.. 

Manzanilla  to  San  Bias 

Valpar. 

Maranham  to  Trinidad 

Marquesas  to  Woahoo 


Days 


4 
89 

74 

a? 
8Z-98 

"9 

22-34 

24-47 
2-3 

22 

5 '-95 
23.33 

35 
28 

20 

»7 

8-35 

3i 
49-70 

24 

IO 

5-,6 

*i 

8-33 
52-71 

»3-35 

7 
7-16 

75 

3-4 

5* 
2-16 

3-5 

3-6 

12-17 

35-43 

8-12 

3 

7 

4-8 

7 
4-8 
9-23 

5 
5 

4 

ft 

3-8 
18-37 

6-10 

JO 

5 

2-10 

23 
8 

4 

58-95 

5 

9 

4 
7-9 

5 

37-50 

>3 

17-19 


No. 


X 

I 

X 

I 

2 
I 

2 

3 
7 
7 


3 

3 
I 

X 
X 

X 

Av. 
s.p. 

4 
I 

J 

3 

m 

»5 

3 

2 

I 
4 

X 

7 
I 

45 

2 

2 

4 

2 

2 

8.P. 
S.P. 

8 

2 

'5 
s.p. 

2 

X 

8 
6 

4 
I 

X 

9 
I 

I 

X 

Av 

X 

I 

X 

3 

X 

2 
I 

4 


Places 


Days 


No. 


Marseilles  to  Algiers.. 
Malta  . 
Martha,  St. /oPt.  Royal 
Mary's,  St.  I.  to 

Mauritius 
Simon's  B 
Mas  a  Fnera  to  D.Ram 
Masulipatam  to  Madras 
Mauritius  to 

Bembatooka 

Bombay 

Calcutta 

Hobarton  ... 

Madras  

St.  Helena... 
St.  Mary's  I. 

Penang  

Simon's  B.... 

Trincomalee 

Messina /o  Naples    ... 

Mocha  to  Bombay    ... 

Monte  Yid.  to  B.  Ayres 

Falmouth. 

Rio  Janeiro 

Valparaiso 

Monterey  ^0  Guadalupe 

Honoruru  . 

Magdalen  B. 

Muscat  to  Bombay    ... 

Naples  to  Genoa  

Gibraltar  ... 
Leghorn   ... 

Malta    

Narcondam  to  Macao 

Penang . . . 

Singapore' 

Nassau  to  Bermuda  ...j 

Do.  Stm.    ...I 

Cay  Sal 

Cumherl.  barb. 

Havana,  Stm. 

Port  Royal  Stm. 

Portsmouth    . . . 

Natal  to  C.  Good  Hope 

Helena,  St.... 

Natunas  to  Java  Hd. 

Macao 

Natal    

Negapatam  to  Kedgeree 
New  Orleans  to 

Havana,  St 

Vera  Cruz,  Stm. 
New  York  to 

Liverpool 

Portsmouth   ... 

Rio  Janeiro   ... 

Nootka  io  St.  Francisco 

Nore  to  Hammerfest . . . 

Noukahiva  to  Bow  L... 

Otaheite  to  Bay  of  Is. .. 

Honoruru .. 

Pelewls.  ... 

Pitcairn   ... 

Tongatabou 

Owhyhee  to  Otaheite.. 

Palma  to 

Tristan  d'Acunha 


3 
3-10 

3-5 

9-24 
22 
10 

»3 

>5 

3->7 
30-70 

43 

'7 
22-36 

4-7 

*5 
19-34 

43 

4 

4* 

»-5 

59-63 

8-19 
38-64 

5 
20 

II 
6-12 

6 
8-16 

3-7 
3-8 

44 
6 

15 
6-8 

4-5 

6-7 

II 

2-2 

5 

33-35 
5-15 
33-36 
5-1 1 
9-10 

57 
X5-17 

3 

4 

5>-i6 

3« 
48 
10 

24 
6 

45 
18-28 

92 

13.24 

12 

27 

34-39 


I 

4 

X2 

7 
I 

I 

X 

X 

2 

Av 
I 
I 

2 

9 
I 

8 

I 

I 

X 

6 

2 
28 
6 
I 
I 

X 

7 
I 

2 

3 

S 
I 

X 

I 

4 

2 
I 

3 
I 

2 

7 

2 

3 

2 

X 

2 


Places 


s.p, 

X 

I 

I 

X 
X 

I 

3 
I 

4 

I 

X 


Panama  to  Acapulco... 

Cocos  I 

Guayaquil,  Stm. 

Realejo     

Para  to  Carlisle  B 

Payta  toCallao 

Pedro  Branco  to  Macao 
Penang  to  Calcutta  ... 

Helena,  St 

Madras  

Macao    

Do.  East  Pass. 

Malacca 

Port  Jackson 

DeGaliePt..»Stm* 

Rangoon    

Sand  Heads  

Singapore 

Do 

Trincomalee 

Pernambuco  to  Bahia 
Do. ... 
Petropaukki  to 

Mazatlan 
Pitcairn  io  Otaheite ... 
ValjMiraiso 
Plymouth  io 

Cape  Good  Hope 

C.Verd 

See  Lizard 
Port  aa  Prince  io 

Port  Royal 

Turk's  L.. 

Port  Jack.,  see  Sydney 

Porto  Cabello  to 

Chagres.... 
Port  Royal .. 
Sta.  Martha 
St.  Thomas.. 
PortPliilip/oPort  Jack 
Port  Praya/o  Carlisle  B. 
Cape  G.  H. 

Gambia 

Goree 

Sierra  Leone 

Porto  Rico  to  Bermuda 

Carlisle  B. 

Jacmel   .. 

Jamaica... 

Port  Royal  to  Barbados 

Bermuda 

Campeachy 

Cartagena   

Chagres  

Crooked  I 

Fayal  

Halifax    

HaTana    

Maracaibo  

Portsmouth  .... 
St.  Jago  (Cuba) 
Sta.  Martha  ... 
St.  Thomas... 
Trinidad  (Cuba) 
Vera  Crux  .... 
Prince's  L  to  Accra  . 
Annobona  . 


Days  No. 


20-30 

4 

"  1 

I 

5 

• 

11-13 

i 

7-8 

1 

10-15 

2 

9-28 

4 

16-45 

At. 

95-95 

^ 

9-25 

12 

26.35 

1 

73 

I 

8-10 

5 

61 

I 

6 

- 

XI 

1 

ic-19 

3 

3-16 

9 

2 

s.p. 

16-26 

2 

3-9 

M 

2 

S.P. 

33 

I 

12-15  1 

3 

19.29 

4 

38 

SP. 

II 

s.p. 

4-15 

4 

XI  ' 

1 

I 

1 
6 

I 

4 

1 

3-4 

n 

8 

I 

4-7 

2 

20 

1 

41-52 

3 

3-8 

3 

6 

I 

5-8 

6 

8 

I 

n 

I 

2 

s.p 

3 

s.p 

1 

21-27 

!  b 

ic-25 

9 

3-10 

5 

3-10 

22 

3-5 

12 

6-14 

25 

27 

I 

30 

I 

6-14 

16 

13 

I 

36-66 

3 

2-6 

8 

3-»3 

11 

6-8 

4 

4 

1  I 
1  _ 

9-15 

1  8 

1 

.8-20 

■  3 

6  10 

2 
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PASSAGES 


Places 


Days 


iVince's  I.  to  Ascension 

Sierra  Leone 

Polo  Aor  to  Achin  Hd. 

Java  Hd. 

Pulo  Bonton  to  Macao 

Pulo  Way  to  Macao . . . 

Penang  ... 

Singapore 

Poh  Sapata  to  Macao 

Pwaiigoon  to  Calcutta... 

Madras  ... 

PenaDg  ... 

V  initonga  to  Vavao  ... 

Keai/jo  lo  Calebra    ... 

MaDzanilla 

Nicoya 

Rhodes  to  Smyrna 

Rio  Janeiro  to  Babia. . . 
Berkeley  Sound 
Buenos  Ayres ... 

Cape  G.  H 

Conception 

Lisbon 

Maldonado 

Monte  Video   ... 

Do 

Portiimoiith 

St.  Cath.  (Braz.) 
Sierra  Leone    . 
Valparaiso   .... 

Zanzibar 

Rodrigue  L  to  Bombay 
S<icrificios  to  Tortugas 
Salinas  to  \  ort  Royal . . . 
San  Bias  to  Acapulco . . . 
Clarion  L.. 
Mazatlan . . 

Payta  

Socorro  ... 
Valparaiso 
Sand  Heads  to  Cape... 

Madras 

Natal     

Narcondam 

Penang 

Polo  Bouton 
Rangoon  . 
Rodrigue  . 
Sand  V.  Is.#ee  Honoruru 
Seychelles  to  Bombay 
Majambo  B. 
Manritiuft ... 
Zanzibar  ... 
^1)ang.hae  to  London 
Sierra  Leone  to  Accra 
Ascension  ... 

C.  Coast 

Cape  G.H.... 
Diz  CoYC  ... 

Gambia 

Goree  Stm... 
Portsmouth.. 
Singapore  to  Anjer   .. 
Hong  Kong 


7-20 

>5 
18 

11-15 

51 
26-47 

4-6 

14-18 

8-18 

15-28 

10.12 

6 

5 
28 

6 

6 

6-25 

22 

9-*3 
18-30 

36 

57 

7-20 

8-18 

5 

3>-7S 

4-6 

49 
33-69 

51-63 
42 

18 

3-6 
6-11 

7 

3-7 

30 

4 
43-62 

55-59 
16-17 

46 
3-1 1 
11-37 

30 

10 

43 

33 
13 
IS 

as 

99 

lo 

9-25 
9-27 

22 

19 

8-10 

5 

42-49 

16 
13-36 


No. 


5 
I 

I 

7 
I 

2 

5 

2 

I 
Av. 

4 

2 

I 
I 
I 
1 
I 

»5 
I 

7 

9 
1 

I 

6 

28 

s.p. 

28 

4 
I 

9 

2 

I 

I 

2 

4 
I 

6 

I 

I 

5 

2 

2 
I 

3 

3 
I 

I 

I 

I 
1 
I 

X 
X 

1 

5 

17 

S.P 
X 

4 
I 

8 

X 

5 


Places 


Days 


Singapore  to 

Hong  Kong  

Macao    

Do.  Palawan  Pass 

Madras  

Manila  

Penang  

Sourabaya 

Trincomalee 

Sitka  to  Nootk  a    

Columbia  R. 
Smyrna  to  AIe.vandria 

Malta  

Southampton  to 

Alexandria 

Bermuda,  Stm. 
Buenos  Ayres.. 

Calcutta 

Chagres ■.. 

Constantinople 

DtMiierara  

Gibraltar    

Grey  town  

Havana 

Lisbon  

Madeira 

Malta 

Nassau  

Rio  Janeiro  ... 
St.  Thomas    ... 

Trinidad     

Vigo  

Surinam  to  Cayenne... 

Suez  to  Aden 

SwanR.  /oCapeG.  H. 
KeeUngs... 

Sydney  to  Batavia 

Bay  of  Is 

Bourbon  or  Maur. 

Calcutta 

Coupang 

Entry  L  (N.  Z.) 

London  

Manila    

•  Penang   

Port  Philip     

Valparaiso 

Tampico  to  Havana  ... 

Vera  Cruz 

Do.  Stm. 

Tarragona  to  Gibraltar 

Tenenfe  to  Basse  Terre 

Bermuda 

CapeG.  H 

C.  Verdls 

Carlisle  B 

Fernando  Noronha 

Grambia   

La  Guayra  

Pemambuco    .... 

Port  Royal 

Sierra  Leone   .... 

Rio  Janeiro 

Thomas,  St.  /oBermuda 


7 
14-26 

46 
15-28 
14-14 

2 
15-30 
i4-x8 

6 

9 

7 
10-17 


XX 

s.p. 

18-20 

2 

40 

s.p. 

43 

s.p. 

a4 

s.p 

'5 

.s.p. 

22 

s.p. 

5 

s.p. 

a7 

s.p. 

*5 

s.p. 

4 

s.p. 

8 

s.p. 

10 

s.p. 

^4 

s.p. 

29 

s.p. 

17 

s.p. 

22 

s.p. 

3 

s.p. 

6 

X 

6 

s.p. 

46 

X 

'3 

I 

37 

I 

7-25 

5 

77 
66-110 

X 

Av. 

28-32 

2 

7 

I 

140-151 

2 

54 

I 

5* 
6-9 

44-48 

I 
2 
2 

8-17 

5 

2-17 

*5 

I 

- 

8-1 X 

2 

19 

I 

29 
48-62 

X 

8 

4 

s.p. 

18-21 

2 

21 

I 

7 

X 

»9 
18-27 

28 

X 

8 
I 

12-14 

4 

28-32 

n 

11-13 

2 

No. 


s.p. 
5 

X 

2 

2 
S.P. 

2 
2 
X 
X 
I 
2 


Places 


Days  No. 


Thomas,  St.  to 

Faysd,  Stm 

La  Guayra,  Stxn. . . . 

Jacmel,  Stin 

Sta.  Martha 

Southampton,  Stin. 
Tobago  to 

Demerara,  Stm. 
Trinidad  (Atl.)  to 

Bombay 
Bourbon 
Ceylon . . . 
Ganjam . . 
Johanna 
Trinidad  (Cuba)  to 

Barbados ... 
La  Guayra 
Port  Royal 
Portsmouth 
Trincomalee  to  Anjer 

Bombay 

Cochin  

Madras  

Mauritius  ... 

Muscat  

Penang  

Port  Jackson 
Simon's  B.... 

Swan  R 

Tunis  to  Gibraltar 

Malte 

Tripoli    

Valparaiso  to  Callao  ... 

Arica    

Conception  ... 
Copiapo,  Stm. 
Coquimbo  . . . 
Diego  Ram.... 

Easter  I 

Maldonado  ... 
Marquesas  ... 

Otaheite  

Rio  Janeiro... 

Vavao  to  Apia  

Norfolk  I 

Nukulau    ... 

Sydney  

Vera  Cruz  to  Havana. . . 

Do.  Stm 

New  Orleans,  Stm. 

Port  Royal  

Tampico  

Do 

Verds,  C.  Is.  to 

Pemambuco 
Sierra  Leone 
Whampoa  to  London 
Wosung  to  London... 

Zante  to  Malta 

2Uinzibar  to  Bombay... 
Manritius 
Mombas.. 
Muscat ... 


12-15 

4 

2 

3 
X9-23 


71 
40 

62-73 

54 
39-48 

5-6 

3-5 

9 

>9-37 

J7 
16-42 

8-15 

2-7 

26 

»5 
12-17 

6x.8o 

42-52 

36 
18-19 

2-6 

8 

8-20 

6-x6 

5-8 
3 

»-4 
18 

19 

35 
3«-35 

37 
32-46 

4 

9 

5 
20 

8-23 

5-6 

4 
22-33 

X-X4 

I 

H 
5 

98 
108 

6-8 

50 
35 

5 

X4-20 


s.p. 


I 

X 

2 
X 

3 

2 
2 
I 

2 

X 

5 

4 
22 

X 

I 
2 
2 

7 
I 

2 

5 

X 

21 

9 
7 

6 
I 

X 

I 
3 

X 

xo 

X 
X 
X 
X 

3* 

4 

3 

*5 
s.p. 

s.p. 
s.p. 

2 
X 

3 

X 

I 

X 

2 


AbBco    (12S)4 

Abd'lKoory..(5Cl)4 

Aberdeen  (61  3 

Abcryatiiyth...  (3)  1 
AbnilhoB  ...  (139)  1 
Aosimloo....  (117)  4 
Achen...  (63)  3,  iir. 

.^ddaide m)  i 

Aden  (53)1 

Adenura (97)  1 

Ago.d.   (59)  1 

Ak.™ (107)  2 

Aky.b (60)* 

Albemarle...  (H2)  2 

Aldemef (18)4 

AmboynB(89)  I.irr. 

AiMOy    mi  2 

AmitunUm...  (11)  2 
—  I.,l.  Oc..  (58)2 


Audni 


kN.  1 


—  Feqaeaha..(lG)  1 
Ann  C.,  Ai.  (124)  1 

—  St.  I.,  Seych 

Annopolii.  U.  S.  .  c. 

—  Not  Scot 

Arilico.ti.  W.  Pt.  ... 
AntOLgU  B.  .  (48)  2 
Am..nio  C,  CnU ... 

—  Purt  ....  (140)  3 

Antwerp (11)1 

AorPufo {66)4 

Arbroath (6)3 

ApBlsehicob  (133)1 
AKMhon   ...  (20)  4 

.\rcai (133)3 

Ardungel  ...  1 17)  1 

Ardgl«» (10)1 

ArdiouoD  ....  (4)2 

A-i™  ("5)2 

A"™ («2>2 

Ar'liur    (9614 

Arundel (1)3 

Aiiernsion  ...  (4S)  1 
Auckland...  (108)4 
Augustine  B.  (4B)  3 

—  U.  S (126)2 

Awatcha  ...(114)2 
Ayr  (4)  1 

R~bdmiiideb(S2)i 

Bnhii  '.'.....'.  '(138)4 

BalBde  (163)2 

Buluore  ....  (60)3 
U>il1iriggan...(l0)2 

Balljr  (86)4 

BnlU (6)4 

lUltimoni  ...  (10)4 

DwBoai (43)  2 

Biincoot (59)  1 

BsDda (8S)3 

e-mff. (61  2 

Buiki   (107)  t 


„. 

4  V> 

S 

1   i* 

.9-4 

i*f 

i 

!«:  • 

'  °i  5 

V'}\ 

9  4S;   9- 

l  i  .7% 

ojll     7 

iS 

lO      o 

9 

lo  4f 

li  r' 

±  ,o 

M  59 

V 

4  41 

M 

1  lo 

4     o 

\ 

1040 

,J„ 

4  *S 

'4 

I  40 

,1, 

4   V, 

■1-7 

'1 

lO    -JO 

'9 

"    I^ 

5 

7  S» 

*f 

i\°, 

4  It^ 

>3 

1    '(0 

9-S 

.*  30 

3  10 

S 

9  4? 

10  4C 

i»  i< 

9  4' 

t-l 

i'] 

I'l 

3  41 

TIDE-HOUKS 


But*m (84)2 

BuitryB. (913 

Bubu> (143)  1 

BirtM (66)4 

Barflenr (18)  4 

Bunatable..(124)  2 
(48)* 


Tlmt  aiivt 


ul>.  . 


(19)3 

Buleea  {b9)  4 

Batuei (77)3 

BsCchian (90)  2 

Bate    (58)3 

Bathnrit (42)4 

Bajof  la....  (109)  1 
BayanDe  ...  (20)  4 
BeKhyHd.  ...(113 
Beaumiiria  ...(3)2 
Berafoct  ...  (126)  1 

BelfaM   (10)  1 

Bell  Soand...  (17)  3 
Belie  Isle...  (119)4 
Bembatook*  .  (48t  4 
Bembridge  ...  (1)  4 
Bencoolen ....  (641  2 

Benin  («4)  2 

Berhice....  (137)2 

Beiten    (16)  1 

BeifenopZ.(ll)l[|>'] 


Be  rwic^  onlVeed  (7)  1 


Biaiaa (43)  1 

Blanco  C.  ....  (42)2 
Blenfieldi...  (135)  I 

Blyth (3)1 

Bodega (149)2 

(12)  ~ 


(SSI  4 

(131)2 


11)2 

(20)4 

Boston,  U.S  (1211  2 

Botany  B (99)  1 

Bow  1 (153)4 

Bojanna  B. ..  (4H1  4 

Btava  (50)4 

Bray  Hd (8)4 

Brehall (19)3 

Brest tl9)4 

Bridgenater  ...  (213 

Brielle (U)  1 

Brighton (1)3 

Brialol  (2)4 

Britiih  Sd,  ...  (49)  1 
Bruny...(96)4  [3f.] 
BuenDsAyreg(110)2 

Balamal (43)  1 

Bnncrana  ...  (9)  3  m. 

Buihire (51)  2 

BoHoia  ..  (54)  2,  bai 
Button  la....  (I  IB)  2 

Cadli....  (22)2  [2^] 
CaematTon ....  (3)  3 

C^jeli  (BB)4 

C*]«uila (eu)3 


n. 

i  47 

.,■5 

■r 

IS' 

17-9 

4  45 

5  '5 

II    JO 

»7 

'7 

f 

9   10 

,   16 

'4 
6 

1   'i 
.05. 

'?t? 

9^ 

II    JO 

4  !o 
It  40 

h 

4   tj 

4  30 

7 

,\r, 

,Hi 

19? 
'6* 

•  i. 

II   io 

7 

11  40 

11.6 

S     0 

9 

6   So| 

14-11 

ti> 

7  0r4 

1 40 
4  30 

4   JO 
■0  4i 

J 

V 

1 

6   50 
3     0 

c 
c 
c 
c 

7  'S 

4     0 
■J? 

40 

91 
9 

c 
c 

4  30 
7   J4 

c 

c 

■1   ■'0 

c 

650 

c 

9  3; 

■V' 

f 

Calebar,  New  (14) 

Callao  (1461  1 

Caoierooni  R.  (44)  2 

Camiguin (77)  1 

CampbeUI.  (1521  2 

CampbettOD  ...(1)2 

'    "i    (123)2 

....  (87)  3 

:..(122)2 

CantioC (42)2 

Canton (71)3 

Caprieom  C. ..  (98)r 
Caigsdoi  Gar.  (5i)  < 

Cardiff (2)1 

"    "ingford...  (10)  1 

HSt....(I42)2 

CanJckfarsn*  (101  1 

Cartetct (166)1 

CaitlerEaghC.(143)2 
Catherine  St.  (139)  4 
Catoche,  C   (133)3 

CaycDiie (137)3 

Cayeni. (19)2 

CenU (39): 

Chaguamnna  (137) 
ChampioD  B.  (92)  ■ 
CbarleaC...  (125)3 
Charleston..  (126)  1 

Chatham (1)1 

..(121    I 

Chansaey (19)2 

Cheduba (611  I 

Chepstow (2)4 

Cherbontg  ...  (18}  4 

Chester 'S>  3 

Chicbeata- 

Chignecto  ...  (l 
Chimmo  B. ...  ( 
Chin-chew .,..( 
Chin-Uae....  (' 
ChitUgong ...  (< 

Chosan (1 

Christmai  ....  (: 

Cbunn  ( 

CimUarUd.  (' 
Claia,  Sta....  (1 

Coast,  C ( 

Cobija (!■ 

Cochin  {: 

Cock  burn  ....  (. 

Code fi; 

Colorado....  (1 
Columbia  R.  (1 

Comoro (1 

Condors (I 

Copiap^ (1' 

Coquet. 

Coqnimbo...  (1' 

Coiwran (! 

Coringa  (1 

Corisco ( 

Coit ( 

ConiTina (' 

Coopang  (I 

Coy  Inlet...  (1' 


45    '* 


4  IS:    >l 

14 
11  I 

71 

4 

51 

■i-l 

ill 

S     " 

'7^ 

TABLE  13 
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TIDE-HOURS 


Range 


Ptec* 


Cromer (7)  3 

Crooked  I.  .  (127)  3 
CrookhaTen  ...  (8)  3 

Curiense (57)  I 

Curtis,  Port,  Anstr. . 

Ctttch,  6 (58^  3 

CuhaTen  ....  (11)  4 

Dilrymple....(97)2 
Danuiua  Car.  (58)  4 
DajnpierStrait(91)2 

Dartmoath (2)  1 

Danilcyl....(l02)2 
D»nrin,Port(l04)2 
Dauphin,  Fort  (49)  3 

Delagoa. (47)  2 

Delawire  R.C.  Heii.«. 
Dedgado,  Azores .... 

-C (48)2 

My,  R (66)4 

Demerara...  (137)  2 

Denre. (140)  4 

Defonport  ....  (2)  1 
Diamond  I.  .  (61)  2 
Diego  Gar...  (57)4 

-Ram (143)2 

-StC (143) 

Dieppe (18)2 

Discovery...  (149)  3 
Disk)catkm.(143)  3 

Din  1 (58)  3 

Di7y (60)  2 

Douglas (3)4 

DoTer (1)2 

Diagon'sMo.(136)  4 
Dublin  Podb.  (10)  2 

Dunbar (6)  4 

Duaransby  ....(4)  4 

Dundee <6)  4 

Dunkirk (10)4 

Donmore  .(10)  3,  m. 

Domford (50)  3 

Darien,St»it(62;3 

Easter  I.  ...  (153)  1 
Edgar,  Port  (142)  2 
eggHarb.(l25)2c. 

Elbe (11)  3 

Elena (140)3 

Embden (11)3 

Eodeavonr  R.  (99)  4 
English  Rd...  (47)  2 
EssingtonPt.  (103)  4 
Evangeluia.  (143)  3 

Exmoi4th (1)  4 

ExaDia(127)  l,beac. 

Fairwcatli.C.(112)3 

Palmouth (2)  1 

Famine (142)  4 

Fayal (40)  4 

Fear.C (126)  1 

Femando,Nor.(45)  1 

Ferrol (21)  2 

Finisterre  ....  (21)  3 
Flamenoo....  (145)  1 


Time 


h    m 

7    o 
7 

4  9 

5  JO 

^ 
iitoi 

o  44{ 

12 
I    30 


Range 


6 

9 
5 

4 


16 

30 

30 
30 

4  40 
8 

12  3c 

4 
4 
4 


o 
0 

30 


12  45 

5  43 

10  30 


I 

4 

4 
II 

2 

I 

2 


30 

o 
30 


627 


3c 

4c 

o 


II    12 
II    12 

3    o 

10  30 


2 
10 

2 
12 

5 


o 

o 

3' 
8 


*7 

4  45 
irr. 

2  o 

7  15 

7  10 
12    o 

4  o 
12    o 

8  o 

7  30 

3  »4 

1  o 

6  29 

7  20 

9  o 

5  30 
o    7 

II  30 
7     o 

4  o 

2  29 

3  o 
9  10 


ft. 

15-7 

10-6 

7 
10-6 

>5 


Place 


10 

17 
II 

14-6 

10 

24-17 

7 
«3 
4-3 
7 
16 

8 

9 
21 

15-7 

8 

6 
10 

7 

4 
6 

5 

2I-» 

20 

4 
13-7 

9 

i5-« 
17-10 

i»-7 

12 

10 


6 

4 

12 

17 


5 
13 

5 

14-8 

^k 

28 
18 

9 

4l 

7 
6-5 


Fleetwood (3)  3 

Flnshing (11)1 

Folkstone (1)2 

Forelandi  N....  (1)  1 

Fowey (2)  1 

Francisco,  St.  (149)) 

ici"] ..5 

Funchal (40)  1 

Fundy  B 

Gaboon,  R. ..  (44)  3 
Gallant,  Port  (142)  4 
Gallegos,  R.  (142)  3 
Galveston...  (132)  3 

Galway (9)1 

Gambia,  Baihmrtt 
Gambler  Is. ..  (94)  3 
Gasp^  B.  ...  (121)  2 

Gay  Hd (124)  3 

Geby  I (89)  4 

George,St.sh.(124)2 
George  town  (126)  1 

Gheriah  (59)  1 

Gibraltar (22)  2 

Glasgow  (4)  2 

Glonoe8ter...(143)  2 

Goft (59)  1 

Good  Hope,  C.  (46)3 
Good  Success  (143)1 

Goree (42)4 

Gradas,  C. .  (134)  3 
Grand,  Port .  (58)  1 

Granville (19)  2 

Greenock (4)2 

Goasco n^^)  ^ 

Guatuloo  ...  (147)  4 
Gaaymes....  (148)  2 

Guernsey (19)  1 

Gun  Cay....  (127)  1 
Guyaqml  ...  (146)  4 

Haarlem (11)  2 

Hagne (11)  1 

Hakluyts  Hd.  (17)  2 

HaUfaz (122)  3 

Hamburgh...  (11)4 
Hammerfest .  (16)  3 
Hardy,  Port  (107)  4 
Hartlepool  ....  (7)  2 

Hanvich   (8)  1 

Hasting8,St.M.(61)4 
Hatteras^C.  (125)  | 

„     ^OT  ..i 

HaTana (128)2 

Havre (18)3 

Haytien,  C.  (129)  1 
Heligoland ...  (H)  3 
Helena,  St.  B.  (46)  2 

—  I (45)1 

Henlopen,  C.  (125) ) 

3,  c f 

Henry,  C...  (125)  4 
Herradura...  (144)  4 
Hillsb0To'Inl.(126)3 
Hobarton  ....  (96)  4 
HokUnga ...  (109)  2 


Time 


Range 


h  u 
II    12 

1  O 
II  It 
II     15 

5  30! 
II 

12  15 


6 

9 

8  50 

4  35 


I 
z 

7  37 


50 
50 


10  30 

7  o 

2  20 
I  251 

1  30 

11  45 

2  44 

4    3 

748 
lo  30 

6  13 

12  8 

8  30 
I  30 
8  30 

6  30 

71 

7  o 


9 

7 

I 

7 

5 
I 

8 

3 

o 


o 

45 
30 

39 

o 

10 
o 

28 

6 


10  40 
9    o 

9  5> 

6  o 

"  33 

2  30 

3  " 

8  o 

7  40 

9  8 

7  30 

8  o 

9  30 


ru 

*7-i5 

14- 

17 
16 

8-2 

io 

8 

5 

48 

4 
15-7 

3 
5 
7 
5- 

7 

4 
6 


S 

s 

9 

4 

2 

il 

37-17 
10-6 

5 

5 
6- 

35 

3 
II- 


Plaee 


Time 


h    m 


21 

4 
6-4 

9 
12 

15-8 

1 1-7 
13- 

-5 

3 
22-12 

3 
9-5 

3 

4-3 

4 
5 
5 

4 
9 


2  30 

10   IX 


Holmes  Hole  (124)  \  I        . 

3,c .}!"  48 

Holy  I (7)  1 

Holyhead (3)2 

Honduras  Bay(134)l 

Honfleur (18)  3 

Hong  Ko.  (71)4,  [Ih] 

Houtman'sAb.(92)3 
Honoruru...  (170)  4 
Horn,  C.  ...  (643)  1 

Howe,  C (935  1 

Huacho (146) 

HuU (7)2 

Hunter,  Port  (98)  1 


Ilfracombe  .....(2)  3 

Indus (58)3 

Inhambane ...  (47)  2 

Inverness (6)  2 

Iqviqne (145)  2 

Isby (145)3 

Ives,  St (2)3 


2-1 


Jacinto (78)  2 

JaskB (54)4 

JericolU^oar^  (138)  2 

Jersey (19)  1 

Jervis (97)  4 

Jiddah (52)  3 

Johanna (49)  4 

John's  St  Newfoun. 

—  New  Brunswick  . 
Joseph,  St .  (140)  3 
Juan,  St.  P.  Rico  ... 

—  Peru (145)3 

—  de  Nova...  (49)  3 
Julian (141)4 

KarakakoaB.(]70)3 

Katwyk  (11)2 

Kedgeree (60)  3 

Keeling (58)2 

Kelung (74)  3 

KUduin  (16)  4 

Kilrush (9)  1 

Killibeg (9)3 

King  G's.  Sd.  (93)  2 

King's  I (95)  3 

Kingston  ....  (10)  2 

Kinsale (10)4 

KishLt (10)2 

Kishm  I (54)  4 

Kracatoa (64)  4 

Kuria  Muria  (53)  2 
Kykduin  (11)  2  [1«»] 

Lagos,  Afr....  (44)  2 

—  Portug. ...  (22)  1 
Lambeyeque  (146)  2 

Lamo (50)  3 

Latham (50)  1 

Leith (6)  4 

Lerwick (5)  4 

LeubuR....  (144)2 
Limerick..  (9)  1,  m. 

"■■  zzni 


15 
16-9 

1 
9  3o'ft3-ii 

9* 

II  30 

irr. 

4  40 

9    o 

4  44 
6  29 

10  45 


5  4» 
irr. 

4  15 
12  18 

8  45 


53 


8 

4 

6  30 

6    o 

J I  30 

6  21 

6  45 
irr. 

3  30 

7  30 
II  23 

5    o 

8  20 

5  »o 

10  45 


2 
2 

9 
6 

3 
22-13 

6 


3 

2 


49 
30 


II  30 

4    o 

10  30 

7    o 


4 
6 


4* 
45 

XX  56 
irr. 

II   10 

4  43 

10  30 

11  o 

7  o 

8  20 

7    o 


27.15 

12-4 

10 

12-7 

5 

7 
21-10 

6 
6 
12 
32-14 
6 
2 
8 

7 
23-17 

8 

i| 

3 

5 

30 


5 

3 
12 

16 

3 
12 

11-6 

11-7 

JO 

12 


4 

2 

4 
4 
4 


o 

7 
o 


Lindy 
Lintin 


2 

'7 

9  45' 

10 

30 

7 

53 

4 

30 

12 

1 

4 
6 

12 

6 

13 

3 
11 

10 

16-7 

8 

5 

»7 
12 

8 


TIDE-HOURS 


Liibon (22) 

Liicombe  ...  (122)  2 

LWcrpool (3)3 

Loando (45)3 

Lobilo (45)  3 

Loheia... 
Loire,  R,, 

Lomas <Ua)  3 

Lombock  ....  (S5)  '' 

LondoQ  Dock* 

Loo  Choo,  If^Mlt. 

Lopei,  C hi) 

L'OrieDt (20)1 

Los  Is.  de  ...  (43)  2 
Louis,  Port,  Muir.  ■ 

-  Falk (142)  2 

jjw.Port (144) 

Lowestofil (7)  4 

Lucu (148)3 

Lundyl (2)3 

Macao (71)3 

...  f52)  3 
..  (123)  2 
Mncquarrie...  196)  2 

Madame (49)  2 

Madeira (40)  1 

Madras . 

Magalhat 

MaWi '..'(57)1 

Mnhon...  (125)  3.  C. 
Magnetic  I.    (147)2 

Majlmbo (48)  4 

MBgda1eoaB.(M8)  3 
Magdalen  Is.(121) 
Makumba  ...  (48) 

"  •    ca (62)2 

„a  (22)  3 

Maldives (55)4 

Malo,  St (19)  2 

MalpeloPt.   (146)3 

"    lila (76)3 

I -of -War  Csyl 
(127)  1  ) 
Msnakan  ...  (109)2 
Maraii1miii...(13S)  1 
Marh)ehead  (124)  1 
Marcouf  St. ..  f  18)  i 


i  45 

I  S9.I9-M 


9  57  7-4 
9  i°i  9 
5  'S»7->3 


8  $6    4S 

3  45 


Mai 


Martaban  ....  (61)2 
,B  (143)  1 
MarlliiVas...  (45)  1 
Mary  St.  C,  NoT.l 

Soot ) 

Matheson  Harboar) 
(H9)S) 
Massoirah....  (51)2 
May,C,...(125}Z.f, 

...(49)3 

..  (14«J  1 

Mazeira  (5'1)  2 

Mdcboir (71)  2 

Melinila  (50)2 

Mcrgni  (Gl)  3 


Meijee (59)  2 

MiaUn (110)3 

Michad,  St-Az 

Miche] (19)2 

MilFord  Hav. ..  (3)  1 
Mindanao,  S.pt.  (80)1 

Mlagan (121)  1 

MinR (72)  3 

Minowl (49)  1 

MiraporTOB(127)3 
Missiinppi..  (132)  3 

Mobile (132)2 

Mocha (52)4 

Mogador (42)2 

Molucca  Is.  (SB)  (89) 
Mombaia  ....  (50)  2 
Monganoi ...  n09)  1 
Monomy....  (124)  3 
MoDtern  ...  (149)  I 
Monte  Video  (140)  1 

Montrose (6)  3 

Moats,  de...  (121)  1 

Morebat (53)2 

Moreno (I4S)  1 

Morlaii. (19)3 

MosaelB (46)4 

Mt.  Desert  ..(123)  3 
Mourandova ..  (48)  3 
Monmbique..  (47)  4 
Mngeres  ....  (133)4 
Mu«a (77)2 


OleroD (20)3 

'      rto (213 

,geB....(143)I 

OBlend (lU)  4 

Otago  (107)2 

Otabedte  ....  (155)4    i 
Otwaj,  Port  (143)  4 


4  45 

4   IS 

9  3° 


Nagore 
Nanco? 
Nangast 


....  (60J  I 
....  (63)  2 
(HI)         . 

,.-.  m  1 

Nantucket  Shl.(?>^^.  3  it 
Napakeang ..  (ir^ 

NareendaB. ..{.';*' 

Nassan (1. 

Natal   (,- 

Negapatam  ...  ( ' ' , '" 
Negro  &...'■ 


Neli 


..  (1-- 


wBedfd.(12." 
:wbnr7,Port(r- 

1  [2'-] ....:.   , 

N«.  Calebor..(44)  2 

Newhavea (1)3 

..(125)1,. 
New  Lond.  (125)1,. 
Newport  ....  (124)' 
"-wProTid.  (12;)  2 

wYork,  City  .. 
Nicholson ...  (108) 

"'        I  (1*J)2 

.  uls....  (71) 
NoirmuDBtier  (20)  2 

NoreLt (1)  : 

Norfolk!.  ...(156)' 
NossBey  ....  (48)3 
"'  .evoG.{U0)3[3f.] 

Ocracocke..  (125)  4 
01dPt.Conif.(125)4 
-  Providenee(134)4 


.   (213 


Padstow.... 
Palmas  C. . 

uPt...(60)l 
Fansima (147)1 

so (145)  1 

M* 

Dtr. 

maqnod.  (123)2  i 
PasnndaTB...  (48)4 

Patta (50)3 

Payta (146)3 

Pearl  Cays  ..(135)1 

PeiboB (110)1 

Pelewla.  ...  (175)  1 

Pcmba (50)  2 

Pembroke (3)  1 

Penang  (62)2 

Petiag,  C.  ...  (143)1 

P^ni^te  m    4 

Peumarc'li  .-.  (19)4 
Pensacola  ...  (132)  2 
Pentland  Skar.  (5)  1 
Femanjbaco  (138)  3 
Peros  Banhoi  (57)  2 
Pescadora  ...  (74)  1   i 

Peterhead (6)3 

Philadelph.  (125)  3,  c. 

Philip (95)2 

PicbidanqoB   (144)  < 

Pillar  C (96)  i 

Pisco (145)1 

..  (120)  2 
Plettenburg ..  (46)  ( 

Plymouth,  U.S 

Pomba (48)  1 

Poole (1)4 

Pori]and,U.S.(123)4  i 
Porto  Rico  ..  (130)  2 
Port  Royal. .(129)2 
"--- ■-    ..(1)3   I 


-U.S 


..(123    4 


fottOff.  fi.  (169)2 
Pouinipet  ...  (173)3 

Pniya  (4l)  4 

PugetSd.  ...  (149)2 
"  '■!atSUs...(60)2 

Quaiil (49)2    . 

Qnebec (121)  2 

Quentin  SL    (14' 

Qiulea (145^3 

QuilUmane...  (47)3 
Qiuloa (50)  1 

Rachado  C ..  (( 


Ragged 
—  ft;.B 


TABLE   13 


599 


TIDE-HOURS 


Place 


Rajsihpoor ....  ^59)  1 

Rangoo*^ (61J  2 

Ras  el  fOiyma  (53)  4 

Realejo (147)3 

Rendezvous  I.  (82)  1 
Resolution  B.Marq.  \ 
(156)  2/ 
Rio  Janeiro  (139)2 
Rochefort  ....  (20)  3 

Rochelle (20)3 

Rodriguex  ...  (57)  4 
Roque.C  St.  (138)3 
Rtitierdam(ll)l[J"] 

Rovall (134)2 

Ru^h,    Port   (9)  4\ 
[2'»],  [lOf.].../ 


I 


SihlcC.    ...  (122)4 

-  U  N.  aide  (122)  1 

—  Dittos,  side  

Saintes  (131)  3 

Salcombe  (2)  1 

SAidanha (40)  2 

Salem    (124)  1 

San  Bias  ...  (149)  2 
Sandalwood  B.(l  61)1 
San  Carlos,  Falk.  ... 
Sandy  Hk.,c.  (125)1 
Sangiiir  I.  ...  (90)  3 
San  Josef ...  (140)  3 
Sta.  Cniz....  (141)  1 
Su.  Maria  Is.  (144) 
SaperuahB.     (89)2 

^augorl (60)3 

Savannah(126)2,[l«»] 

Santandcr  ...  (21)  1 
Scarborough...  (7)  2 
Searbet'l.  ...  (58)  1 
SealkarB.  (141)  1 
Sebast  St....  (139)  2 
Second  Bar...  (71)3 

S^^inl (19)4 

SelseaHarb....(l)  3 

Senegal   (42)4 

Serrana (134)  4 

SerraniUa ...  (134)  3 
Shclbunie...  (122)  3 


Time 


h    m 
IX      O 

5  30 

II      o 

3     6 
2  30 


2 

3 

3 
I 

3 
7 


o 
48 
39 
35 

45 
45 


5  50 

8    o 

10  30 

8  30 

6  45 


5 

2 

II 


50 
o 

>5 

9  45 
6     o 

o 

29 


7 
7 


10     c 
9  3c 

10    20 


7  15 

3  30 

4  " 

1  30 

12  45 

2  o 
irr. 

3  21 
II  451 
10  30 

irr. 

8  30 


Kange 


n. 

12 

20-14 

7 
II- 

8 

4 

6 
20 

6 
10-6 

3i 
7-4 

9 

7 
7 

19-11 
6 
II 

7- 

8 

6-4 
6 

30-20 

40-18 

6 

6 

12 

16.8 
10 
20 

4 

7 
17-7 

14-5 

2 
2 

8 


PIao« 


Sheemess (1)  1 

Sherbro' (43)3 

Shields (7n 

Sierra  Leone  •  (^3^  2 
Simons  B.  ...  (46)  3 
Singapore   ...  (62)  3 

Sisal (133)  2 

Sitka (150)  1 

Sofala (47)  3 

Spain,  Port. (137)  1 

Spurn  Pt (7)  3 

Staten  I.   ...  (143)  1 

Stephens  Port,  Falk.) 

(142)2) 

—  Austr (98)  1 

Stirrup  Cay  (127)  2 
Stonehaven  ...  (6)  3 

Stockton  (7)  2 

Stomoway (5)  I 

Suez  (52^  1 

Sunderland  ...  (7)  2 

Supe (146)1 

Surat  (58)  4 

Surinam    ...  (137)  3 

Swan  R (92)4 

Swansea  (2)  4 

Sydney    (98)  1 

—  Bret.  I.  .  (122)  1 

Table  B....*..  (46)  2 
Tae-Chow  Is.  (72)  4 
Talcuhuano    (144)  3 

Tamar   (142)  4 

Tamareed  ...  (51)  1 
Tamatave  ...  (174)  2 
Tang-tang  ...  (49)  2 
Tanna   (163)  3,  [2''] 

Tarbert (9)  1 

Tarifa (22)  2 

Tavoy (61)  3 

Teignmouth ...  (1)4 

Tenerife  (40)  3 

Texel  (11)  2 

TienPak (71)3 

Thomas  St.  I.  (44)  4 
ThreePt8.C.(143)4 
Timoan  (66)4 


Time 

Range 

h    m 

ft. 

0    37 

1 6-1 1 

6    0 

II 

3  »3 

«3-7 

7  50 

II 

»  44 

5 

9    0 

9 

2 

0  34 

4    0 

21- 

3    0 

4 

5  20 

23-14 

4  30 

8 

7  45 

7 

9  15 

8 

7    0 

4 

1   17 

14- 8 

4  30 

n 

6  46 

i5fii 

0  30 

6 

3  »a 

14-8 

4  50 

3 

4    0 

30 

9    0 

6 

8  5c 

2 

5  36 

30-15 

7  36 

6 

9    0 

6 

2  30 

5 

10    0 

«5 

10  14 

5 

3     5 

5 

7  20 

8 

4  18 

8 

4  30 

6 

5  35 

3 

4  57 

15-7 

II 15.' 

8 

10     0 

17 

6     0 

n-7 

I  30 

7 

6  45 

6 

12     0 

8 

3  as 

4 

3    ol     5    1 

6    0 

M 

Place 


"Hng-Hae,  Chusan  . 

Tobago (137)  1 

Tongatabou   (159)  3 

Torbay  (1)  4 

Torres  Strt.  (102)  2 
Triangles  ...  (1^3)  3 
Trincomalee  ..  (60)  1 
Tristan  d'Ac.  (45)  2 
Tynemouth  ...  (7)  1 

Union  B....  (140)2 
Upstart  C.  ...  (99)  2 
Ushant  (19)  4 

Valdivia    ...  (144)  2 

Yalentia    (8)  4 

Valparaiso...  (144)  3 
Vera  Cm*  ...(133)  I 

VerdC (42)4 

Veraarah (58)  4 

Vincent,  Port  (163)  2 

Vingorla (59)  1 

Virgin's  C...  (142)3 

Wahaav (88)  4 

Walwich (45)4 

Wangaroa.  .  (109)  1 
Waterford  ...  (10)  3 
Welseley  Is.  (103)  1 
Western,  Port  (75)  2 

Westport (9)  2 

Wexford (10)3 

Weymouth    ...  (I)  4 

Whitby (7)2 

Whitehaven  ...  (3)  4 

Wicklow (10)  2 

Wilson's  Pro.  (95)  3 
Woosung  (74)  1 ,  irr. 

Yang-tze-keang(74)l 

Yarmouth (7)4 

Yellaboi (43)2 

Ylo    (145)3 

York (119)  1 

Youghal (10)  3 

Zanzibar (50)  2 


Time 


h     m 
II      O 

irr. 
6  50 
6    o 


8  18 

2  50 

3  10 

9  o 
3  3a 

10  35 

3  41 

9  3* 
irr. 

7  45 


12 
8 


15 

10 


10  30 
8  50 


6 
I 
8 
6 
8 
I 

4 
6 

6 

3 
II 

10 

2 

I 


o 

54 

>5 
6 

o 

10 

57 

30 

30 

45 

»4 

30 
c 

30 


Range 


9  10 

7  10 

8  20 
II  15 

5   H 
4  20 


ft. 
12-6 

3i 

4 
20 

6 

>4 

2 

8 

'3 

• 

12-6 

6 
19-8 

5 
xi-5 

5 

3 

3 
16 

5 
6 

38 

3 
6 

7 
»3-S 

12 

8 
13-6 

5-3 

7 

>3 
13-13 

9-5 
10 

16 
15-  ic 

7-2 

10 

6 

14-10 

13-7 

iz-8 

10 


i 


TABLE  14 


EPACTS                                                                        1 

Tears 

Months                      1 

Year 

Epact 

Year 

Epact 

Year 

Epact 

Year 

Epact 

Month 

Epact 

Month 

Epact 

1857 

1858 

1859 

1860L 

1861 

1862 

d       li 
4  12 

»5     3 

25  17 

7  21 

18    12 

»9     3 

1863 

1864L 

1865 

1866 

1867 

18C8L 

d      h 

10  6 
21  21 

2  23 
13  15 
24     6 

6     8 

1869 

1870 

1871 

1872L 

1873 

1874 

d       h 

16  23 

*7  15 

8  17 

20     5 

I    12 
12     I 

1875 

1876L 

1877 

1878 

1879 

1880L 

d       h 

22  18 

4  13 
IS   12 

26     3 
7     5 

18    20 

Jan. 

Feb. 

March 

April 

May 

June 

d       h 

0  0 

1  II 
29  11 

X   10 
I  21 

3     8 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

d       b 

3  20 

5  7 

6  18 

7  5 

8  17 

9  4 

600 


TABLE  15 


8EM1MENSTRUAL  INEQUALITY 

OF  THB  TIMS  OF  HIOH  WATBK, 

For  London,  liTerpool,  Pembroke,  Ramagate,  Sheemeis,  Poitsmont]i,  Flymonth,  and  Breit. 

Moon*8 
Tnuuift 

Sent. 
Ineq. 

Moon*a 
Transit 

Sem. 
Ineq. 

Moon's 
Transit 

Sem. 
Ineq. 

Moon's 
Transit 

Sem. 
Ineq. 

Moon*8 
Transit 

Sem. 
Ineq. 

Oh  o- 

10 
20 
30 
40 
•      50 
1    0 

sub, 
©h  o» 

O      2 

:  t 

o    8 

O    II 

o  13 

2»'30- 
40 
50 

3    0 
10 
20 
30 

sub, 

0  38 
0  41 

043 
045 

0  47 
0  49 

5ii  O- 
10 
20 
30 
40 
50 

6    0 

sub, 
jh  3D1 

1     4 
«    5 

I     5 
1    5 

I     4 
>     3 

7^30- 
40 
50 

8    0 
10 
20 
30 

sub. 
o*»3o" 
0  25 
0  20 
0  15 
0  10 

0    5 

0    I 

add 

t  I 

0    9 
0  12 
0  14 
0  IS 
0  15 
0  16 

lOh  0" 
10 
20 
SO 
40 
50 

11    0 

add 

okx6* 
0  16 
0  15 
0  IS 
0  14 
0  12 
0  II 

10 
20 
30 
40 
50 
2    0 
10 
20 

o  15 
0  18 
0  20 
0  23 
0  25 
0  28 
0  30 
0  33 

40 
50 
4    0 
10 
20 
30 
40 
50 

0  51 

0  53 
0  55 

0  57 

0  59 

1  0 

X      I 

I    2 

10 
20 
30 
40 
50 
7    0 
10 
20 

I     I 

0  59 
0  56 
0  52 
0  48 

0  44 
0  39 

0  35 

40 
50 
9    0 
10 
20 
30 
40 
50 

10 
20 
30 
40 
50 
12    0 

0  10 
0    8 
0    6 
0    4 
0    2 
0    0 

TABLE  16 


APPROXIMATE  RISE  AND  FALL  OF  THE  TIDE 

At  any 

Time  finom  High  or  Low  Water. 

Range 
of  the 
Tide 

O^^ 

1»» 

2h 

8" 

4»» 

5^ 

6* 

Range 

of  the 

Tide 

M 

m 

B 

■i 

m 

n 

IB 

■1 

m 

■t 

n 

HI 

M 

■i 

■ 

Bi 

Bi 

Bi 

BB 

infect 

0 

20 

40 

0 

20 

40 

0 

20 

40 

o*o 

0 

o*o 

20 

40 

0 

20 

40 

0 

20 

40 

0 

in  feet 

0 

0 

0*0 

o*o 

o*o 

o*o 

0*0 

O'O 

O'O 

O'O 

0*0 

O'O 

O'O 

O'O 

O'O 

O'O 

O'O 

O'O 

.    0 

2 

0 

0*0 

O'l 

O'l 

0*2 

0-4 

0-5 

07 

08 

I'O 

1*2 

1*3 

1*5 

x'6 

x'8 

I  "9 

»'9 

2*0 

2'0 

2 

4 

0 

O'O 

O'X 

0-3 

0-5 

o'7 

I'O 

1-3 

1*7 

2'0 

2'3 

»*7 

3*0 

3*3 

3*5 

3 -7 

3*9 

f° 

4*0 

4 

6 

0 

O'O 

0*2 

0-4 

0-7 

I'l 

1*5 

2'0 

»*5 

3'o 

3*5 

4*0 

4*5 

f? 

5*3 

5*6 

5-8 

6-0 

6'o 

6 

8 

0 

O'l 

0*2 

0-5 

0-9 

1*3 

2'0 

2-6 

3*3 

4-0 

4*7 

5*4 

6'o 

6'6 

71 

7*5 

7-8 

7-9 

8-0 

8 

10 

0 

o*i 

o«3 

0-7 

I'l 

v% 

»-5 

3'3 

4*1 

50 

5*9 

6*7 

7*5 

8-2 

8.9 

93 

^'l 

9-9 

XO'O 

10 

12 

0 

O'l 

0-4 

0-8 

I -4 

2*1 

3-0 

3*9 

5-e 

6'o 

7-0 

8' I 

9-0 

9*9 

io'6 

11*2 

ix'6 

II'O 

X2'0 

12 

14 

0 

O'l 

0-4 

o'9 

x-6 

a"5 

3*5 

4*3 

5'f 

7'o 

8-2 

9*4 

lO's 

ii'S 

12 '4 

131 

I3'6 

13-9 

i4'o 

14 

16 

0 

O'X 

o*5 

1*1 

1-9 

2-9 

4-0 

5-6 

6-6 

8'o 

9*4 

io'7 

I2'0 

i3'i 

14- 1 

14*9 

15-5 

'5*9 

i6'o 

16 

18 

0 

O'l 

o*6 

1*2 

2' I 

3*1 

4*5 

5'9 

7*4 

90 

io'6 

11-7 

I2'l 

13-5 

14-8 

'5*9 

i6'8 

»7-5 

I7'0 

18*0 

18 

20 

0 

0*2 

0-6 

13 

**J 

3.6 

5-0 

6-6 

8*3 

lO'O 

'3*4 

15*0 

i6'4 

17-7 

i8*7 

X9'4 

19-8 

20*0 

20 

22 

0 

0'2 

0-7 

1-5 

2-6 

3*9 

5*5 

7'Z 

9-1 

II'O 

12*9 

14-8 

i6'5 

i8'i 

19-4 

20'5 

21*3 

21'8 

22'0 

22 

24 

0 

0*2 

0-7 

1-6 

2-8 

*'J 

6-0 

7-9 

9*9 

12-0 

14"  I 

i6'i 

x8'o 

i9'7 

21*2 

22*4 

*3*3 

23-8 

24-0 

24 

26 

0 

0*2 

0-8 

1-7 

3-0 

4-6 

6-5 

8-6 

10*7 

13*0 

15*3 

17*4 

19-5 

21'4 

23*0 

H-3 

25*2 

25'8 

a6'0 

26 

28 

0 

©•2 

08 

1-9 

3-3 

5-0 

7-0 

9-2 

ix'6 

X4'o 

16-4 

i8'8 

21'0 

23*0 

24-7 

26' 1 

27-2 

27-8 

28*0 

28 

30 

0 

0*2 

0-9 

2*0 

3-5 

5*4 

7*5 

9*9 

12-4 

iS'o 

17-6 

20*1 

22'5 

24*6 

26' 5 

28-0 

29'! 

29*8 

30'o 

30 

32 

0 

0'2 

I'O 

2"1 

3-7 

5-7 

8-0 

10*5 

13*2 

i6'o 

18*8 

21'5 

24*0 

26'3 

28*3 

29'9 

31*0 

31-8 

32*0 

32 

34 

0 

0-3 

X'O 

2-3 

4-0 

6-1 

8-5 

11*2 

14*0 

17*0 

20'0 

22' 8 

»5*5 

27'9 

30*0 

3»*7 

33'o 

33*7 

34'o 

34 

36 

0 

o*3 

VI 

2-4 

4* 

6-4 

9-0 

II-8 

14-9 

i8'o 

21*1 

24'2 

27'0 

29'6 

31-8 

33'6 

34*9 

35*7 

36*0 

36 

38 

0 

0-3 

I*I 

a-5 

4-4 
4*7 

6*8 

9*5 

12-5 

15*7 

19*0 

22*3 

15*5 

28'5 

31'2 

33*6 

35*5 

369 

38*8 

37*7 

38 'O 

38 

40 

0 

0-3 

1*2 

a-7 

7-1 

lO'O 

13-2 

165 

20*0 

*3*5 

26-8 

30'o 

32-9 

35*3 

37*3 

39*7 

40'0 

40 

42 

0 

0-3 

"•3 

2-8 

4*9 

7*5 

lo's 

138 

17-4 

21*0 

24*6 

28'2 

31*5 

34*5 

37*1 

39'2 

40-7 

41*7 

4a'o 

42 

44 

0 

0-3 

1*3 

a-9 

51 

7-9 

IfO 

«4"5 

i8-2 

22*0 

25'8 

29' 5 

33'o 

36' I 

38-9 

4i'i 

42'7 

43*7 

44'o 

44 

46 

0 

o«3 

»'4 

3' 

5*4 

8-2 

irs 

151 

19*0 

23-0 

27*0 

30*9 

34*5 

37*8 

40-6 

42-9 

44*6 

45*7 

46*0 

46 

48 

0 

0-4 

1*4 

3-2 

5-6 

8-6 

12*0 

15*8 

19-8 

24*0 

28'2 

32*0 

36*0 

39'4 

42-4 

45*8 

44*6 

47*6 

48-0 

48 

50 

0 

0-4 

»'5 

3*3 

5*9 

8-9 

12-5 

17*4 

20'7 

25-0 

29-3 

33'6 

37*5 

4i'i 

44*1 

46*7 

485 

49'6 

50*0 

50 
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ARC.          1 

e 

H<Ju. 

1 

M.S. 

It 

S. 

0 

o  o 

0 

0  0 

0 

O'OO 

1 

o  4 

1 

0  4 

1 

0*07 

2 

0  8 

2 

0  8 

2 

0*13 

3 

O  12 

3 

0  12 

3 

0'20 

4 

o  ]6 

4 

0  16 

4 

0-27 

5 

O  20 

5 

0  20 

5 

0-33 

6 

o  24 

6 

0  24 

6 

0*40 

7 

0  28 

7 

0  28 

7 

0-47 

8 

0  32 

8 

0  32 

8 

0-S3 

9 

0  36 

9 

0  36 

9 

o*6o 

10 
11 

0  40 

10 

0  40 

10 

0*67 

0  44 

11 

0  44 

11 

0-73 

12 

0  48 

12 

0  48 

12 

0'8o 

13 

0  52 

13 

0  52 

13 

0*87 

14 

0  56 

14 

0  56 

14 

0-93 

15 

I  0 

15 

I  0 

15 

1*00 

16 

I  4 

16 

X  4 

16 

i»07 

17 

1  8 

17 

I  8 

17 

ri3 

18 

X  12 

18 

I  12 

18 

1'20 

19 

I  16 

19 

I  16 

19 

1-27 

20 

I  20 

20 

I  20 

20 

1-33 

30 

2  0 

21 

1  24 

21 

1*40 

40 

2  40 

22 

I  28 

22 

1-47 

50 

3  20 

23 

I  V- 

23 

153 

60 

4  0 

24 

I  36 

24 

r6o 

70 

440 

25 

I  40 

25 

i'67 

80 

5  20 

26 

I  44 

26 

1-73 

90 

6  0 

27 

I  48 

27 

I -80 

100 

6  40 

28 

I  52 

28 

i'87 

110 

7  20 

29 

1  56 

29 

1-93 

120 

8  0 

30 

2  0 

30 

2'00 

130 

8  40 

31 

a  4 

31 

2*07 

140 

9  20 

32 

2  8 

32 

2*13 

150 

10  0 

33 

2  12 

33 

2 '20 

160 

10  40 

34 

2  16 

34 

2*27 

170 

II  20 

35 

2  20 

35 

2-33 

180 

12  0 

36 

2  24 

36 

2*40 

37 
38 

2  28 
2  32 

37 
38 

2-47 
a*53 

39 

2  36 

39 

2*6o 

40 

2  40 

40 

2*67 

41 

2  44 

41 

2-73 

42 

2  48 

42 

2*80 

43 

2  52 

43 

2*87 

44 

2  56 

44 

2-93 

45 

3  0 

45 

3'oo 

46 

3  4 

46 

3-07 

47 

3  8 

47 

3-13 

48 

3  12 

48 

3'20 

49 

3  26 

49 

3-27 

50 

3  20 

50 

3*33 

51 

3  14 

51 

3-40 

52 

3  28 

52 

3*47 

53 

3  32 

53 

3'53 

54 

3  36 

54 

3*6o 

55 

3  40 

55 

3-67 

56' 

3  44 

56 

3'73 

57 

348 

57 

3*8o 

• 

58 

3  5* 

58 

3-87 

59 

3  56 

59 

3*93 

TIME.             1 

Fl. 

0 

iM. 

0  / 

S. 

1 
/  // 

10* 

U 

0 

0 

0 

0  0 

0 

0  0 

O'O 

©•o 

1 

15 

1 

0  15 

1 

0  15 

O'l 

i'5 

2 

30 

2 

0  30 

2 

0  30 

0-2 

3-0 

3 

45 

3 

0  45 

3 

0  45 

0-3 

4*5 

4 

60 

4 

1  0 

4 

I  0 

0-4 

6'o 

5 

75 

5 

I  15 

5 

I  15 

o'5 
o'6 

7*5 

6 

90 

6 

I  30 

6 

I  30 

90 

7 

105 

7 

I  45 

7 

>  45 

07 

lo'S 

8 

120 

8 

2  0 

8 

2  0 

0-8 

X2*0 

9 

135 

9 

2  15 

9 

2  15 

o*9 

13s 

JO 
11 

150 

10 

2  30 

10 

2  30 

I'O 

15*0 

165 

11 

a  45 

11 

»  45 

12 

180 

12 

3  0 

12 

3  0 

13 

195 

13 

3  15 

13 

3  15 

14 

210 

14 

3  30 

14 

3  30 

15 

225 

15 

3  45 

15 

3  45 

16 

240 

_ 
1(> 

4  0 

16 

4  0 

17 

*55 

17 

4  15 

17 

4  15 

18 

270 

18 

4  30 

18 

4  30 

19 

285 

19 

4  45 

19 

4  45 

20 

300 

20 

5  0 

20 

5  0 

21 

315 

21 

5  J5 

21 

5  15 

22 

330 

22 

5  30 

22 

5  30 

23 

345 

23 

5  45 

23 

5  45 

24 

360 

24 

6  0 

24 

6  0 

25 
26 

6  30 

25 
26 

6  30 

27 

645 

27 

645 

28 

7  0 

28 

7  0 

29 

7  15 

29 

7  15 

30 

7  30 

30 

7  30 

31 

7  45 

31 

7  45 

32 

8  0 

82 

8  0 

33 

8  M 

38 

8  15 

34 

8  30 

34 

8  30 

35 

8  45 

35 

8  45 

36 

9  0 

36 

9  0 

37 

9  15 

37 

9  15 

38 

9  30 

38 

9  30 

89 

9  45 

39 

9  45 

40 

10  0 

40 

10  0 

41 

10  15 

41 

10  15 

42 

10  30 

42 

10  30 

43 

10  45 

43 

10  4.5 

44 

II  0 

44 

II  0 

45 

II  15 

45 

II  15 

46 

II  30 

46 

IX  30 

47 

II  45 

47 

IX  45 

48 

12  0 

48 

12  0 

49 

12  15 

49 

12  15 

50 
51 

12  30 

50 

12  30 

12  45 

51 

12  45 

52 

13  0 

52 

13  0 

53 

n  15 

53 

13  IS 

54 

13  30 

54 

13  30 

55 

13  45 

55 

13  45 

56 

14  0 

56 

14  0 

57 

14  15 

57 

14  15 

58 

14  30 

58 

14  30 

59 

H  45 

59 

1445 

602 
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CORRECTION  OF  THE  SUN'S  DECLINATION  AT  NOON,  AT  SEA,               | 

FOR  LONGITUDE  AND  FOR  TIME                                                                1 

^  1 

Declination 

Time 

from 

Noon 

o 

-3 

0° 

2? 

4° 
o' 

6° 

8° 

10° 

0' 

12°   14° 

16° 

IT' 

18° 

19° 

20° 

21° 

2U° 

22°22i° 

23° 

23l° 

0° 

o' 

o' 

o' 

0' 

0' 

0' 

0' 

0' 

0' 

0' 

0' 

0' 

0' 

0' 

0' 

0' 

Oh  0* 

10 

0-7 

0-7 

0-7 

0-6 

0-6 

0-6 

o*6'o*5 

0-5 

0-5 

0*4 

o*4 

0-3 

0-3 

o*3 

•»'2 

0*2 

0«2 

O'l 

0  40 

20 

'•3 

i  3 

'•3 

1-3 

1-2 

I'2 

I'l 

I'O 

I'O 

0-9 

o«9 

0-8 

0-7 

o»6 

o'6 

o*5 

0-4 

0-3 

0*2 

I  20 

30 

2-0 

2-0 

1*9 

1-9 

x-8 

1  1*8 

1*7 

1-6 

1*5 

1*4 

1*3 

I  "2 

I'O 

0-9 

0-8 

o'7 

o*6 

0-4 

0*3 

2     0 

40 

2-6 

2-6 

2-6 

as 

a*  5 

a-4 

2-3 

2*1 

2'0 

1-8 

17 

2-6 

1-4 

1*2 

I'O 

o'9 

08 

0-5 

o'4 

2  40 

50 

3-3 

3*3 

3*3 

3*2 

3-1 

3*o 

2-8 

2-7 

a-4 

2-3 

2*2 

2*0 

1-7 

»S 

n 

I'l 

1*0 

0-6 

o*4 

3  20 

«0 

39 

3*9 

3*9 

3-8 

3*7 

3*6 

3*4 

3-2 

2*9 

2-8 

2*6 

2-4 

2*1 

1-8 

1-6 

1*4 

1*2 

0-8 

0*5 

4    0 

70 

4-6 

4-6 

4*5 

4*5 

4*3 

42 

4-0 

3.7 

3*4 

3-2 

3-0 

2-8 

1*4 

2*1 

1-8  1-6 

1*4 

0-9 

0-6 

4  40 

80 

5-2 

5-* 

5*1 

5*1 

5-0 

4*8 

4*5 

4-2 

3'9 

37 

3*4 

3*2 

2-8 

**4 

2-1 

1*9 

r6 

i-o 

0-7 

5  20 

1)0 

59 

5*9 
6-5 

5-8 

5'7 

5-6 

54 

5*1 

4-8 

4*4 

4*1 

4-6 

3-9 

3*6 

3*» 

2-7 

2-4 

2*  I 

1-8 

I'l 

0-8 

6     0 

100 

6-5 

6-4 

6*3 

6-2 

60 

5*7 

5'3 

4-8 

4*3 

39 

3*6 

3-0 

a'7 

23 

2'0 

1*3 

o'9 

6  40 

110 

7.2 

7-2 

7-1 

7-0 

6-8 

6-6 

6-3 

5*9 

5-3 

5-0 

4-8 

4-3 

3*9 

3*3 

3*0 

a*5 

2*2 

1*4 

0-9 

7  20 

120 

7-8 

7-8 

7*7 

7-6 

7'4 

7-2 

6-8 

6-4 

5-8 

5'5 

5» 

4*7 

4-3 

3-6 

3-2 

2-8 

a*4 

1*5 

I'O 

8    0 

130 

8-5 

8-5 

8-4 

8-3 

8-0 

7*8 

7'4 

7-0 

6*2 

59 

5-6 

5*1 

4-6 

3*9 

3*5 

3*o 

2-6 

1-6 

1*1 

8  40 

140 

9-1 

Q'l 

9'o 

8-9 

8*7 

8-3 

8-0 

7*5 

6-7 

6-4 

6'o 

5*5 

5*0 

4-i 

3*8 

3*3 

2-8 

•8 

I'2 

9  20 

150 

9-8 

9'i 

97 

9'5 

9*3 

9-0 

8-5 

8-0 

7*2 

6-8 

6.5 

r^ 

5*3 

4*4l 

4*1 

3*5 

3*o 

1*9 

1*3 

10     0 

100 

io*5 

io*4 

io'3 

10*2 

9.9 

9-6 

9-« 

8-6 

7*7 

7*3 

6-9 

6-3 

P 

4*7 

4*4 

3*7 

3*» 

2*0 

1*4 

10  40 

170 

U'l 

in 

II'O 

io*8 

io'5 

10*2 

9-7 

91 

8-2 

7-8 

7*4 

6-7 

60 

5*' 

4-6 

4-0 

3*4 

2-2 

>*5 

n  20 

lUO 

II-8 

11*7 

11*6 

1 1-4 

ii'i 

io'8  io'3 

96 

8-8 

8-3 

7.9 

7-2 

6.4^ 

5*5 

4*9 

4*3 

3-6  2-3 

1-6 

12     0 

InW 

.  Long^. 

Ia£.  Long. 

When  the  Dc 

cliD.  is 

Inereanng,  add. 
iecreasing,  sub. 

men  the  Declin.  i.|S^^;|; -5; 

For  Time,  w 

ben  the  D 

eclin.  is  inereanng,  add  ;  when  the  Declin.  ia  deereating,  aub.               1 
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CORRECTION  OF  THE  EQUATION  OF  TIME,  AT  NOON,  AT  SEA 

> 

FOR  LONGITUDE  AND  FOR  TIME 

• 

J 

Daily  Variation 

Time 

from 
Noon 

0« 

2» 

4» 

6* 

8» 

0 

10* 

0 

12« 

14« 

16- 

18* 

20« 
0 

22» 

24* 

26- 

0 

28* 

30» 

0° 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Ok  0" 

10 

0 

O'l 

o*i 

0'2 

0'2 

0-3 

0-3 

0-4 

0*4 

0*5 

0-6 

0-6 

07 

0-7 

0-8 

0-8 

0  40 

20 

0 

O'l 

0*2 

0-3 

0-4 

0-6 

o*7 

0-8 

o'9 

I-o 

i-i 

1-2 

J*3 

1*4 

1*5 

17 

1  20 

30 

0 

0-2 

0-3 

o*5 

0-7 

0-8 

I'O 

I'2 

1*3 

1*5 

1-7 

r8 

2'0 

2-2 

a*3 

»*5 

2    0 

40 

0 

0*2 

0*4 

0*7 

0-9 

1*1 

1*3 

1-6 

r8 

2-0 

2-2 

**4 

2-7 

2-9 

3-1 

3*3 

2  40 

50 

0 

0*3 

0-6 

0-8 

I'l 

1*4 

1-7 

1-9 

2*2 

»*5 

2-8 

3*1 

3*3 

3*6 

3*9 

4** 

3  20 

60 

0 

0-3 

o*7 

I'O 

1*3 

1-7 

2*0 

»*3 

2*7 

3*o 

3*3 

37 

4'o 

4"3 

4*7    5*o| 

4     0 

70 

0 

o*4 

0-8 

1*2 

1-6 

1-9 

2-3 

2-7 

3*' 

3*5 

3*9 

4*3 

4*7 

51 

5*4 

5*8 

4  40 

80 

0 

0-4 

o'9 

1*3 

1-8 

2»2 

4*7 

3*1 

3*6 

4-0 

4*4 

4*9 

5*3 

5*8 

6-2 

6-7 

6  20 

90 

0 

0*5 

i-o 

1*5 

2*0 

a*5 

3*o 

3*5 

4-0 
4*4 

4*5 
5*o 

5*0 

5*5 

6*o 

6'5 

70 

7*4 

6    0 

100 

0 

o'6 

1*1 

1-7 

2*2 

2-8 

3*3 

3'9 

5-6 

6-1 

6-7 

7-2 

7*8 

8*3 

6  40 

110 

0 

0*6 

1*2 

1-8 

a'4 

3*1 

3*7 

4*3 

4*9 

r^ 

6-1 

6-7 

7*3 

V^ 

8-6 

9-2 

7  20 

120 

0 

0-7 

1-3 

2'0 

2-7 

3*3 

4*0 

4*7 

5*3 

6-0 

6-7 

7*3 

8-0 

87 

9*3 

lO'O 

8    0 

130 

0 

0*7 

1*4 

2*2 

2*9 

3*6 

4*3 

5*1 

5*8 

6*5 

7-2 

7*9 

8-7 

9*4 

10- 1 

IO-8 

8  40 

140 

0 

08 

1-6 

23 

3*1 

3*9 

4*7 

5*4 

6-2 

7«o 

7-8 

8-6 

9*3 

lo-i 

10*^ 

11-7 

9  20 

150 

0 

08 

1*7 

**S 

3*3 

4*2 

5*o 

5*8 

6-7 

7*5 

8-3 

9*2 

lO'O 

io'8 

11-7 

12-5 

10  10 

160 

0 

0-9 

1-8 

2-7 

3-6 

4*4 

5*3 

6'2 

7*1 

8-0 

8-9 

9-8 

IO-7 

II-6 

12-4 

i3'3 

10  40 

170 

0 

o-j 

1*9 

2-8 

3-8 

4*7 

5*7 

6-6 

7*6 

8*5 

9*4 

io'4 

11-3 

12-3 

13-2 

14-2 

11  20 

180 

0 

i-o 

2*0 

3*0 

4-0 

5*^ 

6-0 

7«o 

8-0 

9*0     lO'O 

ii-o 

12-0  13-0 

14*0 

15-0 

12     0 

In  W.  Long;. 

In  E.  Long. 

Wh€ 

m  the  Equat,  ia  \  ^;^<^^^'^PS»  «dd. 
«i4u»u  w  J  decreasing,  8ub. 

When  the  Eqnau  U  {  2:;:^;  : 

nb. 
dd. 

For 

1  ime,  when  the  Equnt.  is  increasing,  add  ;  when  the  Eqnat  ia  dtcreasing,  aub 

» 
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FOR  REDUCING  DAILY  AND  TWELVE-HOURLY  VARIATIONS 

Inter- 
val 
24b 

Inter- 
val 
12b 

Variation  in  24b  or  in  121*                                                1 

r 

2' 

8' 

4' 

5      1 

0" 

30" 

0" 

30" 

0" 

30" 

0" 

30" 

0" 

30" 

0h   Qin 

30 

1  0 
30 

2  0 
30 

3  0 
30 

4  0 
SO 

Ob  0» 
15 
30 
45 

1  0 
15 
30 
45 

2  0 
15 

0'  0" 

0      1*2 
0     2'5 

0    3'7 
0    5 

0     6*2 

0  7-5 

0   87 

0  10 
0  II-2 

0'   0" 
0     1*9 
0     37 
0    5*6 
0    7-5 
0    9-3 

0    ]I'2 
0    13*1 
0    15 

0  i6*8 

0'  0" 

0      2*5 

0    5 

0    7'5 
0  xo 

0    12'5 

0  15 
0  17-5 

0  20 

0   22'5 

0'    0" 
0     3*1 

0      6*2 

0     9-4 

0    I2'5 

0  15*6 
0  187 

0  21*9 

0  25 
0  28' I 

0'  0" 

0     37 
0     7-5 

0    11*2 
0    15 

0  187 

0   22*5 
0   26'2 
0    30 

0  33'7 

0'    0" 
0    4-4 
0    87 
0  i3'i 
0  17-5 

0   21*9 

0  26*2 
0  30*6 

0  35 
0  39*4 

0'    0" 

0     5 
0  10 

0  15 

0  20 

0  25 

0  30 

0  35 
0  40 

0  45 

0'    0" 
0    5*6 

0    II*2 

0  i6*9 

0  22*5 
0  28*X 

0  33"7 
0  39-4 

0  45 

0  50*6 

0     0 
0      6'2 
0    X2*5 

0  X87 
0  25 

0    3X'2 

0  37-5 
0  437 
0  50 
0  56*2 

o'    0" 
0    6-9 
0  X37 

0  20'6 

0  27*5 
0  34*4 

0  41'2 

0  48*1 

0  55 

1  x*9 

5  0 
30 

6  0 
30 

7   0 

30 

8  0 
30 

9  0 
30 

30 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
45 

0    I2'5 
0    137 
0    15 

0  i6-2 

0  17-5 

0  187 
0  20 

0   21'2 
0   22*5 
0   23-7 

0  187 
0  20*6 
0  22*5 
0  24-4 
0  26*2 
0  28' I 
0  30 
0  31-9 
0  337 
0  35-6 

0   25 

0   27-5 
0    30 
0    32-5 

0  35 
0  37-5 
0  40 
0  42-5 
0  45 
0  47-5 

0  31*2 

0  34-4 

0  37*5 
0  40'6 

0  437 

0  46*9 

0  50 

0  53-1 

0  56*2 

0  59-3 

0  37-5 
0  41*2 
0  45 

0487 
0  52-5 

0  56*2 

1  0 

I     3*7 

»    7*5 
I  11*2 

0  437 
0  48-1 
0  52-5 
0  56*9 

I       1*2 
I       5-6 
I    XO 

X   14-4 

I    187 
X    23'1 

0  50 

0  55 

1  0 

I    5 

X  xo 

1  15 

I  20 
X  25 
I  30 

»  35 

0  56*2 
X     x*9 

1  7*5 
X  X3'i 

X  187 

X  24-4 

X  30 

I  35-6 

X  41*2 

I  46-9 

X     2-5 
X     87 

I   15 

I    21*2 

I    27-5 

»  33*7 
X  40 
X  46*2 
I  52-5 
I  58-7 

X     87 
X   i5'6 

X    22*5 

I  29-4 
I  36-2 
X  43-1 
X  50 
X  56-9 

2       37 
2    XO'6 

10  0 
30 

11  0 
30 

12  0 
30 

13  0 
30 

14  0 
30 

5  0 
15 
30 
45 

6  0 
15 
30 
45 

7  0 

15 

0   25 
0   26-2 
0  27'5 

0  287 
0  30 

0    31'2 

0  32'5 
0  337 

0  35 
0  36*2 

0  37-5 

0  39*4 
0  41*2 
0  431 
0  45 
0  46*9 
0  487 
0  50*6 
0  52-5 
0  54-4 

0  50 
0  52-5 

0  55 

1  0 

I     2-5 

I     5 

I     7*5 
I   10 

I     12-5 

I     2-4 
I     5-6 

I     8-7 
I   11*8 

I  15 
1   i8-i 

I    21*4 

1  24-4 
I  27-5 
I  30*6 

I  15 
I  187 

1    22' 5 

X  26*2 

I    30 

I  337 

I  37*5 
I  41*2 

I  45 
I  487 

X  27-5 

I  31-9 

I  36-2 
1  40-6 

I  45 
I  49*4 
I  53'7 

1  58-x 

2  6*9 

I  40 

1  45 
X  50 

>  55 

2  0 

a    5 
2  xo 

a  15 
2  20 

2  25 

1  52-5 
X  58*1 

2       37 

2  9*4 

2    20*6 
2    26*2 
2    31-9 
2    37-5 

2  43-1 

2     5 

2  XX*2 

2  X7-5 
2  237 
2  30 
2  36*2 

2  4a'5 
2  48-7 
a  55 

3  X'2 

2  X7-5 
2  24-4 

2    3X'2 
2    38-1 

a  45 
2  5X-9 

2  587 

3  5*6 
3  12-5 
3  19-4 

15  0 
30 

16  0 
30 

17   0 

30 
18    0 

30 
lU    0 

30 

30 
45 

8  0 
U 
30 
45 

9  0 
15 
30 
45 

0  37-5 
0  387 

0  40 

0  41*2 

0  42-5 

0  437 

045 
0  46*2 

0  47*5 
0  487 

0  56'2 

0  58-1 

1  0 

I     1-9 
1     37 
1     5-6 

»     7*5 
1     9-3 

I  11*2 

I  i3'i 

I  15 

'   17*5 
I  20 

I    22*5 
1    25 
1    27-5 
1    30 

I  32- 5 

I  35 

»  37*5 

I  33*7 
I  36-8 

I  40 

I  43*1 
I  46*2 

»  493 

1  55-6 

1  58-7 

2  1*9 

1  52-5 
X  56*2 

2  0 

2     37 

i     7*5 

2    Xl-2 
2    15 

2    X87 
2   22*5 
2   26*2 

2  ix-2 
2  15*6 
2  20 
2  24-4 
2  287 

a  33*1 
2  37-5 
241-9 
2  46*2 
2  50*6 

2  30 

a  35 
2  40 

a  45 

2  50 

a  55 

3  0 

3     5 

3  10 

3   15 

2  487 

2  54-4 

3  0 

3     5'6 

3    II*2 

3  i6*9 
3  22-5 
3  28-1 
3  33*7 
3  39"4 

3     7-5 
3  13*7 
3  20 
3  26*2 

3  3a*5 
3  387 
3  45 
3  51-a 

3  57-5 

4  3*7 

3  26*2 

3  33*1 
3  40 
3  46-9 

3  53*7 

4  o'6 

4    7*5 
4  14*4 

4   21*2 

4  28*1 

20  0 
30 

21  0 
30 

2-2    0 
30 

23  0 
30 

24  0 
30 

10    0 
15 
30 
45 

n    0 

15 

30 

45 

12    0 

15 

0  50 
0  51*2 
0  52-5 
0  537 

0  55 
0  56-2 
0  57-5 

0  587 

1  0 

I       1*2 

;;i8 
1 187 

I  ao*6 

I    22*5 

I  24-4 
I  26-2 
1  28-1 
I  30 
1  31-9 

I  40 

I  4»-5 

>  45 

I  47-5 
I  50 

1  52-5 

>  55 

«  57-5 

2  0 

2    2-5 

a     5 
2     8-1 

2    11*2 
2    14-3 
2    17-4 
2   20*6 

2   237 
2   26-8 
2    30 

2  33-1 

2    30 
2    337 

2  37-5 

2  41*2 

a  45 
2  487 

2  52-5 

2  56*2 

3  0 

3     3'7 

*  55 

2  59-4 

3  3*7 
3     8*1 

3  i2'5 
3  i6-9 

3    21*2 

3  25*6 
3  30 
3  34% 

3  20 
3  25 
3  30 
3  35 
3  40 
3  45 
3  50 

3  55 

4  0 
4     5 

3  45 
3  50-6 

3  56-2 

4  i"9 
4    7*5 
4  J3-> 
4  187 

4  14-4 
4  30 
4  35-6 

4  10 
4  x6*2 
4  22-5 
4  287 

4  35 
4  41-2 

4  47'5 

4  53*7 

5  0 

5      6»2 

4  35 
4  41-9 
4  48-7 

4  55-6 

5  a*5 

5    9*4 
5  x6*2 

5  a3*i 
5  30 

5  3^*9 

2a    0 
30 

26    0 
30 

27   0 

30 
28    0 

30 
30    0 

30 
)0    0 

30 
45 

13  0 

30 
45 

14  0 
15 

30 
45 

15  0 

1     2-5 

*     3*7 
I     5 

I       6*2 

»     7-5 
I     87 

I  10 

I   11*2 

I  Ja*5 

I  137 

X   >5 

"  33*7 
I  356 

»  37*5 
*  39'4 
1  41* 
I  43-1 

I  45 
I  469 

I  4»7 
I  50*6 
I  52-5 

»    5 
2    7*5 

2  10 

2    12'5 
2    15 

2  17*5 
2  20 

2   22*5 

2   25 
2   27-5 
2  .30 

2  36*2 

2  39*4 
2  42-5 
2  456 
2  487 

2  51-9 

a  55 

a  58'! 

3  1*2 

3  4*3 
3     7-5 

3     7*5 
3  ii"2 

3  15 

3  "87 

3  "-5 
3  26*2 

3  30 
3  33*7 
3  37*5 

3   41-2 

3  45 

3  387 
3  43-1 
3  47*5 
3  5>'9 

3  56*2 

4  o'6 

4    5 

4    9*4 

4  13-7 
4  x8*i 

4  22-5 

4  10 

4  15 
4  20 

4  15 
4  30 
4  35 
4  40 
4  45 
4  50 

4  55 

5  c) 

4  41-2 
446*9 

4  52-5 

4  58M 

5  3*7 
5     9*4 

5    20*6 

5  26*2 

5  31-9 

5  37*5 

5  "'5 
5  187 
5  »5 
5  3i-a 
5  37'5 
5  43*7 
5  50 

5  56*2 

6  2*5 
6    87 
6  15 

5  43*7 
5  50-6 

5  5''*5 

6  4«4 

6    II'2 

6  x8m 
6  25 
6  3i'9 

6  38-7 
6  45-6 

6  52-5 

604 


TABLE  21 


FOR  REDUCING  DAILY  AND  TWELVEHOURLY  VARIATIONS 

Variation  in  24^  or  in  12^                                                             1 

Inter- 

Inter- 

.                            .                                              .     -           .         1 

val 
24h 

val 

6 

/ 

r 

8' 

9' 

W            \ 

12° 

0" 

30" 

0" 

30" 

0" 

30" 

0" 

30" 

if 

ao" 

Oh  o« 

0h    QID 

o'    o" 

0'    0" 

0'    0" 

0'    0" 

0'  0" 

0'    0" 

0'  0" 

0'   0" 

0'   0" 

</  0" 

30 

15 

o     7*5 

0     8*1 

0    8'7 

0    9-4 

0  10 

0  io'6 

0    II'2 

0  ii»9 

0   12*5 

0  13-1 

1     0 

30 

o  15 

0    l6'2 

0  17-5 

0  187 

0  20 

0   21'2 

0   22^5 

0  a3'7 

0  25 

0  a6-a 

30 

45 

O    22'5 

0  24-4 

0  26*2 

0  281 

0  30 

0    31-9 

0  33*7 

0  35-6 

0  37*5 

0  39'4 

2    0 

1     0 

o  30 

0  32-5 

0  35 

0  37-5 

0  40 

0  42-5 

0  45 

0  47*5 

0  50 

0  52-5 

30 

15 

0  37*5 

0  40*6 

0  437 

0  46*9 

0  50 

0  53-1 

0  56*2 

0  594 

I    a-5 

I     5-6 

3    0 

30 

0  45 

0  48-7 

0  52-5 

0  56'2 

I    0 

I     3*7 

I     7*5 

I    11*2 

I  >5 

X  x8'7 

30 

45 

0  52-5 

0  56*9 

1       1'2 

I     5-6 

I   xo 

I  14-4 

I  i8*7 

I   23*1 

I  a7-5 

I  31-9 

4     0 

2     0 

I     0 

I     5 

I    10 

»  15 

I  20 

I  25 

I  30 

I  35 

I  40 

I  45 

30 

15 

I     7*5 

I  13M 

I    18-7 

1  24-4 

I  30 

I  35-6 

I  41-2 

I  46-9 

I  52*5 

I  58*  I 

5    0 

30 

»  15 

I  21*2 

I    27-5 

I  33'7 

I  40 

I  46-2 

I  525 

I  58-7 

*    5 

2  11*2 

30 

45 

I  22*5 

I  29-4 

I    36*2 

I  43-1 

I  50 

I  56-9 

2     3*7 

a  10*6 

a  17-5 

2  24-4 

G    0 

3    0 

I  30 

I  37*5 

»  45 

I  52-5 

2      0 

2     7'5 

a  15 

a  aa-5 

a  30 

2  37-5 

30 

15 

>  37*5 

I  45*6 

I  53'7 

2     1*9 

2    10 

2  18*1 

a  a6*a 

2  34*4 

a  4a-5 

a  50*6 

7     0 

30 

I  45 

I  53'7 

2      2*5 

2    1I'2 

2   20 

a  a8'7 

2  37*5 

a  46*2 

a  55 

3     3*7 

30 

45 

I  52-5 

2     1*9 

2  11*2 

2   20*6 

2    30 

2  39-4 

a  48-7 

a  58-1 

3     7*5 

3  16-9 

8    0 

4     0 

2    0 

2  10 

2  20 

2    30 

2  40 

a  50 

3    0 

3  10 

3  ao 

3  30 

30 

15 

2   rs 

2  18*1 

2  28«7 

2  39'4 

2    50 

3    o*6 

3  ii*a 

3  ar9 

3  32-5 

3  43* « 

9    0 

30 

2  15 

2  26*2 

2  37-5 

2   48-7 

3    0 

3    II'2 

3  2a-5 

3  33*7 

3  44 

3  56*2 

30 

45 

2   22'5 

a  34*4 

2  ^6*2 

2    58-1 

3  10 

3  2i'9 

3  33*7 

3  45*6 

3  57*5 

4    9*4 

iO    0 

5    0 

2    30 

2  42-5 

*  55 

3     7*5 

3  20 

3  32-5 

3  45 

3  57-5 

4  10 

4  a2-5 

30 

15 

2    37-5 

2  50-6 

3     3'7 

3  i6'9 

3  30 

3  43*1 

3  56*2 

4    9*4 

4  22-5 

4  35*6 

il     0 

30 

a  45 

2  58-7 

3  "'5 

3  26*2 

3  40 

3  53*7 

4    7*5 

4  21*2 

4  35    ,4  48'7| 

30 

45 

a  5^'S 

3     6-9 

3  21*2 

3  35'6 

s  50 

4    4*4 

4  i8-7 

4  33*1 

4  47*5 

5     1*9 

12    0 

6    0 

3    0 

3  >5 

3  30 

3  45 

4    0 

4  15 

4  30 

4  45 

5    0 

5  '5 

30 

15 

3     7'5 

3  a3-i 

3  38-7 

3  54*4 

4  10 

4  *5'6 

4  41*2 

4  56-9 

5  "'s 

5  28-1 

13    0 

30 

3  15 

3  31** 

3  47-5 

4    3*7 

4  20 

4  36-2 

4  5a-5 

5     8-7 

5  25 

5  4>-2 

30 

45 

3   22-5 

3  39*4 

3  56-2 

4  i3'i 

4  30 

4  46-9 

5     3*7 

5  ao-6 

5  37*5 

5  54'4 

14    0 

7    0 

3  30 

3  47*5 

4    5 

4  22-5 

4  40 

4  57-5 

5  '1 

5  32-5 

5  50 

6    7-5 

30 

15 

3  37'5 

3  55-6 

4  >3'7 

4  3i'9 

4  50 

5     8-1 

5  ao'a 

5  44*4 

6    2'5 

6  20-6 

id    0 

30 

3  45 

4    3'7 

4  2*'5 

4  41-2 

5    0 

5  i8-7 

5  37*5 

5  56*2 

6  15 

6  33-7 

30 

45 

3  5^*5 

4  "'9 

4  31-2 

4  50*6 

5  10 

5  29-4 

5  48-7 

6    %*i 

6  a7-5 

6  46*9 

16    0 

8    0 

4    0 

4  20 

440 

5    0 

5  20 

5  40 

6    0 

6  20 

6  40       7    0    1 

30 

15 

4    7-5 

4  28-1 

448-7 

5    9*4 

5  30 

5  50-6 

6  xi*a 

6  31-9 

6  52-5  7  xri| 

17     0 

30 

4  15 

4  36'* 

4  57'5 

5  »8*7 

5  40 

6      I'2 

6  aa*5 

f  43-7 

7    5 

7  26-a 

30 

45 

4  "'5 

4  44'4 

5      6*2 

5  28*1 

5  50 

6  xi*9 

6  33*7 

6556 

7  17-5 

7  39*4 

18    0 

9    0 

4  30 

4  5*-5 

5  15 

5  37*5 

6    0 

6  22*5 

645 

7    7-5 

7  30 

7  52-5 

30 

15 

4  37*5 

5    o'6 

5  23-7 

5  46-9 

6  10 

6  33-1 

6  56*a 

7  i9'4 

7  42*5 

8    5-6 

19    0 

30 

4  45 

5    «-7 

5  32-5 

5  56-2 

6  20 

6  43-7 

7    7*5 

7  31-2 

Z  55 

8  i8*7 

30 

45 

4  S^'S 

5  »6-9 

5  4»-2 

6    5-6 

6  30 

6  54-4 

7  i8-7 

7  43*1 

8    7*5 

8  319 

20    0 

10    0 

5    0 

5  ^5 

5  50 

6  15 

6  40 

7    5 

7  30 

Z  55 

8  20 

845 

30 

15 

5    7*5 

5  33-« 

5  587 

6  14-4 

6  50 

7  15*^ 

7  4»*2 

!    V^ 

8  32-5 

8  58- x 

21     0 

30 

5  15 

5  4i-» 

6    7-5 

6  33.7 

7    0 

7  26*2 

7  5^-5 

8  i8*7 

844  * 

9  ii*a 

30 

45 

5  "'5 

5  49*4 

6  16*2 

6  43-1 

7  10 

7  36-9 

8     3*7 

8  30*6 

8  57-5 

9  »4-4 

22    0 

11     0 

5  30 

5  57-5 

6  25 

6  52-5 

7  ao 

7  47*5 

8  15 

8  4a-s 

9  xo 

9  3r5 

30 

15 

5  37*5 

6     5-6 

6  33-7 

7     1*9 

7  30 

7  58-1 

8  a6'a 

8  54-4 

9  «'S 

9  50*6 

23    0 

30 

5  45 

6  13-7 

6  42-5 

7    11*2 

7  40 

8    8-7 

8  37*5 

9     6-2 

9  35 

10     3*7 

30 

45 

5  5»-5 

6  21*9 

6  51*2 

7  20'6 

7  50 

8  19-4 

848-7 

9  x8*i 

9  47*5 

10  x6*9 

24     0 

12    0 

6    0 

6  30'5 

7    0 

7  30 

8    0 

8  30 

9    0 

9  30 

xo    0 

10  30 

30 

15 

6     7-5 

6  38-1 

7    8-7 

7  39-4 

8  10 

8  40-6 

9  ii*a 

941-9 

10    12*5 

xo  43-1 

[25     0 

30 

6  15 

6  46*2 

7  17-5 

7  48-7 

8  20 

8  51-a 

9  "-5 

9  53*7 

10  25 

10  56-a 

1      30 

45 

6   22' 5 

6  54-4 

7  26*2 

7  58-1 

8  30 

9    "•9 

9  33*7 

10    5'6 

10  37-5 

XI    9-4 

[26    0 

13    0 

6  30 

7    a'5 

7  35 

8     7'5 

8  40 

9  "-5 

9  45 

10  17-5 

10  50 

IX  aa*5 

1      30 

15 

6  37'5 

7  io*6 

7  43*7 

8  i6-9 

8  50 

9  23*1 

9  56*2 

10  a9*4 

IX    1*5 

IX  35-6 

27    0 

1            «. 

30 

6  45 

7  i8-7 

7  52-5 

8  26*2 

9    0 

9  33*7 

10    7*5 

10  41'a 

11  15 

II  48-7 

f    a^ 

45 

6  52-5 

7  26-9 

8      1*2 

8  35-6 

9  10 

9  44*4 

10  i8'7 

10  53-1 

IX  a7«5 

xa    1*9 

28    0 

14     0 

7    0 

7  35 

8  10 

8  45 

9  20 

9  55^ 

10  30 

"     1 

XI  40 

la  15 
la  ai'i 

1      30 

15 

7     7*5 

7  43*1 

8  i8-7 

8  54-4 

9  30 

10    5'6 

10  4i*a 

IX  16*9 

IX  sa-s 

29    0 

30 

7  15 

7  5»** 

8  27-5 

9    3*7 

9  ¥> 

10  i6*a 

10  sa-5 

IX  a8'7 

la     5 

la  4X*l 

:-     30 
v^O    0 

45 

7  "'5 

7  59*4 

8  36-2 

9  i3'> 

9  50 

10  26-9 

II     3-7 

XX  40*6 

la  ir5 

I*  54*4 

Id     0 

i 

7  30 

8     7-5 

8  45 

9  22-5 

10    0 

10  37-5 

II  15 

II  52-5 

12  30 

13    7*5 
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1                 FOR  REDUCING  DAILY  AND  TWELVE-HOURLY  VARIATIONS 

Inter- 
val 
24i> 

Inter- 
val 
12^ 

Variation  in 

24*'  or  in  12»' 

1 

11' 

12' 

13' 

14 

15'          1 

0" 

30" 

0" 

30" 

0" 

30" 

0" 

30" 

0" 

30" 

Qh  0- 

0»>  O" 

o'   o" 

0'   0" 

0'  0" 

0'    0" 

0'   0" 

0'    0" 

0'    0" 

0'    0" 

0'   0" 

0'    0" 

30 

15 

o  137 

0  14-4 

0  IS 

0  15-6 

0  16*2 

0  i6*9 

0  I7-S 

0  i8*i 

0  187 

0  19-4 

I     0 

30 

0  27*5 

0  287 

0  30 

0  31-2 

0  32-s 

0  337 

0  35 

0  36*2 

0  37*5 

0  387 

30 

45 

0  41*2 

0  43-1 

045 

0  46*9 

0  487 

0  50*6 

0  S2-5 

0  54*4 

0  s6*2 

0  s8-i 

2     0 

1     0 

0  55 

0  57-5 

I    0 

I     25 

I     5 

I     7*5 

I  10 

I    12*5 

I  15 

1  I7-S 

30 

15 

I     87 

I   ii'9 

I  15 

I   i8'i 

I  21*2 

I  24-4 

I  a7*5 

I  30'6 

I  337 

I  369 

3     0 

30 

I    22- 5 

I  26*2 

I  30 

I  337 

I  37*5 

1  41*2 

I  45 

I  487 

I  S2-5 

I  s6'2 

30 

45 

I    36*2 

I  40*6 

I  45 

I  49-4 

I  53-7 

I  s8'i 

2     2*5 

I  36*9 

2  11*2 

2  is*6 

4     0 

2     0 

1    50 

»  55 

2    0 

i     5 

2  10 

2  IS 

2  20 

2   2S 

2  30 

2  35 

30 

15 

»     3'7 

2    9-4 

2  15 

2   20-6 

2  26*2 

2  31-9 

2  37-s 

2  48-1 

2  487 

2  54*4 

5     0 

30 

2  17-5 

2  237 

2  30 

2    36*2 

2  42-5 

2  487 

1  55 

3       1*2 

3     7"5 

3  137 

30 

45 

2  31*2 

2  38«i 

»  45 

2  sr9 

2  587 

3     5*6 

3  "'5 

3  19*4 

3  26*2 

3  331 

6     0 

3    0 

»  45 

2  52-5 

3    0 

3     7*5 

3  15 

3   22-5 

3  30 

3  37-5 

3  45 

3  5*' 5 

30 

15 

a  58*7 

3     6-9 

3  15 

3  a3» 

3  31-3^ 

3  39*4 

3  47*5 

3  55*6 

4    37 

4  11-9 

7     0 

30 

3  "'5 

3    21'2 

3  30 

3  38-7 

3  47*5 

3  56-2 

4    5 

4  137 

4  22s 

4  3i"* 

30 

45 

3  26-2 

3  35'6 

3  45 

3  54*4 

4     37 

4  131 

4  ^rs 

4  319 

4  41-2 

4  50-6 

8    0 

4    0 

3  40 

3  50 

4    0 

4  10 

4  20 

4  30 

4  40 

4  50 

5    0 

5  10 

30 

16 

3  53*7 

4    4*4 

4  15 

4  a5"6 

4  36*2 

4  46-9 

4  57*5 

^     f' 

5  187 

5  »9*4 

9    0 

30 

4    7*5 

4  187 

4  30 

4  41  a 

4  5»'5 

5     37 

5  15 

5    20'2 

5  37'5 

5  487 

30 

45 

4  21*2 

4  33-1 

4  45 

4  56-9 

5     87 

S  2o*6 

5  3»*5 

5  44'4 

5  56'* 

6     8*1 

10    0 

5    0 

4  35 

4  47*5 

5    0 

5   ia*5 

5  »5 

5  37*5 

5  50 

6    2'5 

V^ 

6  27-5 

30 

15 

4  48-7 

5     »*9 

5  »5 

S  281 

5  41a 

5  54*4 

6     7s 

6  20*6 

6  337 

6  46*9 

11     0 

30 

5    *"5 

5  26*2 

5  30 

5  43*7 

5  57'5 

6    11*2 

6  2S 

6  387 

6  S2S 

7      6*2 

30 

45 

5    l6*2 

5  406 

5  45 

5  59'4 

6  137 

6  28*  I 

6  42-s 

6  56-9 

7    11*2 

7  a5'6 

12    0 

6    0 

5  30 

5  45 

6    0 

6  IS 

6  30 

6  4S 

7     0 

7  15 

7  30 

7  45 

30 

15 

5  43'7 

5  59*4 

6  IS 

6  30*6 

6  46*2 

7     1*9 

7  17-5 

7  33*1 

7  487 

8    4*4 

13    0 

30 

5  57*5 

6  137 

6  30 

6  46-2 

7     a'5 

7  187 

7  35 

7  51'* 

8     7-5 

8  23-7 

30 

45 

6    11*2 

6  28- 1 

6  45 

7     1*9 

7  187 

7  35'6 

7  51-5 

8     9-4 

8  26-2 

8  43-1 

14    0 

7    0 

6  25 

6  42-5 

7     0 

7  17*5 

7  35 

7  5»-5 

8  10 

8  27-5 

8  45 

9     a-5 

30 

15 

6  38-7 

6  569 

7  15 

7  33*1 

7  5i"a 

8     9*4 

8  27-s 

8  45*6 

9     37 

9  »i'9 

15     0 

30 

6  52-5 

7    II"2 

7  30 

7  487 

8    7-5 

8  26-2 

845 

9     37 

9  "5 

9  4i-3t 

30 

45 

7      6*2 

7  25-6 

7  45 

8    44 

8  237 

8  43-1 

9    »'5 

9  4i'9 

9  4i» 

10     G'6 

16    0 

8    0 

7  20 

7  AO 

8    0 

8  20 

8  40 

9    0 

9  20 

9  40 

10    0 

10  20 

30 

15 

7  33'7 

7  54*4 

8  IS 

8  35-6 

8  562 

9  i6'9 

9  37*5 

9  58-1 

10  187 

10  39'4 

17     0 

30 

7  47' 5 

8     87 

8  30 

8  51-2 

9    I2S 

9  337 

9  55 

10    l6'2 

10  37-s 

10  587 

30 

45 

8       1-2 

8  23-1 

8  45 

9     6-9 

9  »87 

9  50*6 

10    I2'S 

10  34-4 

10  56'2 

II   iS'i 

18    0 

9    0 

g  15 

8  37*5 

9    0 

9  "'5 

9  45 

10     7-s 

10  30 

10  52-5 

II   IS 

II  37-5 

30 

15 

8  28-7 

8  51-9 

9  >5 

9  38-1 

10     1*2 

10  24-4 

10  47-5 

II   io'6 

II  337 

II  56  9 

19    0 

30 

8  42-5 

9     6*2 

9  30 

9  53*7 

10  17-5 

10  41*2 

II     5 

II  287 

II  52-s 

12  i6-2 

30 

45 

8  56-2 

9  20' 6 

9  45 

10    9-4 

10  337 

10  s8*i 

II  23-5 

II  46-9 

12  11*2 

12  35-6 

2U    0 

10    0 

9  10 

9  35 

10    0 

10    2S 

10  so 

II   IS 

11  40 

12     s 

12  30 

i»  55 

30 

15 

9  a3'7 

9  49*4 

10  15 

10   40*6 

II     6-» 

II  31-9 

II  57*5 

12  23*1 

12  487 

13  14-4 

21     0 

30 

9  37*5 

10     37 

10  30 

10    56*2 

II    22*5 

II  487 

12  IS 

12  41*2 

13     7'5 

13  33  7 

30 

45 

9  5i'» 

10  18' I 

10  45 

II  11*9 

II    387 

12     5*6 

12  32-s 

12  59-4 

13   26z 

13  531 

2i    0 

11     0 

10     5 

10  32*5 

II     0 

II  27-5 

II  55 

12   22'S 

12  so 

13  17*5 

13  45 

14   12-5 

30 

15 

10  18-7 

10  46*9 

II   15 

II  43*1 

12    11-2 

12    39-4 

13     7*5 

13  35*6 

14     37 

H  319 

23    0 

30 

10  32*5 

II       1*2 

II  30 

u  58-7 

12    27-S 

12    S^'2 

13  i5 

13  537 

14  22-5 

14  51a 

30 

45 

10  46*2 

II     15*6 

11  45 

12  144 

12  437 

13    13*1 

13  42-5 

14  119 

14  41-2 

IS  io'6 

21    0 

12    0 

II    0 

II    30 

12    0 

12  30 

13       0 

13    30 

14    0 

14  30 

15     0 

15  30 

30 

15 

II  137 

II    44-4 

12  IS 

12  4S-6 

13    l6*2 

13    46-9 

14  17*5 

14  48-1 

15   187 

15  49"4 

25    0 

30 

II  *7'5 

11    587 

12  30 

13     i*a 

13  325 

14    37 

14  35 

15     6-2 

15  37-5 

16     87 

30 

45 

II  41*2 

12    13*1 

12  4S 

13  i6'9 

13  487 

14  20*6 

14  5»'5 

15  a4-4 

15  56'* 

16  281 

2G    0 

13     0 

"  55 

12    27*5 

13     0 

13  3»*5 

14    5 

14  37*5 

IS  10 

15  4»-5 

16  IS 

16  47'5 

30 

15 

12    87 

12   419 

13  IS 

13  48-1 

14  21*2 

14  54*4 

15  ^rs 

16    0-6 

16  337 

17     69 

27    0 

30 

12    22*5 

12    56*2 

13  30 

14    3*7 

14  37-5 

IS  11*2 

15  45 

16  187 

16  s»'5 

17  26-2 

30 

45 

12    36*2 

13  io*6 

13  45 

14  19-4 

14  537 

IS  281 

16    2-s 

16  36*9 

17    11*2 

17  45-6 

23    0 

14    0 

12    50 

13  25 

14    0 

14  35  , 

IS  10 

15  45 

ID    20 

16  SS 

17    30 

18    s 

30 

15 

13       37 

13  394 

14  IS 

14  so'o 

IS  26*2 

16     1*9 

16  37S 

17  13*1 

17   487 

18  24-4 

29    0 

30 

13    175 

'3  53*7 

14  30 

IS     6*2 

15  44-5 

16  187 

16  ss 

17  31-2 

18     7-S 

18  43  7 

30 

45 

13    31*2 

14     8-1 

14  45 

15  219 

15  587 

16  3S*6 

17  12-s 

17  49"4 

18  26-2 

19     31 

30    0 

15    0 

»3  45 

14  22-5 

15    0 

15  37-s|i6  15 

16    S2'S 

17  30 

18     7*5 

18  45 

19   22-5 
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FOR  REDUCING  DAILY  AND  TWJiLVE-HOURLY  VARIATIONS 

■ 

Variation  in 

24»'  or  in  \2^ 

Inter- 
val 
24h 

Inter- 
val 
12h 

16' 

17'     1 

18' 

19' 

20' 

0"- 

30" 

0" 

30" 

0" 

30" 

0" 

30" 

0"    30" 

Qh  0°) 

Qh  Qm 

o'  o" 

0'  0" 

0'  0" 

0'  0" 

0'  0" 

0'  0" 

0'  0" 

0'  0" 

0  0" 

0'  0" 

30 

15 

O  20 

0  20*6 

0  21'2 

0  21*9 

0  22*5 

0  23*1 

0  237 

0  24-4 

0  25 

0  2S*6 

I  0 

30 

o  40 

0  41*2 

0  42-5 

0  437 

0  45 

0  46*2 

0  47*5 

0  487 

0  50 

0  51*2 

30 

45 

I   0 

I  1-9 

I  3-7 

I  5-6 

I  7-5 

I  94 

I  11*2 

I  13-1 

I  15 

I  i6'9 

2  0 

1  0 

I  20 

I  22*5 

I  25 

I  27-5 

I  30 

»  32-5 

I  35 

I  37*5 

I  40 

I  42-5 

30 

15 

I  40 

I  43' I 

I  46*2 

I  49-4 

I  52-5 

I  55-6 

1  587 

2  1*9 

i  5 

2  8*1 

3  0 

30 

2   0 

2  3-7 

2  7*5 

2  11*2 

2  J5 

2  187 

2  22*5 

2  26*2 

2  30 

2  33*7 

30 

45 

2  20 

2  24-4 

2  28*7 

2  33-1 

2  37*5 

2  41-9 

2  46*2 

2  50-6 

2  55 

2  59*4 

4  0 

2  0 

2  40 

*  45 

2  50 

»  55 

3  0 

3  5 

3  10 

3  15 

3  20 

3  25 

30 

15 

3  0 

3  5"6 

3  11*2 

3  16-9 

3  22-5 

3  28-1 

3  33'7 

3  39*4 

3  45 

3  50-6 

5  0 

30 

3  20 

3  26*2 

3  3*-5 

3  38-7 

3  45 

3  51-2 

3  57*5 

4  3'7 

4  10 

4  l6*2 

30 

45 

3  40 

3  46*9 

3  53-7 

4  io*6 

4  7-5 

4  14*4 

4  21*2 

4  28-1 

4  35 

4  4i'9 

C  0 

3  0 

4  0 

4  7*5 

4  15 

4  22-5 

4  30 

4  37*5 

4  45 

4  52-5 

5  0 

5  7*5 

30 

15 

4  20 

4  28-1 

4  36-2 

4  44"4 

4  5^*5 

5  0-6 

5  8-7 

5  16-9 

5  25 

5  33*" 

7  0 

30 

4  40 

4  48-7 

4  57*5 

5   6*2 

5  15 

5  23-7 

5  325 

5  41-2 

5  50 

5  587 

30 

45 

5  0 

5  94 

5  i8-7 

5  28-1 

5  37-5 

5  46-9 

5  56*2 

6  s-6 

6  IS 

6  24*4 

8  0 

4  0 

5  20 

5  30 

5  40 

5  50 

6  0 

6  10 

6  20 

6  30 

6  40 

6  50 

30 

15 

5  40 

5  50*6 

6   1*2 

6  11-9 

6  22*5 

6  33*1 

6  437 

6  54-4 

7  5 

7  15-6 

9  0 

30 

6  0 

6  11*2 

6  22*5 

6  33'7 

6  45 

6  56*2 

7  7-5 

7  i8-7 

7  30 

7  4i'2 

30 

45 

6  20 

6  31-9 

6  43-7 

6  55-6 

7  7-5 

7  19*4 

7  31-2 

7  43*1 

7  55 

8  6*9 

10  0 

5  0 

6  40 

6  52-5 

7  5 

7  17-5 

7  30 

7  42-5 

7  55 

8  rs 

8  20 

8  32*5 

30 

15 

7  0 

7  i3'i 

7  26-2 

7  39*4 

7  5»*5 

8  5-6 

8  187 

I   3i*9 

8  4S 

8  58*1 

11  0 

30 

7  20 

7  33*7 

7  47'S 

8  II-2 

8  15 

8  287 

8  42-5 

8  56-2 

9  10 

9  237 

30 

45 

7  40 

7  54*4 

8  87 

8  23*1 

8  37-5 

8  51-9 

9  6-2 

9  20'6 

9  35 

9  49*4 

12  0 

6  0 

8  0 

8  15 

8  30 

8  45 

9  0 

9  15 

9  30 

9  45 

10  0 

10  15 

30 

15 

S  20 

8  35-6 

8  51-2 

9  6*9 

9  22*5 

9  38-1 

9  53*7 

10  9-4 

10  25 

10  40*6 

13  0 

30 

8  40 

8  56-2 

9  >»-5 

9  »87 

9  45 

10  1*2 

10  17*5 

10  33'7 

10  50 

11  6*2 

30 

45 

9  0 

9  16*9 

9  33*7 

9  50-6 

10  7'5 

10  24*4 

10  41*2 

10  58*1 

II  IS 

II  31*9 

14  0 

7  0 

9  20 

9  37*5 

9  55 

10  12*5 

10  30 

10  47-5 

"  5 

II  22'S 

II  40 

II  57*5 

30 

15 

9  40 

9  S8-> 

10  16*2 

10  54-4 

10  52-5 

II  io'6 

11  287 

II  46*9 

12  5 

12  23*1 

15  0 

80 

10  0 

10  i8*7 

10  37-5 

10  56'2 

II  15 

II  337 

II  525 

12  11*2 

12  30 

12487 

30 

1  ^%        ^k 

45 

10  20 

10  39'4 

10  587 

II  i8'i 

"  37'5 

11  569 

12  16*2 

12  35*6 

12  55 

13  14-4 

10  0 

8  0 

10  40 

11  0 

II  20 

11  40 

12  0 

12  20 

12  40 

13  0 

13  20 

13  40 

30 

15 

II  0 

II  20-6 

II  41*2 

12  1*9 

12  22*5 

12  43-1 

>3  3*7 

13  24-4 

13  45 

14  5*6 

17  0 

30 

II  20 

II  41*2 

12   2*5 

12  237 

12  45 

13  6-2 

13  27-5 

13  487 

14  10 

14  3i'2 

30 

45 

II  40 

12  1*9 

12  237 

12  45-6 

13  7*5 

13  29-4 

13  51-2 

14  13-1 

14  35 

14  569 

18  0 

9  0 

12  0 

12  22*5 

12  45 

13  rs 

13  30 

13  52-5 

14  15 

14  37*5 

15  0 

15  22*5 

30 

15 

12  20 

12  43-1 

13  6-2 

13  29-4 

13  5»*5 

14  15-6 

14  387 

IS  19 

15  a5 

IS  48- 1 

19  0 

30 

12  40 

>3  3*7 

13  27-5 

13  si-2 

14  15 

14  387 

15  25 

15  26-2 

15  50 

16  13*7 

30 

45 

13  0 

13  24-4 

13  487 

14  13*1 

H  37*5 

15  1-9 

15  a6'2 

15  50-6 

16  15 

16  39*4 

20  0 

10  0 

13  20 

13  45 

14  10 

H  35 

15  0 

15  25 

15  so 

16  15 

16  40 

>7  5 

30 

15 

13  40 

14  5-6 

14  31-2 

14.56-9 

15  22-5 

15  48-1 

16  137 

16  39-4 

>7  5 

17  30*6 

21  0 

30 

14  0 

14  26-2 

14  5^-5 

15  187 

'5  45 

16  11-2 

'6  37'5 

17  37 

17  30 

17  56-2 

30 

45 

14  20 

14  46-9 

15  13*7 

15  40*6 

16  7-5 

16  34-4 

17   I'2 

17  28*1 

17  55 

18  21*9 

22  0 

11  0 

1440 

15  7*5 

'5  35 

16   2*5 

16  30 

>6  57"5 

17  25 

17  S»-5 

18  20 

18  47-5 

30 

15 

IS  0 

15  28*1 

15  56-2 

16  24*4 

16  52-5 

17  20'6 

17  487 

18  16-9 

18  45 

19  13*1 

23  0 

30 

15  20 

15  48-7 

16  17-5 

16  46*2 

17  15 

17  437 

18  12*5 

18  41*2 

19  10 

19  38*7 

30 

45 

15  40 

16  9*4 

16  387 

17  8-1 

»7  37'5 

18  6*9 

18  362 

19  5-6 

>9  35 

2C  4-4 

24  0 

12  0 

16  0 

16  30 

17  0 

17  30 

18  0 

18  30 

19  0 

19  30 

20  0  20  30  1 

30 

15 

16  20 

i6  50*6 

17  21-2 

17  51-9 

18  22*5 

18  53-1 

19  237 

'9  54*4 

20  25  20  55*6 1 

2d  0 

30 

16  40 

17  II-2 

17  42-5 

18  137 

18  45 

19  16-2 

19  47*5 

20  187 

20  50 

21  2I*2| 

30 

45 

17  0 

17  31-9 

18   37 

18  35-6 

19  7-5 

19  39-4 

20  11*2 

20  43*1 

21  15 

21  46*o| 

26  0 

13  0 

17  20 

17  52-5 

18  25 

18  57*5 

19  30 

20  2-5 

20  35 

21  7-5 

21  40  ]22  12*5 

30 

15 

17  40 

18  13-1 

18  46'2 

19  194 

19  52-5 

20  15*6 

20  587 

21  31-9 

22   S  [22  38*1 

27  0 

30 

18  0 

18  337 

'9  7*5 

19  41*2 

io  15 

20  487 

21  22*5 

21  56-2 

22  30  23  3*7 

30 

45 

18  20 

18  54"4 

19  287 

20  yi 

io  37-5 

21  11*9 

21  46*2 

22  20*6 

22  55  23  294 

28  0 

14  0 

18  40 

19  15 

19  50 

20  25 

Z.I   0 

21  35 

22  10 

22  45 

23  20 

23  55 

30 

15 

19  0 

19  35-6 

20  II'2 

20  46*9 

11   22*5 

21  58*1 

22  337 

^3  9*4 

23  45 

24  20*6 

29  0 

30 

19  20 

19  56*2 

ao  32' 5 

21  87 

21  45 

22  21*2 

22  57*5 

^3  337 

24  10 

24  46*2 

30 

45 

19  40 

20  16*9 

20  537 

21  30*6 

22   7-5 

22  44-4 

23  21'2 

23  581 

24  35  ;25  1191 

30  0 

15  0 

20   Q 

20  37-5 

21  15 

21  52-5 

22  30 

23  7-5 

23  45 

24  22-5 

25  0  PS  37-5| 

TABLE  21 
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FOR  REDUCING  DAILY 

AND  TWELVE-HOURIi\ 

• 

'  VARIATIONS 

Inter- 
val 
24»» 

Inter- 
val 
IQia 

Variation  in  24*"  or  in  12*' 

21' 

22' 

23' 

24' 

2h         1 

l£ 

0" 

30" 

0" 

30" 

0" 

30" 

& 

tt 

30" 

0" 

30" 

Oh  o» 

Oh  0" 

o'   o" 

0'    0" 

0'  0" 

0'    0" 

0'  0" 

0'    0" 

0' 

0" 

0'    0" 

0'    0" 

0'    0' 

30 

15 

o  26*2 

0  26*9 

0  27-5 

0  28' I 

0  28*7 

0  29-4 

0 

30 

0  30-6 

0  31-2 

0  31  9 

i     0 

30 

0  52-5 

0  53*7 

0  55 

0  56'2 

0  57-5 

0  s8-7 

I 

0 

I       1-2 

I      2*5 

1     3  7 

30 

45 

I  18-7 

I    20-6 

1    22*5 

1  24-4 

I  26-2 

I  28*1 

I 

30 

1    31-9 

1  337 

I  3S'6 

2    0 

1     0 

»  45 

I  47'5 

I    50 

1  52-5 

I  55 

I  57*5 

2 

0 

2      2-S 

*     5 

2     7-5 

30 

15 

2  11*2 

2  14-4 

2    17-5 

2  20*6 

2  23-7 

2   26*9 

2 

30 

2    33-1 

2  36-2 

2  39*4 

3    0 

30 

*  37'5    a  4i*i| 

2  45 

2  487 

2  52-5 

2    S6'2 

3 

0 

3     37 

3     7-5 

3    II-2 

30 

45 

3     3*7 

3     8-1 

3  "'5 

3  16*9 

3   21'2 

3  »5-6 

3 

30 

3  34*4 

3  387 

3  43-1 

4    0 

2     0 

3  30 

3  35 

3  40 

3  45 

3  50 

3  55 

4 

0 

4    5 

4  10 

4  15 

30 

15 

3  56-* 

4     1-9 

4    7*5 

4  131 

4  i8-7 

4  24-4 

4 

30 

4  35'6 

4  4>-2 

4  469 

i>    0 

30 

4  a*-5 

4  28-7 

4  35 

4  41* 

4  47-5 

4  53-7 

5 

0      S       ^"2 

5  "5 

5  1X7 

30 

45 

4  487 

4  55-6 

5    »'5 

5    9'4 

5  i6-2 

5  »3*> 

5 

30 

5  36-9 

5  437 

5  50-6 

G    0 

3     0 

5  15 

5  "'5 

5  30 

5  37-5 

5  45 

5  5*'5 

6 

0 

6     7*5 

6  IS 

6    22'5 

30 

15 

5  41*2 

5  49*4 

5  57-5 

6    5-6 

6  13-7 

6  21*9 

6 

30 

6  38M 

6  46*2 

6  54-4 

7    0 

30 

6     7-5 

6  i6*2 

6  25 

6  337 

6  42-5 

6  51*2 

7 

0 

7     8-7 

7  17-5 

7  26-2 

30 

4r> 

6  33"7 

6  43"  I 

6  52-5 

7     1*9 

7    H'2 

7    20*6 

7 

30 

7  39*4 

7  487 

7  58-1 

8    0 

4     0 

7    0 

7  10 

7  20 

7  30 

7  40 

7  50 

8 

0 

8  10 

8  20 

8  30 

30 

15 

7  26-2 

7  36-9 

7  47*5 

7  58-1 

8     8-7 

8  19-4 

8 

30 

8  40*6 

8  si*2 

9     ''9 

9    0 

30 

7  52*5 

8     3-7 

8  15 

8  262 

8  37-5 

848-7 

9 

0 

9    11-2 

9  22- s 

9  337 

30 

45 

8  i8-7 

8  30-6 

8  42-5 

8  54*4 

9      6*2 

9  18-1 

9  30 

9  41-9 

9  537 

10     5-6 

10    0 

5     0 

8  45 

8  57-5 

9  10 

9  22*5 

9  35 

9  47'5 

10 

0 

10  12-5 

10   2S 

10  37-5 

30 

15 

9  11*2 

9  244 

9  37*5 

9  50-6 

10     3-7 

10  16*9 

10 

30 

10  43-1 

10    56-2 

II     94 

11     0 

30 

9  37*5 

9  51-2 

10     5 

10  18-7 

10  32-5 

10  46*2 

II 

0 

11  13*7 

11    27-5 

II  41-2 

30 

45 

10     3-7 

10  i8*i 

10  32*5 

10  46*9 

11       1*2 

II   is'6 

II 

30 

11  44-4 

II    S87 

12  13-1 

12    0 

G     0 

10  30 

10  45 

II     0 

II  IS 

II    30 

II  4S 

12 

0 

12  IS 

12    30 

12  45 

30 

15 

10  56*2 

II  11*9 

II  27-5 

II  43-1 

II    58-7 

12  14-4 

12 

30 

12  45-6 

13       1-2 

13  i6*9 

13    0 

30 

11    22*5 

II  38-7 

»«  55 

12    11-2 

12    27-5 

12  43-7 

13 

0 

13    l6'2 

13  32-S 

13  48-7 

30 

45 

II    487 

12     5'6 

12    22*5 

»2  39*4 

12    56-2 

13  13-1 

»3 

30 

13  46-9 

H    37 

14  20-6 

14    0 

7     0 

12    15 

12  32-5 

12    50 

^3     7-5 

«3  as 

13  4»*5 

H 

0 

14  I7-S 

'4  35 

14  S2-5 

30 

15 

12   41*2 

I*  59'4 
13  z6-2 

13    17-5 

13  35-6 

»3  53'7 

14  ii'9 

H 

30 

14  48-1 

IS     6-2 

X5  *4-4 

15    0 

30 

13     7*5 

13  45 

14     3-7 

14  225 

14  41-2 

>5 

0 

15  i8-7 

»5  375 

15  s6-2 

30 

45 

>3  33*7 

'3  53' 

14    I2'5 

'4  3'-9 

14  51-2 

IS  10-6 

15 

30 

16  49-4 

16     8-7 

16  27-1 

16    0 

8     0 

14    0 

14  20 

14  40 

15     0 

IS  20 

IS  40 

16 

0 

16  20 

16  40 

17    0 

30 

15 

14  26*2 

14  46-9 

15     7*5 

IS  28*1 

IS  48-7 

16    9-4 

16 

30 

16  50*6 

17    II-2 

17  31*9 

17    0 

30 

14  5»'5 

15  137 

'5  35 

15  562 

16     7-s 

16  38-7 

x7 

0 

17  21-2 

17  4S-5 

18     37 

30 

45 

15  i8-7 

15  40-6 

16    2-5 

16  24*4 

16  46*2 

17     8-1 

17 

30 

17  51-9 

18  13-7 

18  35*6 

18    0 

9    0 

'5  45 

16   rs 

16  30 

16  52-5 

17  15 

'7  37*5 

18 

0 

18  22*5 

18  4S 

19     7-5 

30 

15 

16    II'Z 

16  34-4 

16  57*5 

17   20-6 

»7  43*7 

18     6-9 

18 

30 

18  S3-1 

19    l6'2 

'9  394 

19    0 

30 

16  37-5 

17       1-2 

17  25 

17  48*7 

18  12-5 

18  36-2 

19 

0 

19  23-7 

»9  47-5 

20    11*2 

30 

46 

17     3-7 

17  »8'i 

17  52-5 

18  16*9 

18  41*2 

19     s-6 

'9 

30 

'9  54-4 

zo  i8'7 

20  43*1 

20    0 

10    0 

17  30 

»7  55 

18  20 

18  4S 

19  10 

'9  35 

20 

0 

20    2S 

20  s© 

21  15 

30 

15 

17  56*2 

18  21*9 

18  47-5 

19  13-1 

19  38-7 

20    4-4 

20 

30 

20  S5'6 

21  21-2 

21  46-9 

21    0 

30 

]8  22-5 

18  48*7 

19  15 

19  41'2 

20     7-s 

20  33-7 

21 

0 

21  26-2 

21  S2-5 

22  187 

30 

45 

18  48-7 

19  ]5'6 

19  42-5 

20    9*4 

20  36*2 

21     3'i 

21 

30 

21  s6*9 

22  23-7 

22  50-6 

22    0 

U     0 

19  IS 

19  42-5 

20  10 

20  37-5 

21     5 

21  32-s 

22 

0 

22  27*s 

22  S5 

23    22*5 

30 

15 

19  41*2 

20    9 '4 

20  37*5 

21     y6 

21  33-7 

22     1*9 

22 

30 

22  s8'i 

23  20*2 

23   54  4 

23    0 

30 

20   rs 

20  36*2 

21     5 

21  33-7 

22     2*5 

22  31*2 

23 

0 

23  28*7 

13  57*5 

24  26-2 

30 

45 

20  33-7 

21     3'i 

21  32*5 

22     1*9 

22  31*2 

23    o'6 

13 

30 

13  59'4 

24  28*7 

24  58-1 

24    0 

12     0 

21      0 

21  30 

22     0 

22  30 

23    0 

23  30 

14 

0 

24  30 

2S    0 

25  30 

30 

15 

21    26*2 

21  56'9 

22  27-5 

22  58-1 

23  28-7 

23  59'4 

24  30 

25     0-6 

25  311 

26     1*9 

25    0 

SO 

XI  52-5 

22  23-7 

22  55 

23  26*2 

^3  57*5 

24  28-7 

^5 

0 

25  31*2 

26      2-S 

26  337 

30 

45 

22  i8*7 

22  50*6 

23  22-5 

a  3  54*4 

24  26*2 

24  s8-i 

15 

30 

26     1*9 

26  33-7 

»7     5-6 

26    0 

13    0 

22   45 

23  17-5 

23  50 

24  22*  s 

24  55 

25  27*5 

26 

0 

26  32's 

27    5 

27  37'5 

30 

15 

23    11*2 

23  44-4 

24  17-5 

24  so'6 

25  23-7 

25  569 

26 

30 

27     3*1 

17  36-2  28    9-4! 

27    0 

30 

»3  37*5 

24    11*2 

1445 

25  i8-7 

25  5»"5 

26  26*2 

47 

0 

27  337 

28    7*5 

28  41-2 

30 

45 

24    3-7 

24    38*1 

25    12-5 

25  469 

26   2f  2 

26  55*6 

27 

30 

28     4-4 

28  387 

29   131 

28    0 

14    0 

H  30 

»5    5 

25  40 

26  IS 

26  SO 

27    2S 

28 

0 

28  35 

29.  10 

29  45 

30 

15 

24  56-2 

25  31-9 

26  rs 

26  43*1 

27  i8«7 

27  54*4 

28 

30 

29     5-6 

29  41*2 

30  16-9 

29    0 

30 

15   22-5 

25  58-7 

26  35 

27    11'2 

27  47-5 

28  23*7 

29 

0 

29  36-2 

30  12-S 

30  48-7 

30 

1       45 

15  48-7 

26  25-6 

27     2-5 

27  39-4 

28    l6-2 

28  53-1 

29 

30 

30     69 

30  43-7 

31    20-6 

30    0 

|15     0 

26  15 

26  52*5 

27  30 

28     7*5 

28  4S 

29    22' S 

30 

0 

3^  37-5 

V  '5 

31  5*5 

60S 

TABLE  21 

FOR  REDUCING  DAILY  AND  TWELVEHOURLY  VARIATIONS                  1 

Variation  in  24i>  or  in  12^                                                             1 

Inter- 

Tntpr- 

1 

Vill 

vnl 

26'           1 

27' 

28'         1 

29' 

30'         1 

2^ 

12"* 

0" 

30" 

0" 

30" 

0" 

30" 

0" 

30" 

r 

30" 

Oh  O™ 

Oh  0" 

o'    o" 

0'    0" 

0'   0" 

0'  0" 

0'    0" 

0'    0" 

0'   0" 

0'    0" 

0'  0" 

</    0" 

30 

15 

o  32-5 

0  33"i 

0  33-7 

0  34-4 

0  3S 

0  3S-6 

0  36-2 

0  36-9 

0  37-5 

0  38-1 

1    0 

30 

I     5 

I       6'2 

I     7-s 

I     8-7 

I  10 

I  11*2 

I    I2*S 

I  137 

I  15 

I   i6'a 

30 

45 

«  37*5 

I  394 

I  41*2 

I  43*1 

I  45 

I  46-9 

I    48-7 

I  so-6 

I  S2S 

I  54*4 

2    0 

1     0 

%    10 

2    12*5 

2  IS 

2  17-5 

2  20 

2   22-S 

2   2S 

a  27-5 

2  30 

2  32-5 

30 

15 

a  42-5 

2  45-6 

2  48-7 

2  si-9 

*  55 

2  s8*i 

3     1-2 

3    4-4 

3   rs 

3  io'6 

3    0 

30 

3  ^5 

3  i8'7 

3  "'5 

3    26'2 

3  30 

3  33*7 

3  37*5 

3  41*2 

3  45 

3  48-7 

30 

45 

3  47*5 

3  5^9 

3  56'* 

4    0*6 

4    S 

4    9*4 

4  137 

4  i8'i 

4  22-S 

4  26-9 

4     0 

2    0 

4  AO 

4  15 

4  30 

4  35 

4  40 

4  45 

4  50 

4  55 

5  0 

5     5 

30 

15 

4  5^-5 

4  58-1 

5     3*7 

5     9*4 

5  15 

S  20-6 

S  26*2 

5  3>'9 

5  37*5 

5  43-1 

6     0 

30 

5  as 

5  3i-» 

5  37*5 

5  43*7 

5  50 

5  56-2 

6    2's 

6    8-7 

6  15 

6  21-2 

30 

45 

5  57*5 

6    4-4 

6    11*2 

6  i8-i 

6  2S 

6  31*9 

6  38-7 

6  45-6 

6  S2-S 

6  59"4- 

6    0 

3    0 

6  30 

6  37-5 

6  4S 

6  S2-5 

7     0 

7    7-5 

7  IS 

7  22-5 

7  30 

7  37-5 

SO 

15 

7    a*5 

7  io*6 

7  i8-7 

7  26-9 

7  35 

7  43*i 

7  51*2 

7  59-4 

8    7-5 

8  is'6 

7    0 

30 

7  35 

7  43'7 

7  5*-5 

8     1-2 

8  10 

8  i8-7 

8  27-5 

8  36-2 

845 

8  53'7 

30 

45 

8     7-5 

8  16*9 

8  26*2 

835-6 

8  4S 

8  54-4 

9    3-7 

9  J3-I 

9  aa'S 

9  31*9 

8    0 

4    0 

8  40 

8  50 

9    0 

9  10 

9  20 

9  30 

9  40 

9  50 

10    0 

10  10 

30 

15 

9  "'5 

9  23-1 

9  33'7 

9  44*4 

9  55 

10    5-6 

10  16*2 

10  26-9 

10  37-5 

10  48-1 

9    0 

30 

9  45 

9  562 

10    7-s 

10  18-7 

10  30 

10  41-2 

10  S2-5 

11     37 

II  15 

II  a6*2 

30 

45 

10  17-5 

10  29-4 

10  41*2 

10  S3'i 

"    5 

II  16*9 

II  28-7 

II  40-6 

II  S2-5 

12    4«4 

10    0 

5    0 

10  50 

II      2*5 

II  IS 

II  27-5 

II  40 

II  S2-S 

12    s 

12  17-5 

12  30 

12  42-5 

30 

15 

II    22*5 

II  35-6 

II  487 

12     1*9 

12  IS 

12   28-1 

12  41-2 

12  S4-4 

13  rs 

13  20-6 

tl     0 

30 

"  55 

12    87 

12   22»S 

12  36-2 

12  so 

13       3-7 

13  17-5 

13  31-a 

13  45 

13  587 

SO 

45 

12   27*5 

12  41-9 

12    S^'2 

13  IO-6 

13    2S 

13  39-4 

13  537 

14    8*1 

14  22-S 

14  36-9 

12     0 

0    0 

13      0 

13  15 

13    30 

M  45 

14    0 

14  IS 

H  30 

1445 

15  0 

'5  IS 

30 

15 

'3  3a-5 

13  48-1 

'4     3'7 

14  19-4 

H  35 

14  so-6 

15     6-2 

IS  21-9 

15  37'5 

15  S3-I 

13    0 

30 

H    5 

14  2r2 

14  37*5 

H  53*7 

IS  10 

IS  26*2 

'1  ^-'5 

IS  587 

16  IS 

16  31-2 

30 

45 

H  37*5 

H  54*4 

IS  11*2 

15  28-1 

IS  45 

16     1*9 

16  18-7 

16  35*6 

16  S2*s 

17    9-4 

14    0 

7    0 

15  10 

IS  27-5 

15  45 

16    2-5 

16  20 

'6  37*5 

16  S5 

17  12*5 

17  30' 

17  47*5 

30 

15 

15  4»*5 

16    0*6 

16  i8'7 

16  36*9 

16  S5 

17  13-1 

17  31-2 

17  49*4 

18    7-s 

18  2S-6 

15     0 

30 

16  15 

16  33*7 

16  525 

17    11-2 

17  30 

17  487 

18     7-5 

18  26*2 

18  4S 

19     3-7 

30 

45 

16  47-5 

17     6-9 

17  26*2 

17  45*6 

18    s 

18  24*4 

18  43-7 

19     31 

19   22*S 

19  419 

16     0 

8     0 

17  20 

17  40 

18    0 

18  20 

18  40 

19    0 

19  20 

19  40 

20      0 

20  20 

30 

15 

»7  5a-5 

18  13*1 

18  33*7 

18  54-4 

19  IS 

19  3S-6 

19    S6*2 

20  i6*9 

20   37-S 

20  58-1 

17    0 

30 

18  25 

18  46-2 

19     7-s 

19  28*7 

19  so 

20    1 1-2 

20    32-5 

20  S37 

21    IS 

21  36-2 

30 

45 

«8  57*5 

19  194 

19  41-2 

20     3*1 

20   2S 

20  46*9 

21     8*7 

21  30-6 

21    S2-5 

22  144 

18     0 

0    0 

19  30 

19  52-5 

20  IS 

20  37-5 

21      0 

21    22*5 

21  45 

22     7-5 

22    30 

22  52-5 

30 

15 

20      2' 5 

20  25*6 

20  48*7 

21  11*9 

21  35 

21  s8*i 

22  21*2 

22  44-4 

*3     7*5 

23  30*6 

19    0 

30 

20    35 

20  58-7 

21    22*S 

21  46*2 

22    10 

22   33-7 

22  S7-5 

23    21-2 

13  45 

24    >7 

30 

45 

21     7-5 

21  31*9 

21    56*2 

22  20*6 

22  45 

23     9-4 

23  337 

23  s8*i 

24  22-5 

2446*9 

20    0 

10    0 

21    40 

22     s 

22    30 

22  ss 

23    20 

23  45 

24  10 

24  35 

2S      0 

25  25 

30 

15 

22    12*5 

22  38*1 

*3     3*7 

23  29*4 

23  55 

24  20-6 

2$  46-2 

2S  II-9 

»s  37-5 

26     3*1 

21     0 

30 

22   45 

23    11*2 

23  37-5 

24    3-7 

24  30 

24  s6-2 

25    22-S 

25  487 

26  IS 

26  41-2 

30 

45 

23    17-5 

^3  44'4 

24    II'2 

24  38-1 

^5     5 

25  31*9 

25  587 

26  25*6 

26  52-s 

27  19*4 

22     0 

11     0 

*3  50 

24  17-5 

M  45 

2S    I2S 

25  40 

26    7-s 

26  3S 

27      2-S 

27  30 

27  57-5 

30 

15 

24  22*5 

24  50*6 

2S  i8-7 

25  46-9 

26  IS 

26  43-1 

27    11-2 

27  39*4 

28    7-s 

28  35-6 

23     0 

30 

H  55 

2S    23-7 

*5  5a"5 

26    21-2 

26  so 

27  187 

27  47*5 

28    l6*2 

2845 

29  137 

30 

45 

25  27-5 

2S  s6-9 

26  26-2 

26  S5*6 

27  2S 

27  54*4 

28  23-7 

28  S3-' 

29   22-S 

29  si*9 

24    0 

12    0 

26    0 

26  30 

27    0 

27  30 

28    0 

28  30 

29    0. 

29  30 

30    0 

30  30 

30 

15 

26  32*5 

27     3-x 

27  33*7 

28    4-4 

28  35 

29     5*6 

29  36*2 

30    69 

30  37-5 

31     8-1 

25     0 

SO 

*7    5 

27  36-2 

28     7-s 

28  38-7 

29  10 

29  41*2 

30    I2-S 

30  437 

31 15 

31  46*2 

30 

45 

17  37*5 

28    94 

28  41*2 

29  13-1 

29  45 

30  i6*9 

30  48-7 

31    20'6 

31 52-5 

32  24-4 

26    0 

13    0 

28  10 

28  42- s 

29  15 

»9  47-5 

30  20 

30  S2^S 

31    2S 

31  57-5 

32  30 

33    2-5 

30 

15 

z8  42*5 

29     s-6 

29  48-7 

30    21*9 

30  55 

31  28-1 

32      1-2 

32  34> 

33   rs 

33  40*6 

27    0 

^ 

29  IS 

29  48-7 

30   22»S 

30  56*2 

31  30 

32     3-7 

32  37*s 

33  "-a 

33  45 

34  187 

,«?2 

45 

i9  47*5 

30  21*9 

30  s^'* 

31  30-6 

3»    5 

Z^  39*4 

33  137 

33  48-1 

34  22-5 

34  569 

28  'O 

14     0 

30  20 

30  55 

31    30 

32     5 

32  40 

33  15, 

33  50 

34  2S 

35     0 

35  35 

30 

15 

30  52-5 

31  28'l 

32       3-7 

3a  39*4 

33  15 

33  50-6 

34  26*2 

35     i'9 

35  37*5 

36  13M 

29    0 

30 

31  25 

32      1*2 

3*  37'5 

33  137 

33  50 

34  26*2 

35     2*5 

35  38-7 

36  IS 

36  512 

30 

45 

31  57-5 

3*  34*4 

33  "'a 

33  48*1 

34  25 

35     i'9 

35  387 

36  156 

36  S2S 

37  29-4 

30    0 

15    0 

32  30 

33  rs 

33  45 

34  22-5 

35    0 

35  37*5 

36  IS     I36  S2-5 

37  30 

38     7-5 
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LOGARITHMS  FOR  REDUCING  DAILY  VARIATIONS         1 

mo. 

or 
Sec. 

Hours,  Degrees,  or  Minutes 

Min. 

or 

Sec. 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

3802 

3795 
3788 
3780 

3773 
3766 

3759 
3752 

3745 
3737 

11 

0 
1 
2 
3 
4 
5 
6 

7 
8 
9 

3' 1584 
2-8S73 

2*68]2 

2-5563 

2*4594 
2*3802 

2-3133 

2-2553 

2*2041 

1-3802 
1-3730 
1-3660 
1*3590 
13522 

'•3454 
1*3388 

1*3323 
1*3259 

1-3195 

1-0792 
1*0756 
1*0720 
1*0685 
1*0649 
1*0614 
1-0580 
1*0546 
1*05x2 
1-0478 

9031 
9007 
8983 
8959 

8935 
89x2 

8888 

8865 

8842 

8819 

7781 
7763 

7745 
7728 

7710 

7692 

7674 

7657 

7639 

7622 

6812 
6798 
6784 
6769 

6755 
6741 

6726 

6712 

6698 

6684 

6021 
6009 

5997 

5985 

5973 
5961 

5949 
5937 
59*5 
5913 

5351 
5341 
5330 

5320 
53 'o 
5300 
5289 

5279 
5269 

5259 

4771 
4762 

4753 

4744 

4735 
4726 

4717 
4708 
4699 
4690 

4260 
4252 

4244 
4236 

4228 

4220 

4212 

4204 

4196 

4x88 

3388 
3382 

3375 
3368 

3362 

3355 
3349 
3342 
333* 
3329 

0 
1 
2 
3 
4 
5 
6 

7 

8 
9 

10 
U 
12 
13 
14 
15 
16 

17 
18 
19 

2*1584 
2*1170 
2*0792 
2-0444 
2*0x22 

1*9823 
1*9542 
1-9279 
1-9031 

1-879^ 

1*3133 
1*3071 

1*3010 

1-2950 

1-2891 

1-2833 

1*2775 
1-2719 

1-2663 

1-2607 

1-0444 
1*0411 
1-0378 
1-0345 
1*0313 
1*0280 
1-0248 
1-02x6 
1-0185 
1-0153 

8796 
8773 

8751 
8728 
8706 
8683 
866  X 
8639 
8617 

8595 

7604 

7587 
757G 
7552 

7535 
7518 

7501 

7484 
7467 

745" 

6670 
6656 
6642 
6628 
6614 
6600 
6587 
6573 

6546 

5902 
5890 
5878 
5866 

5855 

5843 
5832 

5820 
5809 
5797 

5249 

5239 
5229 

5219 

5209 

5199 
5189 

5^79 
5169 

5159 

4682 

4673 
4664 

4655 
4646 

4638 

4629 

4620 

4611 

4603 

4180 
4172 
4164 
4x56 
4148 
4141 

4133 
4125 

4117 

4109 

4102 
4094 
4086 
4079 
4071 
4063 

4055 
4048 

4040 

4032 

3730 

3723 
37x6 

3709 
3702 

3695 

3688 

368  X 

3674 

3667 

3323 
3316 

33x0 

3303 

3297 
3291 

3284 
3278 
327  X 
3265 

10 
11 
12 
13 
14 
15 
16 

17 
18 

19 

20 
21 
22 
23 
24 
25 
26 

27 

28 

29 

1*8573 
1*8361 

1*7966 
1-7782 
1-7604 

«'7434 
1-7270 

1*7112 

1*6960 

1*2553 
1-2499 
1-2445 
1-2393 
1*2341 
1-2289 

1*2239 

1*2188 
1*2139 

1-2090 

1*0122 
1-0091 
1*0061 
1*0030 
i-oooo 
0-9970 
0*9940 
0-9910 
0-9881 
0*9852 

8573 
8552 

8530 

8509 

8487 
8466 

8445 

8424 
8403 

8382 

7434 
7417 
7401 

7384 

7368 

7351 

7335 
7318 

7302 

7286 

6532 
6518 
6505 
6492 
6478 
6465 
6451 
6438 
6425 
6412 

5786 

5774 
5763 
5752 
57AO 
5729 
5718 
5706 

5695 
5684 

5H9 

5'39 
5"9 
5120 
51x0 
5100 
5090 
5081 
5071 
5061 

4594 

4585 

4577 
4568 

4559 
4551 
4542 

4534 

4525 
4516 

3660 

3653 
3646 

3639 
3632 

3625 

36x8 

36x1 

3604 

3597 

3258 
3252 
3246 

3239 

3233 
3227 

3220 

3214 

3208 

3201 

20 
21 
22 
23 
24 
25 
26 

27 

28 
29 

30 
31 
32 
33 
34 
35 
36 

37 
38 
39 

1*6812 
1*6670 
1*6532 
1*6398 
1*6269 
1-6143 
I -602 1 
1-5902 
1-5786 
1-5673 

1-2041 

1-1993 
1-1946 
1*1899 

1-1852 
i'i8o6 
1*1761 
1*1716 
1-1671 
1-1627 

0*9823 

0-9794 
0*9765 
0-9737 

0*9708 
0*9680 
0-9652 
0-9625 

0-9597 
0*9570 

8361 
8341 
8320 
8300 
8279 

8259 
8239 

8219 

8199 

8x79 

7270 

7254 
7238 

7222 

7206 

7190 

7174 

7159 

7143 
7128 

6398 

6385 
6372 
6359 
6346 
6333 
6320 
6307 
6294 
6282 

5673 
5662 

5651 

5640 

5629 

5618 

5607 

559« 
5585 
5574 

505  X 
5042 
5032 
5023 
5013 
5003 

4994 

4984 

4975 
4965 

4508 

4499 
4491 

4482 

4474 
4466 

4457 

4449 
4440 

4432 

4025 
4017 
4010 
4002 

3994 

3987 

3979 
3972 

3964 
3957 

3590 
3583 
3576 
3570 

3563 
3556 

3549 
3542 

3535 
3529 

3195 
3189 

3183 
3176 
3170 
3164 
3157 
3151 
3145 
3>39 

30 
31 
32 
33 
34 
35 
36 

37 
38 
39 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

1*5563 
1-5456 

'•53S« 

1-5249 

i-5>49 

1*5051 

1-4956 
1-4863 

1-4771 
1-4682 

1-1584 
1-1540 
1-1498 

'•1455 
1-1413 

1-1372 

1*1331 

1*1290 

1*1249 

I- 1209 

0-9542 
0-9515 

0-9488 

0-9462 

o'9435 
0-9408 

0*9382 

09356 

0-9330 

0*9305 

8159 
8140 
8120 
8101 
8081 
8062 
8043 
8023 
8004 

7985 

7112 

7097 
7081 
7066 
7050 
7035 
7020 
7005 
6990 

6975 

6269 
6256 
6243 
6231 
6218 
6205 
6193 
6180 
6168 
6155 

5563 

5552 

5541 

5531 
5520 

5509 
5498 
5488 

5477 
5466 

4956 

4947 
4937 
4928 
4918 
4909 
4900 
4890 
48S1 
4872 

4424 

44>5 
4407 

4399 
4390 

4382 

4374 
4365 
4357 
4349 

3949 
3942 

3934 

3927 

3919 
3912 

39^5 

3897 
3890 

3S82 

3522 

35'5 
3508 

3501 

3495 
3488 

3481 

3475 
3468 

3461 

3454 
3448 

344» 
3434 
3428 
3421 

3415 
3408 

3401 

3395 
3388 

10 

3x33 
3x26 
3120 

3"4 
3x08 

3102 

3096 

3089 

3083 

3077 

307  X 
3065 

3059 
3053 
3047 
3041 
3034 
3028 
3022 
3016 
3010 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

50 
51 
52 
53 
54 
55 
56 

57 
58 
59 
60 

»'4594 
1*4508 

1*4424 

1*4341 
1*4260 

1*4180 

1*4102 

1-4025 

i'3949 

'•3875 
1-3802 

i'ii7o 
1-1130 
1*1091 
11053 
1*1015 
1*0977 
1*0940 
1-0902 
1*0865 
1*0828 
1-0792 

0*9279 
0-9254 
0*9228 
0*9203 
0-9178 
0*9153 
0*9128 
0*9x04 
0-9079 
0-9055 
0*9031 

7966 

7947 
7929 

79x0 

7891 

7873 

7854 
7836 

7818 

7800 

7781 

6960 
6945 
6930 
6915 
6900 
6885 

6871 
6856 
6841 
6827 
6812 

6143 
613X 
6118 
6106 
6094 
608  X 
6069 

6057 
6045 
6033 

6021 

5456 

5445 

5435 

5424 

54J4 

5403 

5393 
5382 

5372 
5361 

535> 

4863 

4853 
4844 

4835 
4826 

48x7 

4808 

4798 

4789 
4780 

477  X 

4341 

4333 

4324 

43J6 
4308 

4300 

4292 
4284 
4276 
42-68 
4260 

3875 
3S68 

3860 

3853 
3846 

3838 

3831 

3824 

38x7 

3809 

3802 

50 
51 
52 
53 
54 
55 
56 

57 
58 
69 
60 

u 

0 

1 

2 

3    4 

5 

6 

7 

8 

9 

11 

R  R 


610 


TABLE  21  A 


LOGARITHMS  FOR  REDUCING  DAILY  VARIATIONS        | 

Min 
or 

Sec 

Hours,  Degrees,  or  Minutes 

llta. 

or 
Sec. 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

0 
1 
2 
3 

4 
5 
6 

7 

8  < 
9 

3010 
3004 
2998 
2992 
2986 
2980 
2974 
2968 
2962 
2956 

2663 
2657 
2652 
2646 
2640 
2635 
2629 
2624 
2618 
2613 

2341 
2336 

2330 

2325 
2320 

»3i5 
251C 

2505 

2300 

2295 

204  X 
2036 
2031 
2027 
2022 
20x7 

2012 
2008 
2003 
X998 

176X 

X756 
1752 

1747 

«743 
X738 

1734 
1729 

1725 

1720 

"498 
"493 
1489 

"485 
148 1 

X476 

X472 

1468 

1464 

"459 

1249 

"245 
X24X 

"237 
1233 
1229 
X225 

1221 
X2I7 
I213 

10x5 

XCII 

1007 
1003 

0999 

0996 

0992 

0988 

0984 

0980 

0792 
0788 
0785 
0781 
0777 
0774 
0770 
0767 
0763 
0759 

0580 
0576 

0573 
0570 

0566 

0563 

0559 
0556 

0552 

0549 

0378 

0375 
0371 

0368 

0365 

0361 

0358 

0355 
0352 

0348 

0185 
0x82 
C179 
0x75 
0x72 
0169 
0x66 
0163 
cx6o 
0x57 

0 
1 

2 
3 
4 
6 
6 

7 
8 
9 

10 
U 
12 
13 
14 
16 
16 

17 
18 

19 

2950 

2944 
2938 

2933 
2927 

2921 

29x5 

2909 

2903 

2897 

2607 
2602 
2596 
2591 
2585 
2580 

2574 
2569 

2564 
2558 

2289 
2284 
2279 
2274 
2269 
2264 

2259 
2254 
2249 
2244 

1993 
X988 
1984 

"979 

"974 
X969 

1965 

i960 

>955 
1950 

X716 
171X 
1707 
1702 
1698 
1694 
X689 
1685 
x68o 
X676 

"455 

"45" 

"447 

"443 

"438 

"434 
X430 

1426 

X422 

14x7 

1209 
1205 
I20I 

""97 

""93 
XX89 

X185 

xx8i 

1x78 

""74 

0977 
0973 

0969 

0965 

0962 

0958 
0954 
0950 
0947 

0943 

0756 

0753 
0749 

0745 
0741 

0738 
0734 

073" 

0727 

0724 

0546 
0542 
0539 

0535 
0532 

0528 

0525 

0522 

05x8 

0515 

0345 
034a 

0339 

0335 

0332 

0329 

0326 

0322 

03x9 

03x6 

0x53 
0x50 
0147 
0x44 
0x41 
0138 

o"35 
0132 

0128 

0125 

10 
II 
12 
13 
14 
15 
16 

17 
18 
19 

20 
21 
22 
23 
24 
25 
26 

27 

28 
20 

2891 
2885 
2880 

2874 
2868 

2862 

2856 

2850 

2845 

2839 

2553 

2547 
2542 

2536 

2531 

2526 

2520 

2515 

2510 

2504 

2239 
2234 
2229 
2223 
22X8 
22x3 
2208 
2203 
2198 
2193 

1946 
194X 
X936 
1932 
1927 
1922 
X917 
1913 
1908 
1903 

167X 
1667 
X662 
1658 
1654 
X649 
1645 
X640 
1636 
X632 

1413 
X409 
1405 
140 1 

"397 
"392 
X388 

1384 
1380 
X376 

1170 
X166 
1x62 
X158 

""54 
1150 

X146 

X142 

1138 

""34 

0939 

0935 
0932 

0928 
0924 
0920 

09x7 
0913 

0909 

0905 

0720 
07x6 
07x3 
0709 
0706 
0702 
0699 
0695 
0692 
0688 

05  XX 
0508 
0505 
050  X 

0498 

0495 
0491 

0488 

0484 

0481 

«>3"3 
0309 

0306 

0303 

0300 

0296 

0293 

0290 

0287 
0283 

0122 
0119 
0116 
0x13 

OXIO 

0107 
0104 

OXOX 

C098 

0094 

20 
21 
22 
23 
24 
25 
26 

27 
28 
29 

30 
31 
32 
33 
34 
35 
36 

37 

38 
39 

2833 
2827 
2821 
2816 
2810 
2804 
2798 
2793 

2787 
2781 

2499 

^493 
2488 

2483 

2477 
2472 
2467 
2461 
2456 

2451 

2188 
2x83 
2178 

2173 

2x68 
2163 
2159 
2154 
2149 
2x44 

X899 
1894 
1889 
X885 
x88o 

1875 
1871 
]866 
X862 
X857 

1627 
1623 
16x8 
16x4 
16x0 
X605 
x6ox 

1597 
X592 

1588 

"372 
1368 
1363 

"359 
"355 
"35" 
"347 
"343 
"339 
"335 

XI 30 
XX26 
X123 
XXX9 

"""5 

XIXX 

1107 
1x03 

X099 
1095 

0902 

0898 

0895 

0891 
0887 
0883 
0880 
0876 
0872 
0868 

0685 
0681 
0677 
0674 
0670 
0667 
0663 
0660 
0656 
0653 

0478 
0474 
0471 

0468 
0464 
0461 

0458 
0454 

045  X 

0447 

0280 
0277 
0274 
0271 
0267 
0264 
0261 
0258 
0255 
0251 

009  X 

0088 
0085 
0082 

0079 

0076 

0073 

0070 
0067 
0064 

30 
31 
32 
33 
84 
35 
36 

37 
88 
39 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

50 
51 
52 
53 
54 
55 
56 

67 
58 
69 
60 

2775 
2770 

2764 
2758 

2753 
2747 

2741 

2736 

2730 

2724 

2445 
2440 

2435 
2430 

2424 

2419 

2414 

2409 

2403 

2398 

2139 
2134 
2129 
2x24 
2119 
2x14 
2x09 
2104 
2099 
2095 

1852 
1848 
1843 
1838 
1834 
X829 
1825 
1820 
1816 

1584 

"579 
"575 
"57" 
1566 

1562 

"558 
"553 
"549 
"545 

"33" 
X326 

1322 

1318 

"3"4 
1310 

X306 

1302 

1298 

1294 

X09I 
X088 
X084 
X080 

X076 
X072 

1068 

1064 
1060 

1057 

0865 
0861 
0858 
0854 

0850 
0846 

0843 
0839 

0835 

0832 

0649 
0646 
0642 
0639 
0635 
0632 
0628 
0625 
0621 
0618 

0444 
0441 

0438 

0434 
0431 

0427 

0424 

0421 
0418 

0414 

0248 
0245 
0242 
0239 
0235 
0232 
0229 
0220 
0223 
0220 

006  X 

0058 

005s 

0052 
0048 
0045 

0042 

0039 

0030 

0033 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

2719 
2713 
2707 
2702 
2696 
2690 
2685 
2679 
2674 
2668 
2663 

2393 
2388 

2382 

2377 

2372 

2367 

2362 

2356 

2351 

2346 

2341 

2090 
2085 
2080 
2075 
2070 
2065 
2061 
2056 
2051 
2046 
2041 

1806 
1802 
1797 
X793 
X788 
1784 
1779 

1774 
1770 

1765 

X76X 

1540 
X536 
X532 

1527 

"523 
1519 

"S"5 
X510 

X506 

1502 

1498 

1290 
X286 
X282 
1278 
1274 
1270 
1265 
1261 

"257 

"253 
X249 

"053 

1049 

1045 

X04X 

X037 
"034 

X030 
X026 
1022 
1018 
IOI5 

0828 

0824 
0821 
0817 
0814 
0810 

0806 

0803 

0799 
0795 

0792 

0614 
06 IX 
0608 
0604 
0601 
0597 
0594 
0590 
0587 
0583 
0580 

041 1 
0408 

0404 

0401 

0398 
0394 
0391 
0388 
0384 

0381 

0378 

0216 
02x3 
02x0 
0207 
0204 
020  x 
C197 
0194 
0x91 
0x88 
0185 

0030 
0027 
0024 
0021 
0018 
COI5 
0012 
0009 
0006 
0003 
[0000 

50 
61 
52 
63 
64 
55 
56 

57 
68 
69 
60 

12 

13 

14 

15 

16 

17 

18 

19 

20  1  21 

22 

23 

_ 
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FOR  REDUCING  THE  MOON'S  DECLINATION           1 

M 

Difference  for  \0«^                                                          1 

10" 

20" 

30" 

40" 

60" 

60" 

70" 

80" 

90" 

100" 

110" 

120" 

130" 

1 

o'  l" 

0'  2' 

'  0'  3' 

'0'  4' 

'  0'  5' 

'  0'  6' 

'  0'  7' 

'  0'  8' 

'0'  9' 

'  0'  xo' 

'  0'  IX"  o'  12' 

0  13 

2 

o  a 

0  4 

0  6 

0  8 

0  10 

0  X2 

0  14 

0  16 

0  x8 

0  20 

0  22 

0  24 

0  26 

3 

o  3 

0  6 

0  9 

0  12 

0  i<j 

0  18 

0  21 

0  24 

0  27 

0  30 

0  33 

0  36 

0  39 

4 

o  4 

0  8 

0  X2 

0  x6 

0  20 

0  24 

0  28 

0  32 

0  36 

0  40 

0  44 

0  48 

0  52 

5 

o  5 

0  10 

0  x5 

0  20 

0  25 

0  30 

0  35 

0  40 

0  45 

0  50 

0  55 

X  0 

I  5 

6 

o  6 

0  12 

0  x8 

0  24 

0  30 

0  36 

0  42 

0  48 

0  54 

I  0 

I  6 

I  X2 

I  18 

7 

o  7 

^  '4 

0  21 

0  28 

0  35 

0  42 

0  49 

0  56 

I  3 

I  xo 

I  17 

I  24 

'  3" 

8 

o  8 

0  16 

0  24 

0  32 

0  40 

0  48 

0  56 

»  4 

X  X2 

X  20 

I  28 

I  36 

X  44 

9 

o  9 

0  18 

0  27 

0  36 

0  45 

0  54 

I  3 

I  12 

X  21 

I  30 

I  39 

I  48 

>  57 

10 

o  xo 

0  20 

0  30 

0  40 

0  50 

I   0 

I  XO 

X  20 

I  30 

X  40 

I  50 

2   0 

2  10 

11 

O  II 

0  22 

0  33 

0  44 

0  55 

I  6 

I  17 

I  28 

I  39 

I  50 

2   X 

2  12 

2  23 

13 

O  12  O  24 

0  36 

0  48 

X  0 

X  12 

X  24 

X  36 

I  48 

2   0 

2  12 

2  24 

2  36 

\:i 

0  13 

0  26 

0  39 

0  52 

'  5 

X  18 

X  31 

X  44 

I  57 

2  XO 

2  23 

2  36 

2  49 

N 

0  14 

0  28 

0  42 

0  56 

I  10 

I  24 

X  38 

I  52 

2  6 

2  20 

2  34 

248 

3  a 

15 

0  15 

0  30 

0  45 

I  0 

I  15 

I  30 

>  45 

2  0 

2  15 

2  30 

*  45 

3  0 

3  15 

16 

0  16 

0  32 

0  48 

»  4 

X  20 

I  36 

I  52 

2  8 

2  24 

2  40 

2  56 

3  X2 

3  28 

17 

0  17 

0  34 

0  51 

I  8 

I  25 

I  42 

I  59 

2  x6 

2  33 

2  50 

3  7 

3  24 

3  41 

18 

0  x8 

0  36 

0  54 

I  12 

X  30 

I  48  ■  2  6 

2  24 

2  42 

3  0 

3  18 

3  36 

3  54 

19 

0  19 

0  38 

0  57 

I  16 

I  35,  I  54 

2  13 

2  3* 

*  51 

3  10 

3  ^9 

3  48 

4  7 

2') 

0  20 

0  40 

I  0 

I  20 

I  40 

2   0 

2  20 

2  40 

3  0 

3  20 

3  40 

4  0 

4  20 

-21 

0  21 

0  42 

I  3 

X  24 

I  45 

2   6 

2  27 

2  48 

3  9 

3  30 

3  51 

4  12 

4  33 

2-2 

0  22 

0  44 

I  6 

I  28 

X  50 

2  12 

»  34 

2  56 

3  18 

3  40 

4  a 

4  H 

446 

23 

0  23 

0  46 

I  9 

I  3* 

I  55 

2  18 

2  41 

3  4 

3  *7 

3  50 

4  13  4  36 

4  59 

24 

0  24 

0  48  I  12 

X  36 

2  0 

2  24 

2  48 

3  " 

3  36 

4  0 

4  24  4  48 

5  " 

25 

0  25 

0  50 

J  M 

X  40 

»  5 

2  30 

»  55 

3  20 

3  45 

4  10 

4  35 

5    0 

5  *5 

2Vi 

0  26 

0  52 

I  18 

I  44 

2  xo 

2  36 

3  a 

3  18 

3  54 

4  20 

4  46 

5   " 

5  38 

27 

0  27 

0  54 

I  21 

I  48 

2  x5 

2  42 

3  9 

3  36 

4  3 

4  30 

4  57 

5  *4 

1   5' 

28 

0  28 

0  56 

X  24 

I  52 

2  20 

2  48 

3  16 

3  44 

4  X2 

4  40 

5  8 

5  36 

6  4 

29 

0  29 

0  58 

I  27 

X  56 

2  25 

i  54 

3  *3 

3  5* 

4  2X 

4  50 

5  19 

548 

6  17 

30 

0  30 

I  0 

I  30 

2   0 

2  30 

3  0 

3  30 

4  0 

4  30 

5  0 

5  30 

6  0 

6  30 

31 

0  31 

X  2 

1  33 

2   4 

a  35 

3  6 

3  37 

4  8 

4  39 

5  10 

5  41 

6  12 

6  43 

32 

0  32 

1  4 

I  36 

2  8 

2  40 

3  la 

3  44 

4  x6 

448 

5  20 

5  5* 

6  24 

6  56 

33 

0  33 

I  6 

I  39 

2  X2 

*  45 

3  '8 

3  51 

4  24 

4  57 

5  30 

6  3 

6  36 

7  9 

34 

0   34 

I  8 

X  42 

2  x6 

2  50 

3  14 

3  58 

4  32 

5  6 

5  40 

6  14 

6  48 

7  22 

35 

0  35 

I  xo 

I  45 

2  20 

*  55 

3  30 

4  5 

4  40 

5  15 

5  50 

6  25 

7  0 

7  35 

36 

0  36 

I  12 

X  48 

2  24 

3  0 

3  36 

4  12 

4  48 

5  24 

6  0 

6  36 

7  12 

748 

37 

0  37 

X  T4 

I  51 

2  28 

3  5 

3  4- 

4  '9 

4  56 

5  33 

6  xo 

6  47 

7  24 

8  X 

38 

0  38 

I  x6 

»  54 

2  32 

3  10 

3  48 

4  26 

5  4 

5  42 

6  20 

6  58 

7  36 

8  14 

39 

0  39 

X  x8 

I  57 

2  36 

3  J5 

3  54 

4  33 

5  12 

5  5» 

6  30 

7  9 

7  48 

8  27 

40 

0  40 

X  20 

2  0 

2  40 

3  20 

4  0 

4  40 

5  20 

6  0 

6  40 

7  20 

8  0 

8  40 

41 

0  41 

X  22 

2  3 

2  44 

3  45 

4  6 

4  47 

5  28 

6  9 

6  50 

7  31 

8  12 

8  53 

42 

0  42 

I  24 

2  6 

2  48 

3  30 

4  12 

4  54 

5  36 

6  x8 

7  0 

7  4a 

8  24 

9  6 

43 

0  43 

I  26 

*  9 

2  52 

3  35 

4  18 

5  I 

5  44 

6  27 

7  10 

7  53 

8  36 

9  19 

44 

0  44 

X  28 

2  12 

2  56 

3  40 

4  *4 

5  8 

1  5* 

6  36 

7  20 

8  4 

8  48 

9  32 

45 

0  45 

X  30 

2  15 

3  0 

3  45 

4  30 

5  '5 

6  0 

6  45 

7  30 

8  x5 

9  0 

9  45 

46 

0  46 

I  32 

2  x8 

3  4 

3  50 

4  36 

5  22 

6  8 

6  54 

7  40 

8  26 

9  12 

9  58 

47 

0  47 

I  34 

2  2X 

3  8 

3  55 

4  42 

5  29 

6  x6 

7  3 

7  50 

8  37 

9  H 

10  XI 

48 

0  48 

X  36 

2  24 

3  12 

4  0 

4  48 

5  36 

6  ^4 

7  12 

8  0 

8  48 

9  36 

10  24  » 

49 

0  49 

1 38 

2  27 

3  16 

4  5 

4  54 

5  43 

6  32 

7  21 

8  10 

8  59 

9  48 

10  37 

50 

0  50 

X  40 

2  30 

3  20 

4  xo 

5  0 

5  50 

6  40 

7  30 

8  20 

9  10 

10  0 

10  50 

51 

0  51 

I  42 

a  33 

3  a4 

4  15 

5  6 

5  57 

6  48 

7  39 

8  30 

9  21 

10  12 

11  3 

52 

0  52 

X  44 

2  36 

3  a8 

4  20 

5  12 

6  4 

6  56 

7  48 

8  40 

9  3* 

10  24 

XX  16 

53 

0  53 

146 

»  39 

3  3* 

4  25 

5  18 

6  XI 

7  4 

7  57 

8  50 

9  43 

10  36 

IX  29 

54 

0  54 

X  48 

2  42  3  36 ; 

4  30 

5  ^4 

6  18 

7  12 

8  6 

9  0 

9  54 

xo  48 

II  42 

55 

0  55 

X  so 

a  45 

3  40 

4  35 

5  30 

6  25 

7  20 

8  15 

9  10 

10  5 

II  0 

"  55 

58 

0  56 

I  52 

2  48 

3  44 

4  40 

5  36 

6  32 

7  28 

8  24 

9  20 

10  16 

IX  12 

12  8 

57 

0  57 

*  54 

2  51 

3  48 

4  45 

5  4* 

6  39 

7  36 

8  33 

9  30 

10  27 

IX  24 

12  21 

58 

0  58 

I  56 

2  54 

3  5a 

4  SO 

5  48 

6  46 

7  44 

8  42 

9  40 

10  38 

IX  36 

12  34 

59 

0  59 

I  58 

2  57 

3  56 

4  55 

5  54 

6  53 

7  5^ 

8  51 

9  50 

10  49 

IX  48 

12  47 

60 

I   0  Z   3 

3  0 

4  0 

5  0 

6  0 

7  0 

8  0 

9  0 

10  0 

XX  0 

12   0 

13  0 

612 


TABLE  22 


FOR  REDUCING  THE  MOON'S  DECLINATION 

M 

Differonce  for  10" 

140" 

160" 

160" 

170" 

1" 

2" 

3" 

4" 

6" 

6" 

r 

8" 

9" 

ir 

1 

o  14 

0'  15" 

0'  16'' 

O'l/' 

o"-i 

o"-2 

o"-3 

o"'4 

o"-5 

o"'6 

o"'7 

o"-8 

o"-9 

r 

2 

0  z8 

0  30 

0  32 

0  34 

0*2 

•4 

•6 

•8 

I'O 

1-2 

1-4 

1-6 

i'8 

2 

3 

0  42 

0  45 

0  48 

0  51 

03 

•6 

•9 

1*2 

i'5 

1-8 

2*1 

a-4 

2*7 

4 

0  56 

I     0 

I     4 

I     8 

0-4 

•8 

1*2 

1-6 

2-0 

2 '4 

2-8 

3'2 

36 

6 

I  10 

»  J5 

I  20 

I    25 

0-5 

I'O 

»-5 

2»0 

1*5 

3'o 

3*5 

4-0 

4-5 

6 

I  24 

1  30 

I   36 

I  42 

0-6 

1*2 

1-8 

»-4 

^•o 

3-6 

4-i 

4*8 

5*4 

7 

I  38 

I  45 

I  5* 

»  59 

0-7 

«-4 

2-1 

2-8 

3-5 

4-2 

49 

5-6 

6-3 

8 

I  52 

2     0 

2     8 

2  16 

0-8 

1-6 

*'4 

3-2 

40 

4-8 

5-6 

*-4 

7*2 

9 

2     6 

2  15 

2  24 

2  33 

0-9 

1-8 

2-7 

3-6 

4-5 

r^ 

6.3 

7'2 

8*1 

7 

10 

a  20 

2  30 

2  40 

2  50 

I'O 

2-0 

3'o 

4-0 

5'o 

6-0 

7-0 

8'o 

90 

IC 

11 

»  34 

»  45 

2  56 

3     7 

I'l 

2-2 

3*3 

4'4 

6'o 

6-6 

7*7 

8-8 

9*9 

12 

2  48 

3     0 

3  " 

3  i4 

1-2 

2-4 

3-6 

4-8 

7'2 

8-4 

9-6 

io'8 

13 

3     a 

3  15 

3  28 

3  41 

13 

2«6 

39 

5-i 

6-5 

7-8 

9-1 

10*4 

11-7 

14 

3  16 

3  30 

3  44 

3  58 

»'4 

2*8 

4-2 

5-6 

7'o 

8-4 

9-8 

11*2 

12*6 

16 

3  30 

3  45 

4    0 

4  15 

«*5 

3-0 

4-5 

6'o 

7-5 

9'o 

10-5 

I2'0 

13*5 

16 

3  44 

4    0 

4  16 

4  3» 

1-6 

3-2 

4-8 

6-4 

8'0 

9-6 

11*2 

12-8 

144 

17 

3  58 

4  IS 

4  3» 

4  49 

1-7 

3  4 

51 

6*8 

8-5 

IC-2 

II-9 

13-6 

15-3 

18 

4  12 

4  30 

448 

5     6 

i'8 

3'6 

5*4 

7-2 

9'o 

io'8 

I2'6 

14-4 

l6'2 

19 

4  26 

4  45 

5    4 
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7     9 

4  4<> 

7  "4 

4  41 

7   1^ 

49 

5     8 

6  52 

5     3 

6  57 

4  58 

7     2 

4  53 

7     7 

448 

7   12 

4  43 

7   17 

4  38 

7  22 

50 

5     6 

6  54 

5     I 

6  59 

4  56 

7     4 

4  51 

7     9 

4  46 

7  H 

4  40 

7  20 

4  35 

7  25 

51 

5    4 

6  56 

4  59 

7     I 

4  54 

7     6 

448 

7   12 

4  43 

7  17 

4  37 

7  23 

4  31 

7  29 

52 

5     2 

6  58 

4  57 

7     3 

4  51 

7     9 

4  46 

7  H 

4  40 

7  20 

4  34 

7  26 

4  28 

7  32 

63 

5    0 

7     0 

4  54 

7     6 

4  49 

7  " 

4  43 

7   17 

4  37 

7  13 

4  31 

7  29 

4  24 

7  36 

64 

4  58 

7     a 

4  5* 

7     8 

4  46 

7  14 

4  40 

7  20 

4  33 

7  17 

4  27 

7  33 

4  20 

7  40 

55 

4  56 

7     4 

4  49 

7  11 

4  43 

7  17 

4  37 

7  13 

4  30 

7  30 

4  23 

7  37 

4  16 

7  44 

56 

4  53 

7     7 

4  47 

7   13 

4  40 

7  20 

4  33 

7  27 

4  26 

7  34 

4  19 

7  41 

4  12 

7  48 

57 

4  50 

7  10 

4  44 

7  16 

4  37 

7  *3 

4  30 

7  30 

4  13 

7  37 

4  15 

7  45 

4     8 

7  52 

58 

4  47 

7  13 

4  40 

7  20 

4  33 

7  a7 

4  26 

7  34 

4  18 

7  41 

4  " 

7  49 

4     3 

7  57 

69 

4  44 

7  16 

4  37 

7  13 

4  30 

7  3c 

4  22 

7  38 

4  14 

7  4^ 

4    6 

7  54 

3   58 

8     2 

4  4» 

7   19 

4  34 1 7  26 

4  26 

7  34 

4  18 

7  41 

4     9 

7  51 

4     1 

7  59 

3  52 

8     8 

tn 

4  38 

7  22 

4  30 .  7  30 

4  22 

7  38 

4  13 

7  47 

4    4 

7  5^ 

3  55 

8     5 

3  46 

8  14 

G2 

4  34 

7  26 

4  26 

7  34 

4  17 

7  43 

4     8 

7  52 

3  59 

8     1 

3  49 

8  II 

3.40 

8  20 

G3 

4  30 

7  30 

4  ai 

7  39 

4  12 

7  48 

4     3 

7  57 

3  53 

8     7 

3  43 

8  17 

3  33 

8  27 

Hi 

4  26 

7  34 

4  17 

7  43 

4    7 

7  53 

3  57 

8     3 

3  47 

8  13 

3  36 

8  24 

3  25 

8  35 

65 

4  a« 

7  39 

4  12 

7  48 

4     I 

7  59 

3  5' 

8     9 

3  40 

8  20 

3  28 

8  32 

3   16 

8  44 

66 

4  18 

7  4^ 

4     6 

7  54 

3  55 

8     5 

3  44 

8  16 

3  31 

8  28 

3  20 

8  40 

3     7 

8  53 

66^ 

4  14 

7  46 

4     3 

7  57 

3  5* 

8     8 

3  40 

8  20 

3  i8 

8  32 

3  »5 

8  45 

3     1 1 »  59 

Lat. 

jSent.    Kis. 

Sett. 

Kis. 

Sett. 

Ris. 

Sett. 

Ris. 

• 

Sett 

Ris.    Sett 

1 

Ris. 

Sett.    Ris. 
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APPARENT  TIME  OP  THE  SUN'S  RISING  AND  SETTING 

Dbcliwation,  of  the  same  Name  as  the  Latitude                                     1 

Lat. 

\BP 

19° 

20^* 

210 

22° 

23° 

28r       1 

Ris. 

Sett. 

Ris. 

Sett. 

Ris. 

Sett. 

Ris. 

Sett. 

Ris. 

Sett. 

Ris. 

Sett. 

Ris. 

Sett. 

r 

e^o^ 

ei^o- 

6»»o"» 

eho" 

6ho" 

5h  qOi 

6l»0«n 

5b  Qta 

e^o"» 

6ho'" 

eho" 

6i>o" 

eho" 

^h  qDI 

2 

S  5S 

6     2 

5  58 

6     2 

5  58 

6     2 

5  57 

6     3 

5  57 

6     3 

5  57 

6     3 

5  57 

I  ^ 

4 

^   5S 

6     5 

5  55 

6     5 

5  55 

6     5 

5  54 

6     6 

5  54 

6     6 

5  53 

6     7 

5  53 

6  7 
6  10 

6 

5  5* 

6     8 

5  5* 

6     8 

5  5a 

6     8 

5  51 

6     9 

5  51 

6     9 

5  50 

0  10 

5  50 

8 

5  50 

6  10 

5  49 

6  II 

5  49 

6  12 

5  48 

6  12 

5  47 

6  12 

5  47 

6  13 

5  46 

6  14 

10 

S  47 

6  13 

546 

6  14 

546 

6  15 

5  45 

6  16 

5  44 

6  16 

5  43 

6  17 

5  43 

6  17 
6  21 

12 

5  44 

6  16 

5  44 

6  17 

5  43 

6  18 

5  4a 

6  19 

5  41 

6  20 

5  40 

6  21 

5  39 

14 

5  41 

6  xo 

5  40 

6  20 

5  39 

6  21 

5  38 

6  22 

5  37 

6  23 

5  3<i 

6  24 

5  35 

6  25 

16 

5  39 

6  fti 

5  37 

6  23 

5  36 

6  24 

5  35 

6  25 

5  33 

6  27 

5  3a 

6  28 

5  31 

0  29 

18 

5  S6 

624 

5  34 

6  26 

5  33 

6  27 

5  31 

6  29 

5  30 

6  30 

5  a8 

6  32 

528 

6  32 

20 

5  33 

6  27 

5  31 

6  29 

5  30 

6  30 

5  a8 

6  32 

S  26 

6  34 

5  a4 

6  36 

5  a4 

6  36 

21 

5  3' 

6  29 

5  30 

6  30 

5  a8 

6  32 

526 

6  34 

5  a4 

6  36 

S  22 

6  38 

5  a2 

6  38 

22 

5  30 

6  30 

5  a8 

6  32 

526 

6  34 

5  a4 

6  36 

5  a2 

6  38 

5  ai 

6  39 

5  ao 

6  40 

23 

S  a« 

6  32 

5  26 

6  34 

5  a4 

6  36 

5  22 

6  38 

5  ai 

6  39 

5  19 

6  41 

5  18 

6  42 

24 

5  a? 

6  33 

5  »5 

6  35 

5  a3 

6  37 

5  ai 

6  39 

5  19 

6  41 

5  i^ 

6  44 

5  15 

6  4S 

25 

5  as 

6  3S 

5  13 

^  37 

5  ai 

6  39 

5  19 

6  41 

5  17 

6  43 

5  14 

6  46 

5  13 

6  47 

26 

5  ^4 

6  36 

5  ai 

6  39 

5  19 

641 

5  17 

6  43 

5  15 

64s 

5  la 

6  48 

5  II 

6  49 

27 

5  22 

6  38 

5  xo 

6  40 

5  17 

6  43 

5  15 

6  45 

5  la 

6  48 

5  10 

6  so 

5    9 

\  5' 

28 

5  20 

6  40 

5  x8 

642 

5  IS 

64s 

s  13 

6  47 

5  10 

6  so 

5     8 

6  sa 

5     7 

\  ^\ 

29 

5  18 

6  42 

5  16 

6  44 

5  13 

6  47 

5  " 

6  49 

5     8 

6  sa 

5    6 

6  S4 

5    4 

6  s6 

30 

5  '7 

643 

5  14 

6  46 

5  " 

6  49 

5     9 

6  51 

5     6 

6  54 

5     3 

i^' 

5    a 

6  s8 

31 

S  »5 

645 

5  xa 

6  48 

5    9 

6  51 

5     7 

6  53 

5    4 

6  s6 

5     I 

6  59 

5    0 

7     0 

32 

s  13 

6  47 

5  i<^ 

6  50 

5    7 

6  53 

5    4 

6  s6 

5     a 

6  s8 

4  59 

7     I 

4  57 

7     3 

33 

5  " 

6  49 

5     8 

6  52 

5     5 

6  55 

5    a 

6  s8 

4  59 

7     I 

4  5<> 

7    4 

4  55 

7     5 

34 

5     9 

6  51 

5    6 

654 

5     3 

6  57 

5    0 

7    0 

4  57 

7     3 

4  53 

7     7 

4  sa 

7     8 

35 

5     7 

6  53 

5    4 

6  56 

5     I 

6  59 

4  58 

7     a 

4  54 

7     6 

4  51 

7     9 

4  49 

7  II 

36 

5     5 

6  55 

5    a 

6  58 

4  59 

7     I 

4  55 

7     5 

4  5a 

7     8 

448 

7  12 

4  46 

7  14 

37 

5     3 

6  58 

5    0 

7    0 

4  56 

7     4 

4  53 

7     7 

4  49 

7  II 

4  45 

7  15 

4  44 

7  16 

38 

5     » 

6  59 

4  58 

7    2 

4  53 

7     7 

4  50 

7  10 

4  46 

7  14 

4  43 

7  17 

4  41 

7  19 

39 

4  59 

7     » 

4  55 

7     5 

4  SI    7     9 

4  48 
4  45 

7  la 

4  44 

7  16 

4  40 

7  20 

4  38 

7  22 

40 

4  57 

7     3 

4  53 

7     7 

4  49 

7   11 

7  15 

4  41 

7  19 

4  37 

7  a3 

4  35 

7  as 

41 

4  54 

7     6 

4  50 

7  10 

4  46 

7  14 

4  4a 

7  18 

4  38 

7  22 

4  33 

7  a7 

4  31 

7  a9 

42 

4  5* 

7     « 

4  48 

7  12 

4  43 

7  17 

4  39 

7  21 

4  35 

7  as 

4  30 

7  30 

4  a8 

7  3a 
7  36 

43 

4  49 

7  II 

4  45 

7  15 

4  41 

7  19 

436 

7  a4 

4  31 

7  a9 

4  a7 

7  33 

4  a4 

44 

4  47 

7  13 

4  4* 

7  18 

4  38 

7  22 

4  33 

7  27 

428 

7  3a 

4  a3 

7  37 

4  ai 

7  39 

45 

4  44 

7  16 

4  39 

7  ai 

4  35 

7  as 

4  30 

7  30 

4  as 

7  35 

4  20 

7  4« 

4  17 

7  43 

46 

4  4» 

7  19 

4  36 

7  14 

4  3» 

7  a9 

426 

7  34 

4  ai 

7  39 

4  16 

7  44 

4  13 

7  47 

47 

4  38 

7  22 

4  33 

7  a7 

4  28 

7  3a 

4  a3 

7  37 

4  17 

7  43 

4  la 

7  48 

4    9 

7  SI 

48 

4  35 

7  as 

4  30 

7  30 

4  as 

7  35 

4  19 

7  41 

4  13 

7  47 

4     7 

7  53 

4     5 

7  55 

A 

49 

4  3a 

7  28 

4  a? 

7  33 

4  21 

7  39 

4  15 

7  45 

4    9 

7  S» 

4     3 

7  57 

4    0 

8     0 

50 

4  ^9 

7  3» 

4  13 

.7  37 

4  17 

7  43 

4  " 

7  49 

4     5 

7  55 

3  58 

8     2 

3  55 

8    5 

51 

4  as 

7  35 

4  19 

7  41 

4  13 

7  47 

4     7 

7  53 

4    0 

8     0 

3  54 

8     6 

3  50 

8  10 

52 

4  22 

7  38 

4  15 

7  45 

4     9 

7  5' 

4    a 

7  58 

3  55 

8     5 

3  48 

8  12 

3  45 

8  15 

53 

4  18 

7  4a 

4  " 

7  49 

4    4 

7  56 

3  58 

8     2 

3  50 

8  10 

3  43 

8  17 

3  39 

8  21 

54 

4  14 

7  46 

4    7 

7  53 

4    0 

8     0 

3  5a 

8     8 

3  45 

8  IS 

3  37 

8  a3 

3  33 

8  27 

55 

4     9 

7  51 

4    a 

7  58 

3  55 

8     5 

3  47 

?I3 

3  39 

8  21 

3  31 

8  29 

3  a7 

8  33 

56 

4     5 

7  55 

3  57 

8     3 

3  49 

8  XI 

3  41 

8  19 

3  33 

8a7 

3  a4 

8  36 

3  20 

8  40 

67 

4     0 

8     0 

3  5* 

8     8 

3  44 

8  16 

3  35 

8  as 

3  26 

8  34 

3  17 

8  43 

3  la 

8  48 

58 

3  55 

8     5 

3  46 

8  14 

3  38 

8  22 

3  a8 

8  3a 

3  19 

8  41 

3     9 

8  SI 

3     4 

8  ^6 

59 

3  49 

8  II 

3  40 

8  20 

3  31 

8  29 

3  21 

8  39 

3  II 

8  49 

3    0 

9    0 

a  55 

9     5 

60 

3  43 

8   17 

3  34 

8  26 

3  a4 

8  36 

3   13      8  47 

3     a 

8  s8 

2  SI 

9     9 

2  4S 

9  ^l 

61 

3   36 

8  24 

3  26 

8  34 

3  16 

8  44 

3     5 

8  55 

a  53 

9     7 

2  40 

9  20 

a  34 

9  26 

62 

3  29 

8  31 

3   18    8  42 

3     7 

8  53 

a  55 

9     5 

2  42 

9  18 

2  28 

9  3a 

2  21 

9  39 

63 

3  aa 

8  38 

3  10 

8  50 

2  58 

9     a 

a  44 

9  16 

a  30 

9  30 

a  14 

9  46 

2     6 

9  54 

64 

3   13 

8  47 

3     0 

9    0 

a  47 

9  13 

2  32 

9  28 

2  x6 

9  44 

I  s8 

10    2 

I  48 

10  12 

65 

3     3 

8  57 

2  50 

9  10 

a  35 

9  as 

2  x8 

9  4a 

2    0 

10    0 

I  38 

10  22 

I  26 

10  34 

66 

a  53 

9     7 

a  37 

9  a3 

2  21 

9  39 

2     2 

9  58 

I  39 

10  21 

I   10 

10  50 

0  SI 

II     9 

66} 

2  46 

9  H 

2  30 

•9  30 

2  12 

9  48 

I  51 

IQ      9 

I  26 

10  34 

0  48 

II   12 

0    0 

12    0 

Lat. 

Sett. 

Ris. 

Sett. 

Ris. 

Sett. 

Ris. 

Sett. 

Ris. 

Sett. 

Ris. 

Sett.     Ris. 

Sett 

Ris. 
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Names. 
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APPROXIMATE  APPARENT  TIMES  OF  THE 
MERIDIAN  PASSAGES  OF  THE  PRINCIPAL  FIXED  STARS 

ON    TUZ    FIRST   DAT    OF    EACH    MONTH,    1878. 


Mag. 


2 

var. 

2 
2 

I 

2 

3.4 
•2.3 

2 

I 
t 

I 

2 
2 

var. 
I 
I 

1,2 

I 

3 

2 
2 

If  a 

1,2 

2 

I 

3 
I 

2 
I 

I 
I 

a»3 

2 

2 
2 

*.3 

2 

1.3 
I 

I.  a 

2 

».  3 

2 
1.2 

2 


Stars 


a  Andromedae... 

Algt^nib    

a  Cassiopeae  ... 
j3  Ciii 

Polaris 

Achernar 

a  Arieiis 

7' Cell 

a  Ceti 

a  Ptrsei  

Aldeharaii    ... 

Capella    

R\rii\    

fi  Taiiri    

a  Coiumbce 

Betel^uese  ... 

Canopus  

Sirius   

c  Canis  Maoris 
Castor 

Procvon   

Pollux 

15  Argus  

I   Argils 

a  Hydras 

Re:;ulus  

1?  Argus 

a  Vrsas  Majoris 

$  Leonis 

y  Ursas  Majoris 

a'  Crucis 

a  Canum  Veuat. 

Spica    

1)  Ur'^ae  Majoris 
/9  Ceutauri 

Arcturus 

a^  Centauri 

a  Libras  

Alphacca 
a  Ser|)entis 

ff  8corpii 

Antares     , 

a  TriangiiliAust 

0  Draconia  

a  Ophiuchi 

y   Draoonis 

a  Lvrs  

Altair  

a  Pavonis  

a  Cygni  

a  Ct^phei 

c  Ptgasi 

a  Gruis  , 

FomHlhaut  ... 

Markab 


Jan. 


h 

5 
5 

5 

5 
6 

6 

7 

7 
8 

8 


m 
14 

'9 
46 

50 
26 

45 
12 

49 
8 

28 


4« 

20 

21 

31 

47 

I 

33 

5* 

6 

39 


2 
2 

3 

4 
4 

5 

5 
6 

6 

6 


7 
8 

8 

8 

9 

9 
9 

9 

o 

20 


45 
50 

14 

26 

34 

14 

5* 
8 

55 
i? 

32 

2 

55 
7 

22 

43 
56 
4* 
5c 


21 
21 
21 
22 

22 

23 
23 

o 
I 
I 


2 
2 

3 

4 
4 


10 
34 

48 
40 

4« 

6 

45 

57 
28 

49 
28 

50 

13 

3 
II 


Feb. 


h 

3 
3 
3 
3 

4 

4 
5 
5 
5 

e_ 
7 

8 

8 
8 
8 

8 

9 

9 

9 
o 


o 
o 
I 

2 
2 

3 
3 

3 

4 
4. 

5 

5 
6 

6 

6 

7 

7 

7 
8 

8 


8 

9 

9 

20 

20 

20 
21 
22 

23 
23 


o 
o 
I 
I 
1 


m 

2 

7 

33 
37 
»4 

33 
o 

37 
56 
16 

29 
8 

9 
18 

35 

48 
21 

40 

54 

_27 

33 

38 

2 

21 

2 
40 

56 

43 

A7 

20 

50 

«9 

43 
55 

10 

3« 

44 
29 

A^ 

58 
22 

36 

28 

29 

54 

33 

45 
16 

37 
16 

38 
o 

5' 
59 


Mar. 


h 
I 
I 
I 
I 
2 


m 

13 
18 

44 
48 

25 


2  44 

3  u 

3  48 

4  7 
4  26 


5  40 

6  19 

6  19 
6  29 
6  46 


6 

7 

* 

8 
8 


59 
3i 
5» 

5 

38 


8 
8 

9 
10 

ID 

II 
II 
12 
12 
12 


44 

49 

13 

25 
32 

13 

5' 

7 

54 
58 


>3 
'4 
»4 

15 

15 

15 

>5 
16 

16 


31 
1 

30 

54 
6 

21 

42 

55 
40 

49 


«7. 

»7 

17 
18 

18 

»9 

»9 

20 

21 
21 

22 
22 

23 
O 

o 


April 


h 

23 

23 

^3 
23 

o 

o 
I 
I 

2 
2 


3 
4 
4 
4 
4 

5 

5 

5 
6 

6^ 

6 
6 

7 
8 

8 

9 

9 

o 

I 
I 


May 


9 

33 

47 

39 
40 

5 
44 
56 

^7 
^8 

26 

49 
II 

2 

1022 


X 

2 

* 

3 
3 

3 
3 
4 

4 
4 


m 
19 

*4 
51 
55 
3' 

50 
18 

54| 
«3 

J3 
46 

*5 
26 

36 

5* 

6 

38 

57 
II 

50 
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CORRECTION  OF  THE  TIMES  IN  TABLE  27  FOR  THE  DAY  OF  THE  MONTH, 
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5'5 

5  35 

7-4 

5  19 

92 

5  a3 

II*X 

5  i^ 

X2*9 

5  10 

14-8 

34 

5  54 

1-8 

548 

3-6 

5  4* 

5*4 

5  36 

7*2 

5  30 

9'o 

5  a4 

io*8 

5  18 

X2"6 

5  la 

144 

35 

5  54 

r8 

5  49 

3*5 

5  43 

5*a 

5  37 

7-0 

5  31 

8-7 

5  as 

xo-5 

S  20 

12*3 

5  14 

14*0 

36 

5  54 

1-7 

5  49 

3*4 

5  43 

5*1 

5  38 

6-8 

5  3a 

8-5 

5  a7 

IO»2 

5  ^i 

X2'0 

5  15 

137 

87 

5  55 

1-7 

5  49 

3*3 

5  44 

5-0 

5  39 

6-7 

5  33 

8-3 

5  28 

10*0 

S  22 

11*7 

5  17 

»3'4 

38 

5  55 

1-6 

5  50 

3-2 

5  45 

4-8 

5  39 

!*5 

5  34 

8-1 

5  a9 

9-8 

5  a4 

II-4 

5  19 

X3-X 

39 

5  55 

1-6 

5  50 

3-2 

5  ^1 

4-8 

5  4« 

6-4 

5  35 

80 

5  30 

9-6 

5  as 

XI*2 

5  ao 

X2-8 

40 

5  55 

i'5 

5  50 

3-1 

546 

4-7 

5  41 

6-2 

5  36 

7-8 

5  31 

9*4 

S  26 

io*9 

5  ai 

ia-5 

41 

5  55 

»*5 

5  51 

3-0 

546 

4-6 

5  4» 

6m 

5  37 

7-6 

5  3a 

9*2 

5  a8 

10-7 

5  a3 

12*2 

42 

5  56 

1*5 

5  51 

3-0 

5  47 

4*5 

5  4* 

60 

5  38 

7-5 

5  33 

9»o 

5  a9 

xo»5 

5  *4 

I2»0 

43 

5  5« 

>-5 

5  51 

2-9 

5  47 

4*4 

5  43 

59 

5  38 

7*3 

5  34 

8-8 

5  30 

io'3 

5  15 

II-8 

44 

5  56 

1*4 

5  5a 

2-8 

548 

43 

5  43 

5-8 

5  39 

7-2 

5  35 

8-6 

5  31 

IO*I 

5  »7 

II-5 

45 

5  56 

1*4 

5  52 

2-8 

548 

4- a 

5  44 

^7 

5  40 

7*1 

5  36 

8-5 

5  3a 

9*9 

528 

II-3 

46 

5  56 

1*4 

5  5a 

2-8 

548 

4-2 

5  45 

5-6 

5  41 

7'o 

5  37 

8-4 

5  33 

9.7 

5  a9 

IX*I 

47 

5  56 

1*4 

5  53 

2-7 

5  49 

4' 

5  45 

5*5 

5  41 

6-8 

5  37 

8-2 

5  34 

9'6 

5  30 

11*0 

48 

5  56 

i'3 

5  53 

2-7 

5  49 

4-0 

5  46 

5*4 

5  4* 

6-7 

5  38 

8-x 

5  35 

9'4 

5  31 

io'8 

49 

5  57 

x-3 

5  53 

2-6 

5  50 

4-0 

546 

5*3 

5  43 

6-6 

5  39 

80 

5  35 

9*3 

5  3a 

xo'6 

60 

5  57 

1*3 

5  53 

2-6 

5  50 

3*9 

5  47 

5* 

5  43 

6-5 

5  40 

7-8 

5  36 

91 

5  33 

lo's 

51 

5  57 

1-3 

5  54 

2*6 

5  50 

3-8 

5  47 

5-1 

5  44 

6-4 

5  40 

77 

5  37 

9\> 

5  34 

io*3 

52 

5  57 

1-3 

5  54 

2-5 

5  51 

3-8 

5  47 

5*» 

5  44 

6.3 

5  41 

7-6 

5  38 

8-9 

5  35 

IO-2 

63 

5  57 

i'3 

5  54 

2-5 

5  51 

3-8 

548 

5-0 

5  45 

6*3 

5  4a 

7*5 

5  39 

8-8 

536 

lO'O 

54 

5  57 

1*2 

5  54 

a-5 

5  51 

3*7 

548 

5-0 

5  45 

6-2 

5  4a 

7*4 

5  4« 

8-6 

5  37    9*9 1 

56 

5  57 

1*2 

5  54 

2-4 

5  5» 

3*7 

5  49 

4*9 

5  46 

6-1 

5  43 

7-3 

5  40 

8-5 

5  37 

9i 

66 

5  57 

I '2 

5  55 

»-4 

5  5a 

3.6 

5  49 

^1 

546 

6-0 

5  44 

7*2 

5  41 

8-4 

538 

9^ 

67 

5  57 

1*2 

5  55 

2-4 

5  5a 

3*6 

5  50 

4-8 

5  47 

6*0 

5  45 

7-1 

5  4a 

8-3 

5  39 

9-5 

68 

5  ^1 

1*2 

5  55 

2-4 

5  5a 

3*5 

5  50 

4*7 

5  47 

5-8 

5  45 

7-1 

5  4a 

8-3 

5  ¥> 

9-4 

69 

5  58 

1'2 

5  55 

2"^ 

5  53 

3-5 

5  50 

4-7 

548 

5-8 

546 

7'o 

5  43 

8-2 

541 

93 

60 

5  58 

I'l 

5  5| 

a-3 

5  53 

3*5 

5  51 

4-6 

548 

5-8 

5  46 

6*9 

5  44 

8-1 

541 

9-2 

61 

5  59 

I'l 

5  56 

»'3 

5  53 

3-4 

5  5" 

4-6 

5  49 

5*7 

5  47 

6-8 

5  44 

80 

54a 

91 
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HOUR  ANGLE  AND  ALTITUDE  OF  A  BODY  UPON  THE  PRIME  VERTICAL 

LaL 

Declikatiok                                                           I 

1^ 

2» 

3° 

4° 

6° 

6^ 

7''       1       8°      I 

H.  A. 

Alt. 

H.  A. 

Alt. 

H.  A. 

Alt. 

n.  A.  Alt 

M.  A.  Alt. 

H.  A. 

Alt. 

H.  A. 

Alt. 

H.  A 

Alt.l 

o 

b      m 

0 

b      m 

0 

b      in 

0 

b      III 

0 

b      m 

0 

h      Hi 

0 

h      in 

0 

b      mi     0      1 

62 

5  58 

5  56 

a-3 

5  54 

3'4 

5  5' 

4*5 

5  49 

5*7 

5  47 

6-8 

5  45 

7-9 

5  43 

9*1 

63 

5  58 

5  56 

2*2 

5  54 

3*4 

5  5a 

4*5 

5  50 

5-6 

5  48 

6-7 

5  46 

7-8 

5  44 

9-0 

64 

5  58 

5  56 

2-2 

5  54 

3*3 

5  5a 

4*4 

5  50 

5-6 

5  48 

6-7 

5  46 

7-8 

5  4^ 

8-9 

65 

5  58 

5  56 

2*2 

5  54 

3*3 

5  53 

4*4 

5  51 

5-5 

5  49 

6-6 

5  47 

7*7 

5  45 

8*8 

66 

5  58 

5  56 

2-2 

5  55 

3*3 

5  53 

4'4 

5  5' 

5*5 

5  49 

6-6 

5  47 

7*7 

5  46 

8-7 

67 

5  58 

5  57 

2*2 

5  55 

3-a 

5  53 

4-3 

5  5' 

5*4 

5  50 

6-5 

5  48 

7-6 

5  46 

8-7 

68 

5  58 

5  57 

2-1 

5  55 

32 

5  54 

4*3 

5  5a 

5*4 

5  50 

6-5 

5  49 

7*5 

5  47 

8-6 

69 

5  58 

5  57 

2' I 

5  55 

3*a 

5  54 

4' 3 

5  5a 

5 '4 

5  51 

6-4 

5  49 

7-5 

5  48 

8-6 

70 

5  59 

5  57 

2'1 

5  56 

3-a 

5  54 

4*  a 

5  53 

5'3 

5  5» 

6-4 

5  50 

7*4 

5  48 

8-5 

o 

a° 

10° 

11° 

12° 

13° 

14° 

15° 

16° 

I  44 

64-3 

11 

z  22 

55-1 

2  40 

«5-5 

12 

z  47 

48-8 

2  16 

566 

I  35 

66-6 

13 

3     7 

44-1 

2  41 

50-5 

2    IZ 

58-0 

I  32 

67-5 

U 

3  3» 

40-3 

3     0 

459 

a  35 

521 

2     6 

59-2 

I  29 

68-5 

15 

3  35 

37-2 

3  16 

42-1 

a  54 

47*5 

2  30 

53*4 

2     2 

6o'3 

I  z6 

69-2 

16 

3  46 

34*6 

3  28 

39-1 

3     9 

43-8 

2  49 

49-0 

2  26 

54*7 

1  58 

6i'4  1  13 

69*9 

17 

3  55 

32-3 

3  39 

36-4 

3  22 

40-7 

3     4 

45*3 

2  24 

S^'Z 

2   21 

55-8    •  55 

62*3 

I  21 

70*5 

18 

4    3 

30-4 

3  49 

34-2 

3  33 

38*1 

3   17 

4a*3 

a  59 

46-7 

2   40 

51*5   2  18 

56-8 

I  52 

63-1 

19 

4  10 

28-7 

3  57 

32*2 

3  43 

35*8 

3  28 

39'7 

3     12 

43*7 

a  54 

480 

2  36 

52*6 

2  14 

57-8 

20 

4  »7 

27*2 

4    4 

30-5 

3  51 

339 

3  37 

37*4 

3  a3 

4I-I 

3     7 

4S-0 

2  50 

49*2 

2  3a 

537 

21 

4  a3 

25-8 

4  " 

29*0 

3  58 

32-2 

3  46 

35-5 

3  3a 

38-8 

3  18 

42-5 

3     3 

46-2 

a  47 

50*3 

23 

4  28 

24-7 

4  16 

a7-3 

4     5 

30*6 

3  53 

33-7 

3  41 

36-9 

3  28 

40*2 

3  H 

43'7 

a  59 

47 '4 

23 

4  3» 

23*6 

4  22 

20*4 

4  " 

29*2 

4    0 

32-1 

3  48 

35-1 

3  36 

38-2 

3  a3 

40- 3 

3  10 

44' 9 

24 

4  37 

22*6 

4  27 

25-3 

4  16 

28-0 

4     6 

30-7 

3  55 

33-6 

3  44 

36-5 

3  3a 

39'5 

3  20 

427 

25 

4  41 

21-7 

4  3» 

24-3 

4  ai 

26-8 

4  la 

29-5 

4     I 

32*1 

3  51 

34*9 

3  40 

37-8 

3  28 

40*7 

26 

4  44 

20-9 

4  35 

23-3 

4  26 

25-8 

4  17 

28-3 

4     7 

30*8 

3  57 

33*5 

3  47 

36-2 

3  36 

39*0 

27 

448 

20'I 

4  39 

22'5 

4  30 

24-8 

4  21 

27*2 

4  la 

297 

4    3 

32-2 

3  54 

34*8 

3  43 

37'4 

28 

4  51 

19-5 

4  43 

21'7 

4  34 

24*0 

4  26 

26*3 

4  17 

28-6 

4    8 

31*0 

3  59 

33 '4 

3  49 

35*9 

29 

4  54 

i8-3 

4  46 

2I-0 

4  38 

23-2 

4  SO 

a5-4 

4  22 

27*6 

4  13 

29-9 

4    4 

32*1 

3  55 

34*6 

30 

4  56 

182 

4  49 

20'3 

4  4' 

22*4 

21*7 

4  34 

24-6 

4  26 

26-7 

4  18 

28-9 

4    9 

31*2 

4     I 

33*4 

31 

4  59 

'7-7 

4  51 

19-7 

4  44 

4  37 

23-8 

4  30 

25-9 

4  22 

28-0 

4  14 

30*2 

4    6 

32*4 

32 

5     I 

17-2 

4  54 

i9'i 

4  47 

21'1 

4  40 

23-1 

4  33 

251 

4  26 

27-2 

4  18 

29-2 

4  II 

313 

33 

5    1 

i6-7 

4  57 

i8-6 

4  50 

20"5 

4  44 

22*4 

4  37 

24-4 

4  30 

26*4 

4  a3 

28-4 

4  15 

30*4 

34 

5     6 

l6*2 

4  59 

181 

4  53 

19-9 

4  47 

21-8 

4  40 

23-7 

4  33 

a5*5 

4  26 

27*6 

4  19 

29*5 

35 

5     8 

15-8 

5     a 

17*6 

4  56 

19-4 

4  49 

21*2 

4  43 

23'I 

4  37 

24-9 

4  30 

26-8 

4  23 

28*7 

36 

5  10 

15-4 

5     4 

17*2 

458 

18-9 

4  5a 

20*7 

4  46 

22*5 

4  40 

24-3 

4  33 

26*1 

4  a7 

28  0 

37 

5  " 

151 

5    6 

i6-8 

5    ^ 

185 

4  54 

20*2 

4  49 

21*9 

4  43 

a3'7 

4  37 

25-5 

4  31 

27*2 

38 

5  13 

14-7 

5     8 

i6'4 

5     3 

186 

4  57 

19-7 

4  51 

21-4 

4  46 

23-1 

4  40 

24*5 

4  34 

26*6 

» 

5  15 

H-4 

5  10 

i6*o 

5    4 

i8-5 

4  59 

193 

4  54 

20*9 

448 

22*6 

4  43 

a4'3 

438 

26*0 

40 

5   »6 

141 

5  " 

15-7 

5     6 

17-3 

5     X 

18-8 

4  56 

ao'5 

4  51 

22*1 

446 

a3'7 

4  40 

25-4 
24*8 

41 

5  18 

13-8 

5  »3 

15-3 

5     8 

16*9 

5     3 

i8-5 

4  58 

20*0 

4  53 

21*6 

448 

23*2 

4  43 

42 

5  19 

13-5 

5  >5 

15-2 

5  '^ 

i6-6 

5     5 

i8-i 

5     I 

I9'6 

4  56 

21-2 

4  5« 

22*9 

4  46 

24*3 

43 

5  ai 

■3*3 

5  16 

14-7 

5  la 

l6'2 

5     7 

17-7 

5     3 

193 

4  58 

20*8 

4  53 

22-3 

448 

23*8 

44 

5  aa 

13-0 

5  18 

'4*5 

5  14 

15-9 

5     9 

17-4 

5     5 

18*9 

5    *> 

10*4 

456 

21-8 

4  51 

23-4 

45 

5  a4 

12*8 

5  19 

14*2 

5  »5 

>5*7 

5  " 

17-1 

5     7 

185 

5     a 

20*0 

4  58 

21*5 

4  53 

22*9 

46 

5  *5 

12*6 

5  ai 

14-0 

5  >7 

'5*4 

5  13 

168 

5     8 

i8-2 

5    4 

19*6 

5    0 

21*1 

4  56 

22'C 

47 

5  a6, 12-31 

5  22 

13-7 

5  18 

151 

5  H 

i6-5 

5  10 

17-9 

5     6 

19-3 

5     a 

20*7 

4  58 

22"  I 

48 

5  a7 

12- 1 

5  a3 

'3*5 

5  20 

14*8 

5  16 

i6-2 

5  »a 

17*6 

5     8 

19*0 

5    4 

20*4 

5    0 

21*8 

49 

5  *8 

I2'0 

5  as 

n*3 

5  ai 

14*6 

5  17 

i6*o 

5  14 

17-3 

5  ^0 

i8'7 

5     6 

20'I 

5     a 

21*4 

50 

5  a9 

11-8 

5  a6 

I3'2 

5  22 

14-4 

5  «9 

15-7 

5  »5 

iri 

5  la 

18-4 

5     8 

19*7 
19*4 

5    4 

21*1 

51 

5  31 

11-6 

5  a7 

12*9 

5  a4 

14*2 

5  20 

>5-5 

5  17 

i6-8 

5  >3 

i8*i 

5  10 

5     6 

20*8 

52 

5  3* 

II-4 

5  a8 

12*7 

5  as 

14*0 

S  22 

15*3 

5  18 

i6-6 

5  15 

17-8 

5   la 

19*2 

5     8 

20*5 

53 

5  33 

11-3 

5  a9 

I2'6 

5  26 

13-8 

5  a3 

15-2 

5  20 

i6'4 

5  '7 

17*6 

5  14 

18*9 

5  10 

20*2 

54 

5  34 

11*1 

5  3' 

12'4 

5  a8 

i3"6 

5  a4 

14' 8 

5  ai 

161 

5  18 

17-4 

5  16 

i8*7 

5  " 

19-9 

55 

5  35 

ll'O 

5  3a 

12*2 

5  a9 

13-5 

5  26 

14-7 

5  a3 

'5*9 

5  20 

17*2 

5  17 

18*4 

5  »4 

19*7 

66 

5  35 

IO-8 

5  33 

12'1 

5  30 

13-3 

5  a7 

>4-5 

5  a4 

157 

5  ai 

17*0 

5  18 

l8*2 

5  16 

19*4 

57 

5  36 

io'7 

5  34 

11*9 

5  31 

13-2 

528 

H'3 

5  26 

15-6 

5  as 

x6*8 

5  20 

18*0 

5  17 

19*2 

f8 

5  37 

io*6 

5  35 

II-8 

5  33 

13*0 

5  a9 

14*2 

5  a7 

15-4 

5  a4 

x6-6 

5  22 

17*8 

5  19 

19*0 

622 
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SRTICAL 

Lat. 

Declikation 

9*^ 

lO** 

ll«» 

12° 

13° 

U« 

15« 

l^ 

H.  A. 

Alt. 

fl.  A. 

Alt 

fl.  A 

Alt. 

H.^ 

.  Alt. 

\U  A.  Alt. 

H.  A 

.  Alt. 

H.  A 

.Alt 

H.  A.|  Alt 

o 

h      n 

e 

b      in 

0 

1i      n 

1     0 

"Tl      n 

>      0 

h      III        0 

h    ■ 

'   ^0 

k    -I     0 

b    »     0 

59 

5  38 

10.5 

5  36 

II-7 

5  33 

12-8 

5  31 

14*0 

5  28 

152 

5  26 

16*4 

5  23 

17-6 

5  20  18*8 

GO 

5  39 

io'4 

5  37 

11-6 

5  34 

12-7 

5  3a 

13-8 

5  29 

15*0 

5  27 

i6-2 

5  24 

17*4 

5  22 

i8<6 

61 

5  40 

io*3 

5  38 

ii«4 

5  35 

I2'6 

5  33 

13*7 

5  31 

»5*9 

5  28 

16*0 

5  26 

17*2 

5  23 

i8*4 

62 

5  41 

10*2 

5  38 

11-3 

5  36 

12-5 

5  34 

136 

5  32 

14*8 

5  30 

»5-9 

5  27 

i7«o 

5  25 

i8-2 

63 

5  41 

lO'I 

5  39 

1 1 '2 

5  37 

12*4 

5  rs 

«3-5 

5  33 

14*6 

5  31 

»5-7 

5  29 

i6*8 

5  26 

18-0 

64 

5  4* 

10*0 

5  40 

IIT 

5  38 

12*2 

5  36 

n-4 

5  34 

14*5 

5  32 

15*6 

5  30 

i6*7 

5  28 

17-8 

65 

5  43 

9'9 

5  41 

II*C 

5  39 

12*  I 

5  37 

13-3 

5  35 

'4*4 

5  33 

»5-5 

5  31 

i6-6 

5  29 

17-7 

66 

5  44 

9-8 

5  4* 

10-9 

5  40 

I2*0 

5  38 

13-2 

5  36 

14*2 

5  34 

»5*3 

5  33 

i6-4 

5  3* 

176 

67 

5  45 

9-8 

5  43 

10-8 

5  41 

I2*0 

5  39 

13*0 

5  37 

14-1 

5  36 

15*2 

5  34 

i6-3 

5  32 

17-4 

6H 

5  45 

^'l 

5  44 

io'8 

5  4a 

11*9 

5  40 

13*0 

5  39 

14*0 

5  37 

15*1 

5  35 

l6*2 

5  33 

17-3 

6.1 

5  46 

9-6 

5  44 

io'7 

5  43 

ir8 

5  41 

12*8 

5  40 

13*9 

5  38 

15*0 

5  36 

i6*i 

5  35 

17-2 

70 

5  47 

9-6 

5  45 

io«6 

5  44 

11*7 

5  42  |l2-8 

5  41 

13-8 

5  39 

14*9 

5  37 

i6*o 

5  36 

17*0 

o 

17° 

l«» 

19° 

20° 

21° 

22°      1        23** 

24*'       1 

18 

I  19 

72-0 

1 

19 

I  so 

63-9 

I  17 

7i'6 

20 

2  II 

58-7 

I  47 

646 

I  16 

72*1 

21 

2  29 

54-8 

a     9 

59-6 

I  45 

65*3 

I   i4;72-6| 

22 

2  43 

513 

2  26 

55-6 

2    6  6c*3 

I  43 

659   I  I3l73'i 

23 

2  56 

48-4 

2  40 

5a-3 

2  23  56-4 

2     4 

6i*i 

I  41  ;66*s 

I   II 

73-5 

24 

3     7 

46*0 

a  53 

49'4 

2  37;53-2 

2  21 

57*2 

2     2 

6i*8 

I  39 

67*1 

I   10 

73*9 

25 

3  16 

43-8 

3     3 

47-0 

2  50 

50*4 

*  35 

54*o 

2  18 

58*0 

2     0 

62*4 

I  38 

67-6 

I     9 

74-3 

20 

3  as 

41*8 

3  13 

44-8 

3     0 148*0 

2  47 

51-3 

2  32 

54-8 

2  16 

58-7 

I   58 

63*0 

I  36 

68-1 

27 

3  33 

40' I 

3  22 

429 

3  10  45*8 

2  58 

48*8 

2  44 

52*1 

2  30 

55-6 

2  14 

59-4 

1  56 

63-6 

28 

3  40 

38-5 

3  19 

412 

3  19  43*9 

3     7 

468 

2  55  49-8 

2  42 

529 

2  28 

56*3 

2  13 

6o*o 

29 

3  47 

37*1 

3  36 

39-6 

3   26  42-2 

3  1644*8 

3     5  47-7 

2  53 

50-6 

2  40 

53-7 

2  26 

57-0 

30 

3  52 

35-8 

3  43 

38*2 

3  34  40*6 

3  24  43** 

3  13:45*8 

3     2 

485 

2  51 

51-4 

2  38 

54'4 

31 

3  58 

346 

3  49 

36-8 

3  4^ 

39.2 

3  31 

41*6 

3  21 

44*1 

3  " 

46*7 

3    0 

49*3 

248 

52- 1 

32 

4     3 

33*5 

3  55 

35*7 

3  46  379 

3  37 

40*2 

3  28 

42*6 

3  I? 

45'o 

3    9 

47*5 

2  58 

50-1 

33 

4     8 

3^-5 

4    0 

34-6 

3  5*  36-7 

3  44 

38*8 

3  36 

41-1 

3  26 

43*4 

3  »7 

45-8 

3     7 

481 

34 

4  " 

31-5 

4    5 

33*5 

3  57 

35-6 

3  49 

37*7 

3  4» 

39-8 

3  33 

42*1 

3  24 

44*3 

3  15 

46-7 

35 

4  16 

30-6 

4    9 

326 

4    a 

34*3 

3  55 

36*6 

3  47 

38*7 

3  39 

40*6 

3  31 

42*9 

3  23 

45'2 

36 

4  20 

29-8 

4  14 

3i'7 

4    7 

33-6 

4    0 

35-6 

3  52 

37*7 

3  45 

39-6 

3  37 

41*7 

3  29 

43-8 

37 

4  ^4 

29*1 

4  18 

30-9 

4  " 

32*7 

4    4 

34*6 

3  57 

36*6 

3  50 

38-5 

3  43 

4^*5 

3  35 

42-5 

38 

4  28 

28-3 

4  22 

30*1 

4  15 

31*9 

4    9 

33*7 

4    2 

356 

3  55 

37*5 

3  49 

39*4 

3  41 

41-4 

39 

4  31 

27-7 

4  25 

29-4 

4  19 

31*1 

4  13 

329 

4    7 

34*7 

4    0 

36-5 

3  54 

38-4 

3  47 

403 

40 

4  35 

27*0 

4  ^9 

287 

4  23 

30*4 

4  »7 

32*1 

4  " 

33-8 

4    5 

35-6 

3  58 

37-4 

3  52 

39*2 

41 

4  38 

26*5 

4  3a 

281 

4  47 

29*7 

4  21 

31*4 

4  15 

33-2 

4  10 

34-8 

4     3 

36-5 

3  57 

38-3 

42 

4  4» 

25-9 

4  35 

26*9 

4  30 

29*1 

4  25 

30-7 

4  19 

32*4 

4  13 

34*o 

4    7 

35*7 

4    I 

37*4 

43 

4  43 

*5-4 

4  38 

266 

4  33 

28-5 

428 

30*1 

4  23 

3«-7 

4  17 

33*3 

4  12 

34*9 

4    6 

36*6 

44 

4  46 

24-8 

4  41 

26-2 

4  36 

27.9 

4  31 

29*5 

4  26 

31-1 

4  *» 

32-6 

4  16 

34*2 

4  10 

35-8 

45 

4  49 

244 

4  44 

259 

4  39 

27-4 

4  35 

28*9 

4  30 

30*4 

4  25 

32-0 

4  20 

33*5 

4  H 

35-1 

46 

4  51 

24*0 

4  47 

25-4 

4  4a 

26*9 

438 

28*4 

4  33 

29*8 

4  28 

31*4 

4  23 

32-9 

4  18 

34-4 

47 

4  54 

23*6 

4  49 

25-0 

4  45 

26*4 

441 

27-9 

4  36 

29*3 

4  31 

30»8 

4  ^7 

32*3 

4  22 

33-8 

48 

456 

23*2 

458 

24*6 

448 

25*9 

4  43 

27*4 

4  39 

28*8 

4  35 

303 

4  30 

31-7 

425 

33-2 

49 

458 

22-8 

4  54 

24*2 

4  50 

25-5 

4  46 

26*9 

4  42 

28*3 

4  38 

29-7 

4  33 

31-2 

4  29 

32*6 

AC 

5     « 

22*4 

4  57 

23-8 

4  53 

251 

4  49 

26*5 

4  45 

27*9 

4  41 

29*3 

4  37 

30-7 

4  32 

32*  I 

51 

5     3 

22*1 

4  59 

23-4 

4  55 

24*8 

4  51 

26*1 

448 

27'5 

4  44 

28-8 

4  40 

30*  1 

4  35 

31-6 

52 

5    5 

21-8 

5     » 

23-1 

458 

24-4 

4  54 

25*7 

4  50 

27*0 

4  46 

»8*4 

4  43 

29*7 

4  39 

3I-I 

53 

5    7 

215 

5     3 

22'8 

5    0 

14-0 

456 

*5-4 

4  53 

26-6 

4  49 

i8'o 

4  45 

29*3 

4  42 

30-7 

54 

5     9 

2I»2 

5    5 

22'4 

5     » 

23*7 

4  59 

25-0 

4  55 

26*3 

4  5* 

27*6 

448 

28*9 

4  44 

30»2 

55 

5  " 

20*9 

5     7 

22*2 

5    4 

23-4 

5     1 

24*7 

4  58 

25*9 

4  54 

27*2 

4  5» 

28«5 

4  47 

19*8 

56 

5  " 

20»6 

5    9 

21*9 

5     6 

23*1 

5     3 

24*4 

5    0 

25*6 

4  57 

26*8 

4  53 

z8*i 

4  51  • 

»9'4 

57 

5  H 

20'4 

5  " 

21*6 

5    8 

22*8 

5     5 

24-1 

5     2 

25-3 

4  59 

i6*5 

456 

178 

4  53  - 

19*0 

58 

5  16 

20*2 

5  13 

11*4 

5  10 

22*6 

5     7 

23-8 

5    4 

25»0 

5     I 

l6*2 

458 

»7'4 

4  55  ' 

i8-7 

69 

5  18 

19-9 

5  15 

21*1 

5  " 

22*3 

5     9 

iys 

5     7  24-7 

5    4 

r5«9 

5     »  ' 

i7*i 

4  58  28  31 

60 

5  19 

19-7 

5  17 

20' 9 

5  14 

12*1 

5  " 

233 

5     9  24*4 

5     6 

.5*6 

5     3  '' 

16*8 

5     0  )rv  -c  1 

61 

5  ai 

19-5 

5  18 

20'7 

5  16 

21*8 

5  13 

23*0 

5  "  ' 

H-2 

5    8 

15-4 

5     6: 

16-5 

5     3  - 

*/•? 

62 

5  ^3 

193 

5  20 

20*5 

5  18 

21*6 

5  >5 

22*8 

5  13  ' 

13-9 

5  10  J 

*5'I 

5     8. 

t6'3 

5     5  ' 

17*4 

63 

5  *4 

19*1 

5  aa 

20'3 

5  *o 

21*4 

5  17 

22*6 

5  15  ■ 

i3'7 

5  12  t 

&4*8   5  10 

16*0 

5    8' 

17-2 

04 

5  26 

19*0 

5  »4 

20»1 

5  ai 

21*2 

5  19 

22*4 

5  17  ' 

13-5 

5  15  ' 

L4'6   5  12 

15-8 

5  10  : 

16*9 
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flOUB  ANGLE  AND  ALTITUDE^  OF  A  BODY  UPON  THE  PRIM^  VERTICAL  1 

Lat. 

Declinatioit                                                                I 

r 

7- 

18° 

19° 

20° 

21* 

22° 

23° 

24° 

H.A. 

Alt 

H.A. 

Alt. 

H.A. 

Alt. 

H.A 

.  Alt. 

H.A. 

Alt. 

H.A 

Alt. 

H.A 

.  Alt. 

H.aJ  Alt. 

^  o 

b       m 

0 

h      m 

0 

h      n 

0 

b       in 

>     0 

h         R. 

0 

b      n 

1     0 

h      n 

>     0 

h      m!      0 

65 

5  a? 

i8'8 

5  15 

199 

5  a3 

2I-0 

5  ai 

22*2 

5  19 

23-3 

5  17 

24-4 

5  14 

aS-S 

5  12 1267 

G6 

5  ^9 

18-7 

5  *7 

19*8 

5  a4 

20-8 

5  a3 

22*0 

5  ai 

23*1 

5  19 

24*2 

5  16 

a5-3 

5  14  26-4 

67 

5  30 

i8-5 

528 

19*6 

5  26 

20*7 

5  a4 

21-8 

5  22 

22*9 

5  20 

24*0 

5  18 

25-1 

5  16  26*2 

68 

5  31 

18*4 

5  30 

19- 5 

5  a8 

20*5 

5  26 

21-6 

5  a4 

227 

5  22 

23-8 

5  20 

249 

5  19126*0 

69 

5  33 

i8-2 

5  31 

19-3 

5  30 

20*4 

5  a8 

21*5 

5  26 

22-6 

5  a4 

»3*6 

5  a2 

247 

5  21,25*8 

70 

5  34 

18-1 

5  33 

19*2 

5  3« 

20*3 

5  30 

21*3 

5  28 

22*4 

5  26 

a3'5 

5  a4 

24*6 

5  43  a5-6 

o 

26° 

26° 

27° 

28° 

29° 

30° 

31° 

32° 

26 

I     8 

74-6 

27 

>  35 

68-6 

I     7 

74*9 

88 

I  55 

64*2 

I  34 

69*0 

I     6 

75-3 

29 

2  II 

6o*6 

I  53 

64-7 

I  33 

69-5 

I     6 

75*5 

30 

z  15 

57-7 

2    9 

6l*2 

I  52 

65-2 

I  32 

69*8 

I     5 

75-8 

I     4 

76-1 

SI 

2  36 

55*1 

2  22 

58-3 

2     8 

6r8 

'  5' 

65-7 

I  31 

70-3 

82 

a  47 

51*9 

2  35 

55-8 

2  21 

58-9 

a     7 

62-4 

I  50 

66*2 

I  30 

70*6 

I     4 

76-4 

33 

2  56 

50-9 

a  45 

53'o 

a  33 

56-5 

2  20 

59*5 

2    6 

62*9 

I  49 

66-6 

I  29 

71*0 

*     3 

7V6 

34 

3     5 

49-1 

»  55 

51-6 

a  44 

54-3 

2  32 

57-1 

2  19 

6o-i 

a     5 

63-4 

I  48 

67*1 

I  28 

71*4 

35 

3  13 

47-5 

3     3 

49-8 

a  53 

5a-3 

2  42 

549 

2  31 

57-7 

2  17 

607 

a    4 

63-8 

I  47 

67-5 

36 

3  20 

40-0 

3  " 

48-2 

3     a 

50-6 

a  51 

53-0 

2  41 

55-6 

2  29 

58-3 

2  17 

6l'2 

a     3 

H-3 

37 

3  a? 

446 

3  19 

467 

3  10 

490 

3     0 

5>-3 

2  51 

537 

2  40 

56-2 

2  28 

58-8 

2  16 

617 

38 

3  33 

430 

3  as 

45-4 

3  17 

47-5 

3     8 

49*7 

a  59 

51-9 

a  49 

54*3 

a  39 

568 

2  28 

59*3 

39 

3  39 

42*2 

3  3a 

44' I 

3  a4 

46*2 

3  16 

48-2 

3     7 

50-4 

a  58 

52*6 

a  49 

54*9 

2  38157-3 

40 

3  45 

41-1 

3  38 

43*3 

3  30 

44-9 

3  a3 

46-9 

3  .15  49'o 

3     6 

51-1 
49-6 

a  58 

517 

a  47-55-5 

41 

3  50 

40*1 

3  43 

41-9 

3  36 

43-8 

3  a9 

457 

3  22 

47-6 

3   14 

3     5 

a  56  •53-8 

42 

3  55 

39*a 

3  49 

409 

3  4a 

4a- 7 

3  35 

44-6 

3  28 

46-4 

3  20 

48-3 

3  X3 

50-3 

3     4'5a*4 

43 

4    0 

3»-3 

3  54 

40-0 

3  48 

41-7 

3  41 

43*5 

3  34 

45*3 

3  a7 

47*1 

3  20 

49'o 

3  la  510 

3  19I49*7 

44 

4    4 

37*5 

3  59 

39-1 

3  53 

40-8 

3  46 

42-5 

3  40 '44*3 

3  33 

46*0 

3  26 

47-8 

45 

4    9 

36-7 

4     3 

383 

3  57 

39*9 

3  5a 

41-6 

3  45  43'3 

3  39 

45-0 

3  32 

467 

3  as 

48-5 

46 

4  13 

36-0 

4    8 

37*5 

4    a 

39-1 

3  56 

407 

3  51 

42-4 

3  44 

44-0 

3  38 

457 

3  3a 

47*4 

47 

4  n 

35-3 

4  12 

36-8 

4     7 

38-4 

4     I 

39*9 

3  55 

41-5 

3  49 

43-1 

3  44 

44*8 

3  37 

464 

48 

4  21 

34'7 

4  16 

36-1 

4  11  377| 

4     6 

39*2 

4    0 

407 

3  55 

42-3 

3  49 

43-8 

3  43 

45*5 

49 

4  *4 

34-0 

4  20 

355 

4  15 

37-0 

4  10 

38-4 

4     5 

40*0 

3  59 

4J-5 

3  54 

430 

3  48 

446 

50 

4  28 

33-5 

4  a3 

34*9 

4  19 

3^-3 

4  H 

37-8 

4     9 

39'3 

4    4 

407 

3  59 

42-2 

3   54 

437 

51 

4  31 

32-9 

4  ^7 

34*3 

4  a3 

35-7 

4  18 

37*2 

4  '3 

386 

4    8 

40*0 

4    4 

41*5 

358 

43 -o 

52 

4  35 

32-4 

4  30 

33-8 

4  26 

35*2 

4  22 

36-6 

4  17 

38-0 

4  13 

39*4 

4    8 

40-8 

4     3 

4a*3 

53 

4  38 

319 

4  34 

33*3 

4  30 

346 

4  26 

36*0 

4  21 

37-4 

4  17 

38-8 

4  12 

40*1 

4     8  4'-6| 

54 

4  4» 

31*5 

4  37 

328 

4  34 

34'' 

4  30 

355 

4  as 

36-8 

4  21 

38-2 

4  16 

39*5 

4  12 

40-9 

55 

4  44 

311 

4  40 

32.3 

4  36 

33-6 

4  33 

35'o 

4  a9 

36-3 

4  as 

37-6 

4  20 

38-9 

4  16 

40-3 

56 

4  47 

30*6 

4  43 

31-9 

4  40 

33.2 

436 

345 

4  3a 

35-8 

4  28 

37*1 

4  a4 

38*4 

4  20 

397 

57 

4  49 

30-3 

4  46 

31-5 

4  43 

32*8 

4  39 

34-0 

4  36 

35*3 

4  3a 

366 

428 

37-8 

4  a4 

39a 

58 

4  5» 

29-9 

4  49 

311 

4  46 

32-4 

4  4a 

33*6 

4  39 

34-8 

4  35 

36*1 

4  3a 

37*4 

4  28 

387 

59 

4  55 

29«5 

4  5a 

30-7 

4  49 

32*0 

4  45 

33-2 

4  4a 

34-4 

4  39 

357 

4  35 

36-9 

4  32 

38-2 

60 

4  58 

29-2 

4  55 

30-4 

4  5a 

31-6 

4  48 

32-8 

4  45 

34-0 

4  4a 

35'3 

4  39 

36-5 

4  35 

37*7 

61 

5    0 

28*9 

4  57 

30*1 

4  54 

31-3 

4  51 

32-5 

448 

337 

4  45 

34-8 

4  4a 

361 

4  39 

HI 

62 

5     3 

28*6 

5     0 

29-7 

4  57 

309 

4  54 

32*1 

4  5» 

33*3 

448 

34-5 

4  45 

357 

4  4a 

36-8 

63 

5     5 

28*3 

5     a 

295 

5     0 

30-5 

4  57 

31*8 

4  54 

33-0 

4  5a 

34*1 

448 

35*3 

4  4<» 

36*5 

64 

5     7 

28-0 

5    5 

29*2 

5    a 

30-3 

5     0 

31-5 

4  57 

32-6 

4  55 

338 

4  SO 

35-0 

4  49 

30'i 

65 

5  'o 

17-8 

5    7 

28*9 

5     5 

30*1 

5     3 

31*2 

5    0 

3a*3 

4  58 

33*5 

4  S3 

34-6 

4  5a 

35-8 

66 

5  " 

27*6 

5  »o 

28*7 

5     8 

298 

5     5 

30*9 

5     3 

32*0 

5     0 

33*a 

4  56 

34*3 

4  55 

35*4 

67 

5  H 

27-5 

5  " 

28*4 

5  »o 

29-5 

5     8 

307 

5     5 

31-8 

5     3 

32-9 

4  59 

34-0 

4  58 

35*' 

6H 

5  "7 

*7*3 

5  15 

28*2 

5  " 

^9*3 

5  'o 

30-4 

5     8 

31-5 

5     7 

32*6 

5     » 

337 

5     » 

34-8 

f^ 

5  19 

16*9 

5  17 

i8-o 

5  15 

29*1 

5  13 

30*2 

5  " 

3i'3 

5    9 

3a-4 

5     5 

33'5 

5    4 

34-6 

70 

5  »'  ' 

i6'7 

5  19 

27-8 

5  17 

28-8 

5  J5 

30'0 

5  »3 

1 

3I-I 

5  " 

32' I 

5     8 

33-2 

5    7 

34'3 
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:  OF 
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35° 

3(i° 

37* 
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39<» 

4a«» 

H.  A.  Alt.  H.  A. 
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Alt. 

H.  A.I  Alt. 

11.  A.' Alt. 
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H.  A. 
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o 
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h      m 

0 
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0 
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0 
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0 
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34 

I       3    769 

S5 
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77-1 

3G 

I    47  167-9 

I    27 

72-0 

I       2 

77*4 

37 

2       2  164*8 

I    46 

68-3 

1    27 

72-4 

I     I  |77-6 

38 

2     15    62*2 

2       I 

65-3 

I  45 

687 

I  26  |72-7 

X        X 

77*8 

39 

2  27  59*9 

2    14 

62-7 

2     I 

65-7 

1  45|69'J 

I    26    73-0 

I    X  ji-o 

40 
41 

2  37  157*9 

2    26 

60-4 

2   14 

632 

2     0  66*1 

I    44,69-4 

I  26  73*3 

I       I 

78*2 

1       I 

78-5 

2  47i56*i 

2    36 

58-5 

2  25 

61-0 

2   13  63-6 

2       0 

66-5 

I  44  69*8 

X  25 

73.6 

42 

a  55  54*5 

2   46 

56-7 

2  36 

590 

2  25  6i*4 

2    13 

64*1 

I  59  66-9 

I  44  70-X 
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73*9 

43 

3     3i53-o 

*  55 

55-1 

2  45 

57-2 

2   35  59*5 

2    24 

61-9 

2  12  64*5 

I   59  67-3 

»  43;7o-5| 

44 

3   ",51-6 

3     3 

53-6 

2  54 

55-7 

2  45  57-8 

*  35 

6o-o 

2  24  62*4 

2  12  64-9 

I  59I67-7I 

15 

3   18  50-^ 

3   10 

523 

3     2 

54-2 

2  54  562 

2  44 

58-3 

2  34  60-5 

2  24  62*8 

2    12 

654 

46 

3  25  49  X 

3   17 

5i'o 

3  10 

52-8 

3     2  54-8 

»  53 

56-8 

2  44 '588 

2  34  6i-o 

2    23 
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47 

3  3048-1 

3  24 

49-8 

3   J7 

51-6 

3     9  53*5 

3     I 

55'4 

2  53;57-3 

2  44!59*3 

2  34 

6i-5 

48 

3  37.47-1 

3  30 

48-8 

3  14 

50*5 

3  i7|52-3 

3     9 

54-1 

3     J  55*9 

*  53 

57-8 

2   44 

599 

49 

3  43  '46-2 

3  36 

47-8 

3  30 

49*5 

3  23  51-1 

3  16 

52-8 

3     9 :54*7 
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3  42 

46-8 

3  36 

48-5 
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51-8 
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3  4« 

46-0 

3  42 

47-6 
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50-4 

3  23 

52-4 
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55*8 

52 
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3  53 

45*2 

3  47 

46-8 

3  42  i43-2 

3  36 

49-8 
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51*4 
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53-0 
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54*7 

53 
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44-4 
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45*9 

3  47 
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48-9 
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52-0 

3  23 

53-6 

54 
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437 

3  58 

45*1 
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3  47 

48-1 
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49*5 
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51-1 

3  30 

52-6 

55 
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43-0 
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44*4 

3  58 

45-8 

3  53 

473 

3  47  !48  7 

3  42 

50-2 
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5»*7 

56 

4  16  |4i'i 

4  " 
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43*8 
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45*' 

3  58 

46-5 
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47*9 

3  48 

49*4 

3  42 
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57 
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43*1 
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3  53 
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58 
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43*9 

4    8 
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46-5 

3  58 
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6U 
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39*4 
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40-7 
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43*3 
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48  6 
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61 
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40-2 
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39*7 
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41-0 
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43*5 
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47-3 

62 
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4  36 

39*3 
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40-5 

4  29 

41-7 

4  26 

42-9 
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44*2 

4  18  45-5 

4  14 

467 

63 

4  43i37-7 

4  40 

388 

4  36 
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4  33 
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4  30 

42*5 

4  26 

43*7 

4  23 

449 
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46-2 

64 
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4  43 

38-5 

4  40 

39-6 

4  37 

40*8 

4  34 

42-0 

4  30 

43-2 

4  27 

44*4 

4  23 

45*7 

65 

4  49  (36-9 

4  47 

38-1 

4  44 

39*3 

4  41 

40-4 

4  38 

41*6 

4  35 

428 

4  3» 

44-0 

4  28 

45*2 

66 

4  53i36-6 

4  50 

37*7 

4  47 

38-9 

4  44 

40*0 

4  42 

41-2 

4  39 

42-4 

4  35 

435 

4  32 

44*7 

67 

4  56 

36-3 

4  53 

37-4 

4  51 

38-5 

448 

39*7 

4  45 

40-8 

4  43 

42*0 

4  40 

43-1 

4  37 

44' 3 

68 

4  59 

36-0 

4  57 

37*1 

4  54 

38-2 

4  52 

39*3 

4  49 

40-5 

4  46 

41-6 

4  44 

42-7 

4  4» 

43*8 

69 

5     a 

35*7 

5     0 

36-8 

458 

37*9 

4  55 

39.0 

4  53 

40*1 

4  50 

41'2 

4  48  424 

4  45 

43*5 

70 

5     5 

35*4 

5     3  365 

5     I  37-6 

4  59 

387 

4  56 

39-8 

4  54 

40-9 

4  5»  4a*o 

4  49 

43*2 

o 

41'' 

42° 

43° 

44°      1 

45°       1 

46°       1 

47^ 

4^       1 

42 

I     0 

78-6 

43 

I  as 

74*1 

I     0 

78-8 

44 

I  43 

70*8 

I  25 

74*4 

X     0 

79-0 

45 

I  58 

68-1 

I  43 

7I-I 

I  25 

•74*7 

X     0 

79** 

46 

2  12 

65-8 

I  58 

68-5 

I  43 

71*5 

I  25 

74*9 

X     0 

79*4 

47 

2  23 

63-8 

2    17. 

66-2 

I  58 

68-8 

I  43 

71-8 

I  25 

75-2 

I     0 

796 

48 

*  34 

62*0 

2    r.3 

64-2 

2  12 

66-6 

I  58 

69*2 

I  43 

72*2 

X  25 

75*5 

X     0 

79*8 

49 

2  44 

6o'4 

2    33 

62-4 

2  23 

646 

2  12 

67-0 

I   58 

69*5 

I  43 

72-4 

I  i5 

75*7 

T       0 

79*9 

50 

*  53 

58-9 

2    44 

609 

2  34 

62-9 
61-3 

2  23 

65-1 

2  12 

67-4 

»   59 
2  12 

69-9 

«  43 

727 

»    25 

75'9 

51 

3     > 

57-6 

2  53 

59*4 

2  44 

2  34 

63-4 

2  24 

65*5 

67-8 

»  59 

70-2 

I  44 

73-0 

52 

3     9 

56-4 

3     » 

58-1 

2  53 

59*9 

2  44 

6r8 

2  34 

63-8 

2  24 

65-9 

2    X2 

68- X 

'  59 

70-6 

53 

3   16 

55'a 

3     9 

56-9 

3     I 

586 

2  53 

60-4 

2  44 

62-3 

2  35 

65*2 

2    24 

66-3 

2  13 

68-5 

54 

3  23 

54*? 

3   17 

55*8    3     9 

57-5 

3     2 

59*^ 

2  54 

60-9 

»  45 

628 

2    35 

647 

2  25 

667 

55     3  -jO 

53'2 

3  24 

54-8 

i   17 

56-4 

3   10 

58-0 

3     a 

59*7 

2  54 

6i'4 

2  45 

63-2 

2  36 

65-1 

56     3  36  152-3 

3  30 

53*8 

3  24 

55*3 

3   »7 

569 

3   10 

58-5 

3     3 

6o*2 

2  55 

6x'9 

2  46 

63  7 

57 

3  43  51-5 

3  37 

52-9 

3  31 

54-4 

3  25 

55*9 

3   18 

57-5 

3   11  59'| 

3     3 

60-7 

2  55 

62-4 

58 

3  48   50-7 

3  43 

52-1 

3  37 

53*5 

3  32 

55-0 

3  25 

56-5 

3   19 

58-0 

3  12 

596 

3     4  6i-2j 

59 

3  5^ 

49*9 

3  49 

51*3 

3     44 

527 

3  38 

54*1 

3  3*' 

556 

3  26 

57-0 

3  20 

58-6 

3   13  6o-2| 

60 

3  59 

49** 

3  55 

50*6 

3    50 

?»*9 

3  44 

53*3 

3  39  '54-7 

3  33 

562 

3  27 

57-6 

3  20  1 

59-1 

61 

4     5 

486 

\-    0 

49*9 

I    55 

51-2 

3  5« 

526 

3  45|53-9 

3  40 

55*3 

3  34 

56-7 

3  28 

58*2 

62 

4  10 

48-0 

4     6 

49  3 

4       I 

>o'6 

3  56 

Si-8 

3  5»|53-2 

3  46 

54*5 

3  41 

55*9 

3  35 

57*3 

63 

4  M 

47-A 

4  II 

4^:7 

4       i- 

49-9 

4     2 

51-2 

3   57  52-5 

3  53 

53-8 

3  48 

55*2 

3  42 

56-5 
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or  THE  8BA 
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0 
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1 

I  o 

9 
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3 

I  40 

4 

2   O 

« 
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6 

2  20 

7 

2  40 

8 

2  50 

9 

3  0 

10 

3  10 

IS 

3  20 

14 

3  40 

16 

4  0 

18 

4  w 

90 

4  20 

22 
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24 

4  50 

26 
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28 

5  »o 

ao 

5  20 

36 

5  50 

40 
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45 

6  50 

50 

7  0 

55 

7  20 

60 

7  40 

65 

8  0 

70 

8  10 

75 

8  30 

80 

8  50 

85 

9  0 

90 

9  20 

100 

9  50 

110 

10  20 

120 

10  50 

130 

II  20 

140 

II  40 

150 

12  10 

160 
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12  30 

12  50 

180 

13  10 
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13  40 

200 

14  0 

210 

14  20 

220 

14  40 

240 

15  10 

280 

15  50 
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16  30 

90O 

17   0 

MEAN  ASTRONOMICAL  REFRACIION. 
(Bannneter,  80  inches.    Fahrenheit's  Thermometer,  50*^) 
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Ait. 
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50 
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40 
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15 
80 
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40 
45 
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10 
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35 
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40 
45 
50 
55 
5  0 
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10 
15 


20 
25 
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35 
40 
45 
50 
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5 
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31  15 
30  23 

28  41 
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24  22 
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21  o 
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18  20 

17  34 
17  12 
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15  34 
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14  59 
14  42 

14  26 

14  10 

13  55 
13  41 

13  27 

13  13 
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12  47 


D.tol 
10' 
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12  22 
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II  47 

II  36 

II  26 
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10  55 
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10  10 
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9  46 
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9  30 
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8  36 

8  30 

8  24 
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94 
86 

78 
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67 
62 

58 
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49 
46 
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37 
36 

35 
34 
33 
3» 

31 

30 

19 
28 

27 
26 
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15 

44 

24 

»3 
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21 

21 
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20 

>9 
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18 

18 

18 
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30 
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40 
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26 
30 
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50 
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20 
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50 
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40 
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6 


8 

8 
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56 
50 
45 
4^ 

35 

30 
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II 

7 
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6  50 

6  46 

6  42 
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6  31 

6  27 
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6  9 
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6 
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o 

57 
54 
51 
48 

45 
4* 
39 
36 


33 

3> 

15 
20 

15 

lO 

6 
I 

56 

C2 
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4 
4 
4 
4 
4 


48 

44 
40 

36 

3* 
28 

15 
21 

18 
14 


12 
12 
II 
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10 
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10 

9 

9 

9 

9 

9 

9 

9 

9 
8 

8 
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8 

8 
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7 
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7 
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7 
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6 
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20 
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80 
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80 
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30 
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30 
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30 
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30 

24  0 
30 
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30 
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30 
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30 
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30 
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30 
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30 
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30 
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8 
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53 

50 

47 
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42 
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37 

35 

3» 

30 
28 

45 

*3 

21 

19 
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2 
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II 
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3 

58 
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48 

44 


2 
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2 
2 
2 
2 
2 
2 
2 
2 
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20 
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10 

7 
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2 
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51 
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43 
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80 
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30 
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42 
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46 
46 

47 
48 
49 
50 


51 
62 
53 
54 
55 
56 

67 
68 
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60 


61 
62 
63 
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65 
66 

67 
68 
69 
70 


71 
72 

73 
74 
76 
76 


78 

79 
80 
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0 
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0 
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0 
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0 
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0 
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0 
0 
0 
0 
0 
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0 
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90 
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,D.io 
Refracj  {{y 


23^2 

21*7 

20*2 
i8'8 

I7'4 
i6'o 

14*6 

13-3 

12*0 

io*7 

9'5 


71 
4-8 

2*6 

0-4 

58-4 

5^-3 

54'4 
52*6 

50*7 

49-0 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


47- 3 
45-6 

44*0 

42*4 

40-9 

39H 
37*9 
36*5 
35-1 

33*7 


o 
o 
o 
o 
o 
o 
o 
o 
o 


3*'4 
31*0 

29*8 

28*5 

27*2 

26*0 

24*8 

i3'6 

22 '4 

21*3 


o 
o 
o 
o 
o 
o 


o 
o 


20*l 

i9»o 
17*9 
16*7 
15*7 
14*6 
13-5 
12*4 
11*3 
io*3 


o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


9*2 
8*2 
7*2 

6*1 

5*« 

4'x 

3-1  i 

2*0 

i*o 

■   O 


'50 
•50 

•47 

•47 

•47 

•47 

•43 

•43 

•43 
•42 

•40 

•38 

•35 

•34 

•34 

•33 
•32 

•31 

•30 
•29 

•28 
*27 
*26 

•26 

•15 

•^5 

•a5 

•»4 

•*4 
•23 

*22 
•22 
•22 
•21 

*2I 
*20 

*20 
*20 
•20 
•20 

•20 
•20 
•19 
•19 
•18 
•18 

*i8 

•17 

•17 
•17 

•17 
•17 

•17 

•17 

•17 

•17 

•17 

•17 

•17 

•17 


630 


TABLE  32 


C„..c™»  O,  ™.  „.»  ....0..„»  «,.  ™.  H.O.,  „,    1 

THE  THERMOMETER 

► 

1 

Altitudes                        | 

4* 

5«  •  64** 

6** 

«r 

r 

74° 

r* 

9^ 

10« 

12° 

15" 

120" 

30" 

40P 

50" 

70" 

90^ 

o 

add 

add 

add 

add 

add 

«uM 

luU 

«uM 

add 

adtf 

add 

luU 

<«» 

add 

add 

odtf 

odtf 

0 

69" 

61" 

Si' 

54" 

51" 

48" 

46" 

43" 

39'1 

36" 

30" 

25" 

18" 

I2"|  8'1 

5'7 

a'5 

© 

2 

66 

58 

55 

5» 

48 

46 

43 

41 

37 

34 

29 

23 

18 

7*7 

5*4 

a-4 

© 

4 

63 

56 

5a 

49 

46 

44 

41 

39 

36 

3» 

28 

22 

17 

74 

5-a 

2-3 

0 

6 

60 

53 

50 

47 

44 

4a 

39 

37 

34 

3» 

26 

21 

16 

7'o 

49 

2'I 

© 

8 

57 

50 

47 

44 

4* 

40 

37 

36 

31 

29 

as 

20 

15 

6-7 

4'7 

2-0 

© 

10 

55 

48 

45 

42 

40 

37 

35 

34 

3» 

28 

44 

19 

14 

Q 

6j 

4*4 

1-9 

0 

12 

51 

45 

42 

40 

37 

35 

34 

32 

29 

26 

22 

18 

"4 

6'o 

4^* 

1-8 

© 

M 

48 

42 

40 

37 

35 

33 

V- 

30 

27 

45 

21 

17 

13 

5-6 

4-0 

1-7 

© 

IH 

44  40 

37 

35 

33 

31 

30 

28 

26 

23 

20 

16 

12 

53 

3'7 

1-6 

© 

18 

4»   37 

35 

33 

Ji 

29 

28 

26 

H 

22 

19 

15 

II 

50 

3'5 

>S 

© 

20 

39 

35 

33 

3' 

29 

28 

26 

a5 

22 

20 

«7 

«4 

II 

4-6 

3*3 

»"4 

© 

22 

36 

3^ 

30 

29 

27 

*5 

«4 

23 

21 

19 

16 

»3 

10 

4*3 

3'0 

i"3 

© 

24 

33 

30 

27 

26 

15 

44 

22 

21 

»9 

17 

>5 

12 

9 

^ 

4-0 

2-8 

1*2 

0 

26 

30 

»7 

26 

44 

*3 

22 

20 

19 

18 

16 

"4 

II 

8 

3*7 

2-6 

1*1 

© 

28 

28 

*5 

23 

22 

21 

20 

19 

18 

16 

15 

12 

10 

8 

3-3 

»-4 

i*o 

© 

30 

26 

13 

21 

20 

»9 

18 

17 

16 

>5 

»3 

II 

9 

7 

3«o 

2'1 

"^'l 

© 

32 

22 

20 

»9 

18 

17 

16 

15 

14 

13 

12 

10 

8 

6 

^L 

2-7 

'7 

0-8 

© 

34 

21 

18 

17 

16 

»5 

>4 

13 

13 

12 

10 

9 

7 

5 

a-4 

»'7 

0-7 

© 

96 

18 

16 

15 

J4 

»3 

12 

12 

II 

10 

9 

8 

6 

5 

2*1 

i'5 

0-6 

© 

38 

15 

13 

12 

12 

II 

10 

10 

1 

9 

8 

7 

5 

4 

1*8 

1-3 

o'5 

© 

40 

«3 

II 

10 

10 

9 

9 

8 

7 

6 

5 

4 

3 

1*5 

i-o 

0-4 

© 

42 

10 

? 

8 

8 

7 

7 

7 

6 

6 

5 

4 

3 

3 

1*2 

08 

0-4 

© 

44 

7 

6 

6 

6 

5 

5 

5 

5 

5 

4 

3 

3 

% 

00 

0*6 

03 

0 

46 

5 

4 

4 

4 

4 

3 

3 

3 

3 

2 

2 

2 

I 

©•6 

0-4 

0'2 

© 

48 

2 

2 

2 

2 

s 

ft 

2 

2 

I 

I 

I 

I 

I 

0-3 

0*2 

©•I 

© 

60 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

© 

© 

tub.  tub. 

tub* 

tub. 

tub. 

tub. 

mth. 

«u^. 

j«6. 

tub. 

mtb. 

«tj5. 

nA. 

«ii5. 

9Ub. 

•Mb. 

wb. 

52 

2  1  2 

2 

2 

I 

I 

I 

I 

I 

I 

I 

I 

I 

0 

IX 

0-2 

©•I 

© 

«4 

4 

4 

4 

4 

3 

3 

3 

3 

3 

2 

2 

2 

I 

I 

%x 

©•2 

© 

56 

7 

6 

6 

6 

5 

5 

1 

5 

4 

4 

3 

3 

2 

I 

0*9 

©•3 

© 

58 

9 

8 

8 

7 

7 

7 

6 

5 

5 

4 

3 

3 

2 

ri 

o'8 

©•3 

0 

60 

II 

10 

10 

9 

9 

8 

8 

8 

7 

6 

1 

4 

3 

2 

1-4 

i*o 

©•4 

© 

62 

H 

13 

12 

II 

10 

10 

9 

9 

8 

7 

5 

4 

2 

1*7 

I '2 

©•6 

© 

64 

17 

15 

'4 

13 

12 

12 

II 

10 

9 

9 

7 

6 

4 

3 

2«0 

1*4 

0 

66 

»9 

»7 

16 

15 

14 

13 

12 

12 

II 

10 

8 

7 

5 

3 

2*2 

1-6 

0-7 

0 

68 

21 

19 

18 

16 

16 

15 

14 

13 

12 

II 

9 

8 

6 

4 

a*5 

1*8 

©•8 

0 

70 

«3 

21 

19 

18 

17 

16 

«5 

15 

>3 

12 

10 

8 

6 

4 

2-8 

2*0 

0-8 

c 

72 

15 

22 

21 

20 

19 

18 

17 

16 

'5 

13 

II 

9 

7 

4 

3-0 

2*1 

0-9 

0 

74 

27 

«4 

^3 

22 

21 

19 

18 

17 

16 

14 

12 

10 

8 

5 

3*3 

2-3 

I-© 

0 

76 

29 

26 

»5 

23 

22 

21 

20 

19 

17 

16 

»3 

II 

8 

5 

3l 

a'5 

i-i 

0 

7« 

31 

28 

27 

a5 

14 

22 

21 

20 

18 

17 

H 

12 

9 

6 

3-8 

2*7 

1-2 

0 

80 

^? 

30 

28 

27 

»5 

24 

23 

22 

20 

18 

>5 

12 

9 

6 

4*1 

29 

1*3 

0 

82 

36 

3a 

30 

28 

17 

«5 

*f 

23 

21 

19 

16 

»3 

10 

6 

4*3 

y\ 

1*3 

© 

84 

38 

34 

3* 

30 

28 

27 

26 

»4 

22 

20 

17 

14 

10 

7 

4-6 

3-2 

14 

0 

86 

40 

36 

34 

32 

30 

28 

27 

26 

^3 

21 

18 

»5 

II 

7 

4*9 

3'4 

i'5 

0 

88 

43 

38 

35 

33 

31 

30 

28 

27 

** 

22 

19 

»5 

12 

7 

5» 

3-6 

r6 

a 

90 

45 

39 

37 

35 

33 

3» 

30 

28 

26 

^3 

%Q 

16 

12 

8 

5'| 

3-8 

1-6 

0 

92 

47 

41 

39 

36 

35 

33 

3> 

^9 

a7 

44 

21 

17 

13 

8 

5-6 

3*9 

»*7 

0 

94 

49 

43 

40 

38 

36 

34 

3* 

31 

28 

26 

22 

18 

13 

8 

r* 

41 

r8 

0 

96 

5* 

45 

42 

40 

37 

37 

34 

3a 

29 

27 

»3 

18 

14 

9 

6-1 

4*3 

1-9 

0 

98 

53 

46 

44 

41 

39 

37 

35 

33 

30 

28 

23 

»9 

14 

9 

6-3 

♦'5 

"•9 

0 

100 

55 

48 

45 

43 

40 

38 

36 

35 

31 

29 

»4 

20 

15 

9 

6-5 

4-6 

2*0 

° 

1 

,^^^ 

• 

■M^ 

1 

^^^^ 

^a^mm 

i^^^ 

^^^ 

J 
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CORRECTION  OF  THE  MEAN  REFRACTION  FOR  THE  HEIGHT  OF           | 

f 

FHE  BAROMETER 

Bv. 

Altitudes 

B«r. 

1 

4*» 

6** 

54- 

IT 

ejo 

7° 

7|» 

8° 

9^ 

10^ 

ir 

16^ 

ao» 

W4ffbQP 

70*' 90° 

9Ub. 

adtf 

«7*5 

6o" 

so" 

46" 

4*" 

40'^ 

^r 

35" 

33" 

29" 

27" 

»2" 

18" 

_^«f 

r 

5^8 

4'o 

i'8 

0 

27« 

57 

♦! 

44 

41 

38 

36 

34 

3» 

28 

26 

21 

«7 

8 

55 

3-8 

1-7 

0 

27-7 

54 

4* 

4» 

39 

37 

34 

3* 

30 

27 

as 

20 

17 

5*3 

3-7 

1-6 

0 

27-8 

5« 

44 

40 

^l 

35 

33 

3« 

29 

26 

«4 

to 

16 

5« 

3*5 

■•$ 

0 

27-9 

48 

4a 

3« 

36 

33 

31 

29 

28 

*S 

22 

«9 

>S 

4-8 

33 

«•$ 

0 

S8-0 

46 

40 

37 

34 

3a 

30 

28 

26 

44 

►21 

18 

^4 

4-6 

3-2 

1-4 

0 

28*1 

44 

3! 

35 

3a 

30 

28 

27 

*5 

22 

20 

18 

14 

10 

4*4 

3-0 

i'3 

0 

28-2 

41 

36 

33 

V 

29 

27 

*5 

*4 

21 

19 

17 

13 

10 

4*1 

2*9 

1-3 

0 

28-3 

39 

34 

31 

*9 

a7 

as 

*4 

22 

20 

18 

16 

12 

9 

3*9 

2-7 

1*2 

0 

28-4 

37 

3» 

29 

27 

as 

a4 

22 

21 

«9 

17 

«S 

12 

< 

3*7 

2*6 

1*1 

0 

28-5 

35 

30 

»7 

»5 

H 

22 

21 

20 

18 

16 

'4 

II 

8 

3*4 

a'4 

I'O 

0 

31*6 

28« 

32 

28 

26 

24 

2a 

21 

20 

18 

»7 

15 

«3 

10 

7 

32 

2*2 

I'O 

0 

31-4 

28-7 

30 

26 

24 

22 

21 

>9 

18 

17 

»S 

»4 

12 

9 

7 

3-0 

1*9 

0*9 

0 

31-3 

288 

»7 

24 

22 

20 

"9 

18 

17 

16 

»4 

13 

II 

9 

6 

2-8 

1-8  t  8 

0 

31-2 

28-9 

as 

22 

20 

19 

»7 

16 

IS 

15 

>3 

12 

10 

8 

6 

a*5 

17 

K>-8 

0 

31  1 

29-0 

»3 

20 

18 

»7 

16 

15 

14 

>3 

12 

II 

9 

7 

5 

a'3 

1-6 

0-7 

0 

31  0 

291 

20 

18 

16 

»5 

H 

13 

13 

12 

11 

10 

8 

6 

5 

2*1 

1-4 

0-6 

0 

30-9 

29-2 

18 

16 

15 

H 

»3 

12 

II 

II 

9 

9 

7 

6 

4 

1-8 

1*3 

0*6 

0 

30-8 

29-3 

16 

H 

»3 

12 

II 

10 

10 

9 

8 

7 

6 

5 

4 

1-6 

I'l 

0-5 

0 

30-7 

29*4 

«4 

12 

II 

10 

10 

9 

8 

8 

7 

6 

5 

4 

3 

«-4 

i*o 

0-4 

0 

30-6 

29* 

12 

10 

9 

8 

8 

7 

7 

7 

6 

5 

4 

4 

3 

I'l 

08 

©■3 

0 

30*5 

29-6 

1 

S 

7 

7 

6 

6 

6 

5 

5 

4 

4 

3 

2 

o'9 

o'6 

0-3 

0 

30-4 

29-7 

6 

5 

5 

5 

4 

4 

4 

4 

3 

3 

2 

2 

to-7 

o*5 

0*2 

0 

30*3 

29-8 

4 

4 

4 

3 

3 

3 

3 

3 

2 

2 

2 

I 

I 

P'S 

0'3 

O'l 

0 

30*2 

29*9 

2 

2 

2 

2 

2 

1 

I 

I 

I 

I  ^ 

I 

I 

I 

0 

0*2 

0*2 

O'l 

0 

30*1 

90-9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

O'O 

0 

0 

0 

300 
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TABLE  35 


THE  SUN'S  PARALLAX  IN  ALTITUDE, 
AND  SEMIDIAMETER 

Month 

Semid. 

Altitude 

Semid. 

Month. 

€P 

10^i20^ 

30** 

40° 

60°'eo° 

70° 

80^ 

90° 

Jan.  1 

16' i/" 

8'7 

8'6 

8'2 

7^6 

6^7 

S'6 

4'4 

3*0 

0" 

16' 15' 

Deo.  1 

Feb.  1 

]6  15 

8-7 

8-6 

8*2 

7*6 

6-6 

5-6 

4*3 

3-0 

0 

16     9 

Nov.l 

Mot.  1 

16    9 

Z'€ 

8-5 

8-1 

7'5 

6-6 

5*5 

4-3 

3-0 

0 

16     I 

Oct.  1 

Apr.  1 

16    I 

8-5 

8-4 

8-0 

7'4 

6-5 

55 

4'3 

2-9 

0 

»S  S3 

SepLl 

Mmjl 

»S  53 

8-4 

8-3 

8-0 

7*3 

6-5 

5*4 

4* 

2*9 

0 

>S  47 

Aug.  1 

Jane] 

1547 

8-4 

8S 

8-0 

r3 

6-4 

5*4 

4'* 

2*9 

0 

15  45 

July  1 

DIP  OF  THE  SHORE 

HORIZON 

Ht.  of  the  Eye  in  ft.  | 

5 

10 

15 

20 

25 

30 

35 

40 

i 

/ 

/ 

/' 

/ 

/ 

/ 

^ 

1 

12 

17 

a3 

28 

34 

40 

45 

1 

3 

6 

9 

12 

M 

I7|20 

23 

n 

3 

4 

i 

8 

10 

12 

1416I 

2 

2 

4j 

5 

7 

8 

9 

II 

12 

n 

2 

3 

4 

6 

7 

8 

9 

10 

3 

3 

4 

5 

6 

7 

8 

9 

3* 

3 

4 

5 

6 

6 

7 

8 

4 

3 

^ 

5 

5 

6 

7 

7 

5 

4 

4 

5 

6 

6 

7 

6 

5 

5 

6 

6 

62S 
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TABLK  37 


COBRSSPONDINO  THBRlIOMSTBmS, 

Fahrenheit,  Centigrade,  R^amnr. 

F. 

C. 

R. 

F. 

C. 

R. 

1 

2 
3 

4 
5 

6 
7 
8 
9 
10 

o 
-17-8 

—  17*2 

— 16-7 

—  i6'i 
— 15'6 

—  i5'o 
-14-4 
-13.9 
-13-3 

—  12*8 

—  12*2 

0 

-I4-2 

—  13-8 
-13-3 

— 12*9 

-.12-4 

— 12'0 

-11-6 

—  Il'I 

— 107 

—  IO'2 

-9-8 

0 
60 

61 

62 

63 

64 

65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

16*1 
i6*7 
17-2 
17-8 
18-3 

i8'9 
19-4 
20 'O 
20*6 
21*1 

0 
124 

12*9 

»3'3 
13*8 

14*2 
H'7 
151 
15-6 

i6'o 

164 
16-9 

11 
12 
13 
l-i 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
-^8 
29 
30 

-  ii'7 

-  in 

-  io*6 

—  lO'O 

-  9*4 

-  8-9 

-  8-3 

-  7-8 

-  7-2 

-  6-7 

-  9.3 

-  8-9 

-  8-4 

-  80 

-  7-5 

-  7*1 

-  6-7 

-  6-2 

-  5-8 

-  5*3 

21*7 
22*2 
22*8 
23-3 
23-9 

a4-4 
25*0 

25*6 

26*1 

26*7 

'7*3 
17*8 

l8*2 

i8-7 
19*1 

19*6 

20-0 
20'5 
20*9 
21*3 

-  61 

-  5-6 

-  5-0 

-  4*4 

-  3*9 

-  3*3 

-  2-8 

—    2*2 

-  1-7 

-  1*1 

-  4*9 

-  4'4 
-  4-0 

-  3-6 

-  3-1 

-  2-7 

—    2*2 

-  1-8 

-  1-3 

-  09 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

27-2 
27-8 

28*3 

28*9 

29-4 

30-0 
30'6 
31-1 

3»'7 
32*2 

21*8 
22*2 

22*7 

aji 

23*6 
24*0 

a4-4 
24-9 

*S*3 
25*8 

31 
32 
33 
34 
35 

86 
37 
38 
39 
40 

-  0-6 
0 

0-6 
I'l 

1-7 

2*2 
2*8 

3-3 
3*9 
4*4 

-  0-4 
0 

0-4 
0-9 

'•3 
1-8 

2*2 

2-7 
3-6 

91 
92 
93 
94 
95 

96 
97 
98 
99 
100 

32-8 

33-3 
33*9 
34-4 
35*o 
35-6 
36*1 
36-7 

37*» 
37-8 

26*2 
26*7 
27*1 
27*6 
28*0 

28*4 
28*9 
29*3 
29*8 
30*2 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

5-0 
5-6 
61 
6-7 
7-2 

7-8 

8-3 
8-9 
9*4 

lO'O 

4-0 
4*4 
4*9 
5*3 
5-8 

6-2 

6-7 
7-1 

V^ 
8-0 

101 
102 
103 
104 
105 

106 
107 
108 
109 
110 

38-3 
38-9 

39-4 
40-0 

40*6 

41-1 
41-7 
42*2 
42-8 

43-3 

30-7 
31*1 
31*6 
32*0 

3a'4 

32*9 
33.3 

33-8 
34*2 
34'7 

51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

io'6 
11*1 

11-7 

12*2 
12*8 

«3'3 

139 

H-4 

15*0 

15-6 

8-4 
8-9 

9*3 
9-8 

IO'2 

io'7 
Il'I 
ir6 
12-0 

12-4 

111 
112 
113 
114 
115 

116 
117 
118 
119 
120 

43*9 
44*4 
45-0 

45*6 
46*1 

467 

47*» 
47-8 

48-3 
489 

351 

36*0 
36-4 
369 

37*3 
37-8 

38*2 

387 
39*1 

CORRBSPONDINO  FrBNCH  &  EmOLISH  MbASURZS      | 

Fe.  KUomitn,  Mdtre,  Dtelmta^  Cmtimdcre, 

MUUmdtra. 
£110.  MMtical  MilMi  Feet,  Inebee. 

fleelei 

Fr. 

Engliih 

Ft. 

Bng 

Mllee 

Feet 

Feet 

In. 

In. 

No. 

COTT.  to 

OOtTm  to 

corr.to 

corr.io 

MUL 

In. 

KU. 

Itttr. 

I>telin. 

Cent. 

Mill. 

1 

0*539 

r*! 

0*33 

o*39 

0*04 

640 

25-1 

2 

1-079 

656 

0*66 

0-79 

0*08 

643 

»5} 

3 

1618 

9-84 

0*98 

1-18 

0'12 

645 

»5*4 

4 

2*158 

13*12 

1-31 

1*57 

0*16 

648 

25s 

5 

2*697 

16*40 

1-64 

1-97 

0*20 

650 

25-6 

6 

3*237 

19*68 

1*97 

2-36 

024 

653 

»5'7 

7 

3.776 

22*97 

2*30 

2*76 

0-28 

655 

2S-8 

8 

4*316 

26*25 

2*62 

3*15 

0*31 

658 

»S'9 

9 

4-855 

a9*53 

2*95 

3-54 

0-35 

660 

26*0 

10 

5*394 

32-81 

328 

3-94 

0-39 

663 

26*1 

20 

10*79 

65-62 

6*56 

7*87 

o*79 

665 

262 

30 

16*18 

98*43 

984 

11*81 

1-18 

668 

i6*3 

40 

21*58 

131*2 

13*1 

»5*75 

>'57 

670 

264 

50 

26-97 

164*0 

i6*4 

19*69 

1*97 

673 

26-5 

60 

3a'37 

1969 

19*7 

23*62 

2*36 

676 

266 

70 

3776 

229*7 

23*0 

27*56 

2-76 

678 

»6-7 

80 

43*'5 

262*5 

26*2 

3150 

315 

681 

268 

90 

48-55 

»95-3 

29-5 

35*43 

3*54 

683 

26*9 

100 

53'94 

328*1 

32*8 

39-4 

394 

686 

27*0 

200 

107*9 

656*2 

7-87 

688 

27*1 

300 

i6r8 

984*3 

11*81 

691 

27*a 

400 

215*8 

1312*4 

15*75 

693 

27*3 

500 

269*7 

1640*4 

19-68 

696 

»7-4 

600 

323*7 

1968*5 

23*62 

698 

27-5 

700 

377-6 

2296*6 

27-56 

701 

27-6 

800 

43«-5 

2624*7 

31*50 

704 

177 

900 

485-5 

2952*8 

35'43 

706 

»7-8 

1000 

539*4 

3280*9 

39*37 

709 

*7*9 

711 
714 

aS'o 
28- 1 

716 

28*1 

719 

»8-1 

721 

i8-4 

724 

28-5 

726 

28*6 

729 

287 

732 

28*8 

734 

28-9 

737 

29-0 

739 

29-1 

742 

29*2 

744 

29*3 

747 

*9-4 

749 

»9-5 

752 

29*6 

754 

»97 

757 

29-8 

759 

299 

762 

30*0 

765 

301 

767 

30*2 

770 

30-J 

772 

30*4 

775 

30-5 

777 

jo'6 

780 

307 

782 

30*8 

nft 

30-9 

787 

310 

TABLE  38 

629 

CORRECTIONS  OF  ALTITUDE  OF  THE  SUN  AND  STARS,                          | 

(InvolTing  Dip,  Refraction,  ©  's  Semid 

.  and  Paralkx),                                         i 

worn,  APPaOZIMATB  UBB  AT  8BA.                                                                                1 

The  SUN.    Add  the  Coir,  to  the  Alt.  of  the  Lower  limb                                       1 

41 

▲ 

Height  of  the  Eye  in  Feet 

AU 

Ail. 

Alt. 

3 

4 

5 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

» 
4 

30 

4 
4 

3 

3 

3 

2 

2 

2 

* 
2 

< 
I 

0 
I 

I 

I 

* 

4 

0 

o 

* 
0 

0 
0 

4*36 

5 

0 

4 

4 

4 

4 

3 

3 

3 

2 

2 

2 

2 

2 

I 

I 

I 

5    0 

30 

5 

5 

5 

5 

4 

4 

4 

3 

3 

3 

3 

2 

2 

% 

2 

30 

6 

0 

6 

5 

5 

5 

5 

4 

4 

4 

4 

3 

3 

3 

2 

2 

2 

6    0 

30 

6 

6 

6 

s 

5 

5 

5 

4 

4 

4 

4 

4 

3 

3 

3 

30 

7 

0 

7 

7 

6 

6 

6 

5 

5 

1 

5 

4 

4 

4 

4 

3 

3 

7    0 

8 

0 

8 

7 

7 

7 

7 

6 

6 

5 

5 

5 

5 

4 

4 

4 

8    0 

9 

0 

8 

8 

8 

8 

7 

7 

7 

6 

6 

6 

6 

6 

5 

5 

5 

9    0 

10 

0 

9 

9 

9 

8 

8 

8 

7 

7 

7 

7 

6 

6 

6 

6 

5 

10    0 

11 

0 

9 

9 

9 

9 

8 

8 

8 

7 

7 

7 

7 

7 

6 

6 

6 

11     0 

12 

0 

10 

10 

9 

9 

9 

8 

8 

8 

8 

7 

7 

7 

7 

6 

6 

12    0 

14 

0 

II 

10 

10 

10 

9 

9 

9 

9 

8 

8 

8 

8 

7 

7 

7 

14     0 

16 

0 

11 

II 

10 

10 

IO 

9 

9 

9 

9 

8 

8 

8 

8 

8 

7 

7 

16    0 

18 

0 

11 

11 

ti 

II 

IO 

lO 

IO 

9 

9 

9 

9 

9 

8 

8 

8 

8 

8 

18     0 

iO 

0 

1% 

II 

II 

II 

II 

lo 

lO 

lO 

9 

9 

9 

9 

9 

8 

8 

8 

8 

20    0 

22 

0 

12 

12 

11 

II 

II 

IO 

IO 

IO 

IO 

9 

9 

9 

9 

9 

8 

8 

8 

22    0 

25 

0 

12 

12 

12 

12 

II 

II 

II 

IO 

IO 

lO 

IO 

9 

9 

9 

9 

9 

9 

25    0 

30 

0 

»3 

12 

12 

12 

II 

II 

IX 

It 

II 

IO 

IO 

IO 

IO 

9 

9 

9 

9 

30    0 

35 

0 

U 

»3 

12 

12 

12 

12 

12 

IX 

II 

II 

10 

IO 

IO 

IO 

10 

9 

35    0 

40 

0 

»3 

>3 

13 

12 

12 

12 

12 

II 

II 

II 

IO 

IO 

IO 

IO 

10 

9 

40    0 

45 

0 

13 

13 

»3 

"3 

12 

12 

12 

II 

II 

II 

II 

IO 

IO 

IO 

10 

10 

45    0 

50 

0 

14 

13 

13 

13 

12 

12 

12 

12 

II 

II 

II 

IO 

IO 

IO 

10 

10 

50    0 

60 

0 

«4 

«3 

«3 

13 

«3 

12 

12 

12 

12 

II 

II 

II 

IO 

IO 

10 

10 

60    0 

70 

0 

«4 

»4 

13 

13 

"3 

12 

12 

12 

12 

12 

II 

II 

II 

IO 

10 

10 

70    0 

80 

0 

H 

»4 

14 

»3 

13 

»3 

»3 

12 

12 

12 

12 

II 

II 

II 

11 

II 

10 

80    0 

90 
4 

0 
0 

»4 

14 

>4 

14 

»3      13 

»3 

12 

12 

12        12 

12        II 

11 

II 

11     10 

90    0 
4    0 





A 

STAR.     Subtract  the  Co 

rr. 

Height  of  the  Eye  in  Feet 

3 

4 

5 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

«3 

14 

14 

15 

15 

* 
»5 

i6' 

li 

i6 

i6' 

4 

17 

17 

* 
17 

17 

17' 

30 

12 

13 

>3 

H 

H 

14 

H 

»5 

»5 

15 

15 

i6 

i6 

i6 

16 

16 

30 
5    0 

5 

0 

12 

12 

12 

«3 

«3 

H 

H 

14 

14 

14 

15 

15 

15 

IS 

15 

30 

II 

II 

12 

12 

12 

>3 

>3 

13 

13 

14 

14 

14 

14 

14 

15 

30 
6    0 

6 

0 

10 

II 

11 

12 

12 

12 

12 

13 

13 

13 

13 

14 

14 

14 

14 

30 

10 

10 

II 

II 

II 

12 

12 

12 

12 

12 

»3 

13 

13 

13 

13 

30 

7 

0 

9 

10 

10 

II 

II 

II 

II 

12 

12 

12 

12 

12 

13 

13 

13 

7    0 

8 

0 

8 

9 

9 

IO 

IO 

IO 

II 

II 

II 

II 

II 

12 

IZ 

12 

12 

8    0 

9 

To" 

0 

8 

8 

9 

9 

IO 

9 

IO 

IO 

9 

IO 

IO 

II 

II 

ri 

II 

II 

9    0 

0 

7 

8 

8 

9 

9 

IO 

IO 

IO 

IO 

10 

II 

II 

10    0 

11 

0 

m 

7 

7 

8 

8 

9 

9 

9 

9 

9 

IO 

IO 

10 

10 

10 

11     0 

12 

0 

7 

7 

8 

8 

8 

8 

9 

9 

9 

9 

9 

10 

10 

10 

12    0 

14 

0 

6 

6 

7 

7 

7 

8 

8 

8 

8 

9 

9 

9 

9 

9 

14     0 

16 

0 

6 

6 

7 

7 

7 

7 

8 

8 

8 

8 

8 

9 

9 

9 

16    0 

18 

0 

5 

5 

6 

6 

7 

7 

7 

7 

8 

8 

8 

8 

8 

18     0 

20 

0 

5 

5 

6 

6 

6 

7 

7 

7 

7 

8 

8 

8 

8 

20    0 

22 

0 

5 

5 

6 

6 

6 

6 

7 

7 

7 

8 

8 

8 

22    0 

25 
30 

0 

4 

4 

5 

5 

6 

6 

6 

6 

7 

7 

8 

25     0 

0 

4 

4 

5 

5 

5 

6 

6 

6 

7 

7 

7 

7 

30    0 

35 

0 

4 

4 

4 

4 

5 

5 

5 

5 

6 

6 

6 

7 

35     0 

40 

0 

3 

4 

4 

4 

5 

5 

5 

5 

6 

6 

6 

6 

40    0 

45 

0 

3 

3 

4 

4 

5 

5 

5 

5 

6 

6 

6 

6 

45     0 

50 

0 

3 

1 

4 

4 

4 

5 

5 

5 

6 

6 

6 

6 

50     0 

60 

0 

3 

3 

4 

4 

4 

5 

5 

5 

5 

6 

6 

6 

60     0 

70 

0 

2 

3 

3 

4 

4 

4 

4 

5 

5 

5 

6 

6 

6 

70     0 

80 

0 

2 

2 

3 

3 

3 

4 

4 

4 

4 

5 

5 

5 

6 

80    0 

90 

0 

2 

2 

2 

3 

3 

4 

4 

4       4 

5 

5       5| 

6 

90    0 

630 


TABLE  89 


CORRECTION  OF  THE  MOON'S  APPARENT  ALTITUDE 
(Barometer,  SO  iiicbet.    Fahrenheit's  Thermometer,  60^) 


> 

App. 
Alt. 


O    / 

0  0 
10 
20 
30 
40 
60 


58 
21 


1  0 
10 

20 
30 

40 
60 


30 

3' 

32 

33 


39 


22 


u 


»9 
21 

22 

14  28(25  28I26 

as 
a? 


a  0 

10 
20 

30 
40 
60 


3  0 
10 
20 
30 
40 
60 


38 
38 
39 
39 

40 


4  0 
10 
£0 
30 
40 

60 

6  0 
10 
20 
30 
40 
60 


•  0 

10 
20 
30 
40 
60 


7  0 
10 
20 
30 
40 
60 


8  0 
10 
20 
30 
40 
60 


HoriBontal  Parallax 


63' 


64' 


/4 

6 
5» 


^3  5« 


26 
28 


58 
21 


29 


4930 
5631 


66' 


» 


14J21 

»3 

44 


27 
29 


28 

58 
21 


3930 
4931 


57 


46 


34 
35 
36 

36 
37 
37 


36 
22 

4 

44 
21 

55 


3a  57 


54^33  54134  54  35 
4636 


34  46 


28 
59 


2740 

5340 
1941 
42 


41  26 

41  46 

42  22 
4-a  39 


4» 
4» 
4* 
443 
43 
43 


4*  5443 
4-3  9 
4-3 
4-3 
43  50 


44 

*444 

3744 

44 

45 


44-  1445  »3 


K4  a4j45 

35 
H 
H 
45  4I46  3 


12 


45 

45  a« 

45 

45 

45 

45 


45 
46 
46 
46 


46  18 
46  23 


3| 
36 

37 
37 
3« 
38 


36 
22 

4 
44 

21 

55 


39 

39 


28 


5840 

27  4« 

5341 
18142 

41  42I42 


5143   ., 
2643  2544 

4543  4544 

4|44  445 
22 

44  38 


2244 


38 


5444 
945 


23 

37 


45 
4545 
5445 


46 
46 

2946 

3646 

43  4^ 


12 

20 
28 


5546 


47 
47 


1347  12 


47 
47 


39 
49 


5632  5633  56I34 


33  57 


35 


36 
37 
38 
38 
39 
39 


36 
22 

4 


44  39  A4¥>  444i 


2140 
5540 


40 


28 

58 


41 
41 


2742  2743 


53 


1843 
4*43 


4*  53 


444  445 


45 
45 


23 
37 


5045 
246 


46 


2446 
3446 


4446 
5446 


53 


47 
47 
47 


3547 
4*47 


II 
20 
28 

35 
42 


4946  4947  4848 


5547 
I4» 

748 
48 


1748 
2348 


60" 


u 


22 
24 

a5 

27 

28 
30 


1413 
625 


5' 
28 

58 
21 


3' 

3a 


39 


34 


67' 


// 


1424 
6I26 


26 
28 
29 

3' 


5> 
28 

58 
21 


3a 


37 
38 

39 


4537_ 

3038 

2239 

440 


39 

5^ 
57 
54 


68^   69^ 


27 
29 
30 

32 


// 
14 

5" 
28 

58 
21 


33 
34 
35 
36 

37 


39 
49 


W 


a5 
27 

28 

30 

31 

33 


1426 


6 

51 
28 

58 
21 


34 
35 


46I38  46 


^ 


36 


2240 
441 


21 41  2142 
554»  554a 


2842 


42 


43 


1844 


»5 
45 


45 

li 
5445 
946 


2843 

5843 
2644 

53  44 
184s 

4*45 


45 
45 


446 
21I46 

38I46 


446 
2546 
4546 

447 
47 


21 


46 
46 


3847 


4946 

-ill 

1347 
2447 

3447 
4447 


5446 

947 
a347 
3647 


5447 
948 


*3 


49 
I 


13 

a3 


47  53 


47 
48 


3648 
4948 
149 


48 
48 


3448 
4448 


33 
43 


48  53  49 


47348  249  2 


48 
48 

48 

48 
48 


II 

19 
a7 


3449  3450 


4* 
48 


49 

49 


5448 
049 
649 

1249 

1749 
2249 


o 

5 
II 

16 

2T 


49 
49 
49 


II 

«9 

27 


41 

47 


5449 
49 


50 
50 
50 
50 


53 

59 

5 
10 

15 

20 


5^36 
57  37 
54J38 
39 


3935 
4936 


39 


3640 
2241 

44a 
444a 
2143 
_5543. 

2844 


58 


2645 


53 


4a 


45 

3 
21 

38 


48 


53 
% 

22 

36 

49 
o 


56 
57 


54  39 
4640^ 

3641 
2242 

443 

44(43 
2144 

5544 


44 


45 


1846  18 


2845 

5845 
2646 

53/4^ 
47 


464247  41 


447 
a547 


47 
48 
48 
48 


448 
2548 

4548 

49 


3 
21 

37 


49 

49 


48 

49 

49 

49 

49 
o 


1249 
2349 


49 
49 


50 


12 
23 

33 
43 
5a 

X 


50 
50 
50 


50 
50 


10 
18 
26 

33 
40 

47 


50 
50 
5 

5 
5 


53 

59 

4 
10 

15 

20 


53 
8 

22 

36 

49 

o 


o  12 

O  22 

o  33 
o  43 

0  52 

1  1 


I  101 

I  18 

I  26 

»  33 
I  40 

I  46 


5a 

58 

41 

9 

»4 
19 


61' 


28 
29 

31 

3» 
34 


1427 
629 


51 

28 

58 
21 


37 
38 


39 
49 
56 

57 


5440 
4641 


36 
22 


21 
55 


42 
43 


44  44 
45 
45 


2846 
5846 


26 


47 


53  47 
1848 


48  4* 


449 
as  49 

44t49 

3 
21 

37 


49  SI 
P  8 

0  22 

o  35 

0  48 

1  o 


I  II 

I  22 
I  32 
I  42 

1  52 

2  I 


2   9 

2  17 
2  25 

a  32 

a  39 

a  45 


5a 

57 

3 
8 


3  «3 
3  18 


30 
32 

33 

35 


"  of  I  Corr.  for  "  of  Par.  ali. 
Par, 


14 
6 

5" 

28 

58 
21 


36 
37 
38 
39 


39 

5^ 

57 
54 
46 


36 
22 

4 

44 
21 

551 


28 

58 
26 

53 
18 


4 

as 

44 

3 
20 

37 
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GOKREGTION  OP  THE  MOON'S  APPARENT  ALTITUDE 
(Barometer,  30  Inches*    Fahrenbeit's  Thermometer,  50°) 
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1 04' 6 
io5'i 

131-0 
X3i*5 
132-0 
132-6 
133*1 
133*6 
134*2 

»347 
»35-3 
135-8 

165*0 
165-6 
i66*2 
166*8 
167*4 
168*0 
168-6 
169-2 
X69-8 
170*4 

202*9 
203-0 
204*2 
204-9 
205-6 
206*3 
206-9 
207*6 
208*3 
208*9 

244.-8 

145-5 
246*2 

247-0 

247*7 

248*5 

249-2 

249-9 
250*7 

251*4 

290-6 
291-4 
292-2 
293-0 
293-8 
294*6 
295*4 
296-2 
297-0 
297-8 

50 
49 
48 

47 

46 
45 
44 
43 
42 
41 

20 
21 
22 
23 
24 
25 
26 

27 

28 
29 

0'2 

0-3 
0-3 
o'3 
o'3 
0'3 
o*4 
o'4 
o'4 

o'S 

35 
3-6 

3*7 
3-8 
3-8 

39 
4-0 

4*1 
4-» 
4*3 

IO-7 
10-8 

IX'O 
XI'I 

ii'3 
11-5 
ii'6 
xi'8 
11*9 

12' 1 

21'8 
22 'O 
22'3 
22'5 
22'7 
22-9 
23-1 
234 
23*6 

23'8 

36'9 
37.2 

37*4 

377 
38'© 
38-3 
38*6 
38-9 
39'2 

39'5 

55-8 
56-2 

56-9 

57-3 
57-6 

58*0 

58-3 
58*7 
59-0 

78-8 
79*2 
79-6 
8o-o 
8o'4 
8o'8 
8i'3 
8i'7 
82' X 
82-5 

io5'6 
io6'x 
106-6 
107-0 
107-5 
io8-o 
io8*5 
109*0 
109-5 
1 10-0 

I36'4 
136-9 

J  37-4 
138*0 

138*5 
139-1 

139-6 

140-2 

1407 

141*3 

i7x*o 
171*6 
172*2 
172*9 
173-5 
174-1 

174-7 
»75-3 

176-6 

209*6 
210*3 
211*0 
211-6 
212*3 
213*0 
213-7 
214-4 
215-1 
215-8 

252*2 
252*9 
253*6 

*54-4 
»55-> 

256*6 

257-4 

258-1 

258-9 

298*6 
299-4 
300-2 
301-0 
301-8 
302-6 

303-5 
304-3 
305-1 
305-9 

40 
39 
38 

37 
36 
35 
34 
33 
32 
31 

30 
31 
32 
33 
34 
35 
36 

37 
38 
39 

o'5 

0-5 
0-6 

o'6 

o'6 

o'7 

0-7 

0-7 

o'8 

o'8 

4'4 

4-6 

4*7 
4-8 

4-9 

51 

5-» 

5*3 

X2'3 
12*4 
I2'6 
X2-8 
12-9 

i3'i 

13-3 

I3'6 
I3'8 

24*0 
24*3 
14' 5 

24-7 
25*0 
25*2 

*S*4 

»5-7 
25-9 

26*2 

39-8 
40'x 

40'3 
40*6 
4D'9 

41*2 

41-5 
41-8 

421 
4^-5 

59*4 
59*8 
6o*i 
6o'5 
6o'8 

6l'2 

6x'6 
6i'9 
62*3 
62*7 

83*0 

83-4 
83*8 

84-2 

847 
85'i 

IP 
86'o 

86*4 
86-8 

ii0"4 
ixo'9 
iix-4 
1x1*9 

112*4 

XI2-9 

1x3-4 

H3'9 
114-4 
114*9 

141*8 
142*4 
143-0 

143-5 
144.-1 

144-6 

145-2 

145-8 

h6*3 
146-9 

177-a 
177-8 
178-4 
179-0 
179-7 
180-3 
180-9 
181*6 
182*2 
182-8 

2i6'4 
217*1 
217*8 
2i8*5 
219*2 
219*9 
220-6 
221*3 

222-0 
222-7 

259-6 

260*4 
261*1 
261*9 
262*6 

263-4 

264*1 

264*9 
265-7 

266*4 

306-7 

307-5 
3084 

309*2 

310-0 

310-8 

311-6 

312-5 

313-3 
314-2 

30 
29 
28 

27 
26 
25 
24 
23 
22 
21 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

0-9 
o'9 

I'O 

i*o 
rx 
1*1 

1'2 
1*2 

1-3 
1-3 

5*7 
5-« 

Po 
6-1 
6-2 

^•5 

14*0 
14*1 

H-3 

14-7 
14-8 
15-0 

I5'2 

15*4 
X5'6 

26-4 
26-6 
26'9 
27*  1 
27*4 
27'6 
27*9 
28-x 

28-3 
28-6 

42*8 

43-1 

43*4 

437 
44.0 

44*3 
44'6 

44*9 
45*2 

45*5 

63*0 
63'4 
63'8 
64*2 
64-5 
64*9 
65*3 
65-7 
66'o 
66-4 

87-3 

877 
88*1 

88-6 

89*0 

89-5 

89*9 

90-3 

90-8 

91-2 

1x5-4 
115-9 
116-4 
1x6*9 

117*4 

117-9 
1x8*4 
1x8-9 
119-5 

X20-0 

147*5 
148-0 

148-6 

149-2 

H9-7 
150*3 

150-9 

151*5 

152-0 

152-6 

183-4 

184-1 

1847 
185*4 

186*0 

186*6 

187*3 

187-9 
188*5 

189*2 

223-4 
224-1 
224*8 
225*5 
226*2 
226*9 
227-6 
228*3 
229-0 
229-7 

267*2 
267*9 
268*7 

269*5 

270*2 
271*0 
271*8 
272*6 

273*3 

274*1 

315-0 

315-8 
316*6 

317*4 
318*3 

319-1 

319*9 

320-8 

321-6 

32**4 

20 
19 
18 

17 
16 
16 
14 
13 
12 
11 

50 
51 
52 
53 
54 
55 
56 

57 
58 
59 
60 

1*4 
>-4 
1-5 

i'6 

1-8 
1*8 

2'0 

6-6 
6'7 
6*8 
7*o 

7*2 

7-3 

7-6 

7*7 
7-8 

X5-8 

i6'i 
X6.3 
i6'5 

i6-7 
i6*9 
X7'i 
17'3 

«7*5 
17-7 

28*8 
29*1 
29-4 
29*6 
29.9 

30*1 
30*4 
30*6 
309 
311 

31-4 

459 
46-2 

46'5 

46-8 

47*1 

47-5 
47*8 

48*1 

48*4 
48*8 
49' 1 

66*8 
67*2 
67-6 
68'o 
68'3 
68-7 
69-1 
69-5 
69-9 
70-3 

707 

9X-7 
92'! 
92*6 
93'o 

93*5 
93*9 
94"4 
94-8 

95-3 
957 
96'2 

I20'5 
121-0 
121*5 

122*0 

X22*5 
123-X 
123-6 
124*1 
X24-6 
X25-X 
125*7 

i53'2 

1538 

154-4 

'54*9 

»55*5 
156*1 

156*7 

157-3 
157-8 

158-4 
159*0 

189*8 
190*5 
191-1 
191-8 
192*4 
193-1 
193-7 

194-4 
195-0 

195-7 
196-3 

230*4 
23I-I 

»3i*8 
232-5 
233*3 
234*0 

*34-7 
235-4 

236-1 

236-8 

»37-5 

*74-9 
275*6 

276*4 

277*2 

278-0 

278-9 

*79*5 
280-3 

281-1 

281-9 

282-7 

323-3 
324-1 
325*0 
325-8 
326-7 

3*7-5 
328-4 

329*2 

3300 
330-9 

33>-8 

10 
9 
8 

7 
6 
6 
4 
3 
2 
1 
0 

69"» 

58" 

57" 

56" 

55'« 

54"' 

53» 

62« 

51« 

50«» 

49m        48ni 

47m' 

B. 

11  Hours                                                                     1 

644 


TABLE  49 


FOB  COMPUTINO  THE  REDUCTION  TO  THB  MERIDIAN  IN  SECONDS 

0  Hours 

s. 

13» 

14m 

IS" 

16» 

17- 

18« 

19-  1 

20« 

21" 

22^ 

23"' 

24" 

0 
1 
2 
3 

4 
A 
6 

7 
8 
9 

331^8 
332*6 

333"4 
334*3 
335'a 
336-0 
336-9 

337'7 
3386 

339*4 

384^7 
385-6 

386-5 

387-5 
388-4 

389*3 
390-2 

39I-I 

39*' J 
393*0 

44,^6 
442-6 

443*6 
444*6 
445*6 
446-5 
447*5 
448-5 
449*5 
450-5 

502'5 

503*5 
504*6 

505-6 
506*7 

507*7 
508-8 

509*8 
510-9 
511-9 

567^1 
568-2 

569*3 
570-4 
571-6 

572*7 
573*8 

574*9 
576*1 

577*1 

636-9 
638-1 
639*3 
640*5 
641-7 
642*9 

644*1 

645-3 
646*4 

7o8'3 
709*5 

710*8 

712*1 

7>3*4 
714-6 

715-9 
717-1 
718*4 
719-6 

784^9 
786*2 

787*5 
788*8 

790*1 

79x4 
792-7 

794*0 

795-4 
796-7 

865'3 
866*6 

868*0 

869-4 

8708 

872*1 

873*5 

874*9 

87.6-3 
877-6 

949'6 
951*0 

951*4 

953*8 

955*3 

956-7 
958*1 

959-6 
961-1 

961*5 

i037'8 
1039-3 
1040*8 
1042-3 
1043*8 
1045*3 
1046-8 
1048*3 
1049-8 

1051*3 

ii29'9 
1131*4 
1133-0 
1134-6 
1136-2 
11378 
1139-3 
11409 
1142*5 
1 144-0 

60 
59 
58 

67 
66 
55 
64 
53 
52 
61 

10 
11 
12 
13 
14 
16 
16 

17 
18 
19 

340'3 
341-2 

342-0 

342*9 

343'7 
344-6 
345*5 
346-3 
347*a 
348-1 

393*9 
394-8 
395*8 
3967 
397*6 
398*6 

399*5 
400-5 

401-4 

402-3 

451*5 
451*5 
453*5 
454-5 
455*5 
456-5 
457*5 
4585 
459*5 
460*5 

513-0 
514-0 

5i5*« 
516*1 

517-2 

5183 

519*4 
520-4 

511-4 
522-5 

578-3 

579'4 
580-6 

581*7 
582-8 

583*9 

586-2 

587-3 
588-4 

647*6 
648*8 
650*0 
651-1 
652*4 

653*6 
654*8 
656*0 
657-2 

658-4 

720-9 
722-1 

713*4 
724-6 

725*9 

727-1 

728-4 
729-6 

730*9 
732-1 

798*0 

799*3 
800*7 

802*0 

803*3 

804*6 

806*0 

8o7*3 

8o§*6 

809*9 

879*0 
880-4 
881*8 
883-2 
884-6 
886-0 

887-4 
888-8 
890*2 
891-6 

963*9 
965*4 

966-9 

968-3 

969-8 

971*1 
972*7 

974*1 

975*5 
977*0 

1052-8 
1054*3 
1055-9 
1057-4 
1058-9 
io6c*4 
1062*0 
1063*5 
1065*0 
1066*5 

1145-6 
1X47*1 
1148-8 
1150*4 
1152-0 
1153-6 
1155-2 
1156-8 
1158-3 
1159*9 

50 
49 
48 

47 
46 
46 
44 
43 
4S 
41 

20 
21 
22 
23 
24 
25 
26 

27 
28 
29 

349*0 

349*8 
350-7 
351-6 
352-5 

353*3 

354*a 

355*« 
356-0 

356*9 

403-3 

404*i 
405-1 

406-0 

407-0 

408*0 

408-9 

409-9 

410*8 

411*7 

461-5 
462*5 

463-5 

464*5 

465*5 
466*5 

467*5 
468-5 

469-5 
470-5 

513-5 
524*6 

515-7 
526-8 

517*9 
528*9 

530-0 

531-1 

532*2 

533*1 

589-6 
590*7 

591*9 
593-0 

594*1 

5951 
596-4 

597*5 
598-7 
599*8 

659-6 
660*8 
662-0 
663-2 
664*4 
665-6 
666*8 
6680 
669*1 
670-4 

733'5 
734'7 
736-0 

737*1 

738-5 

739*7 
741*0 

741*3 

743-6 

744*8 

811*3 
811*6 
813*9 

815*1 
8i6*6 
817*9 
819*2 
820*5 
821-9 
823*2 

893*0 

8944 
895*8 
897-2 
898-6 
900*0 
901*4 
902-8 
904-2 
905-6 

978*5 

9799 
981-4 

981*9 
984*4 

985*8 

987*3 
988-8 

990*3 
991-8 

1068-1 
1069*6 
1071*1 
1072-6 
1074*1 
1075-7 
1077*1 
1078*7 
1080*3 
io8i-8 

ii6i*5 
1163-1 
1 164*7 
1166-3 
1167-9 
1169-5 
1171*1 
1172*7 

1174*8 
1175-9 

40 
39 
38 

37 
36 
35 
34 
33 
32 
31 

30 
31 
32 
33 
84 
35 
36 

37 
38 
39 

357*7 
358-6 

359*5 
360*3 

361-2 
362-1 
363-0 
363-9 
364-8 
365*7 

412*7 
413*6 
4146 
415-6 
416-6 

4'7*5 
418-4 

419*4 

410*3 

421*3 

471-5 
472-6 

473*6 
474-6 

475-6 
476*6 

477*6 

478-7 
479-7 
480-7 

534*3 

535*4 

536-5 

537-5 
538*6 

539*7 
540-8 

541-9 
5430 

544*1 

601-0 

602«1 

603*3 
604*4 

605-6 
606-7 
607-9 
609-0 
610-2 

611*3 

671*6 
672-8 

674-1 

676*5 

677*7 
678-9 

68o-i 

681-3 

682-5 

746*1 

747-4 

748*7 

749*9 
751*1 

751-5 
753*8 
755-0 

756*3 
757-6 

824-6 
825-9 
827*3 
828*6 
829*9 
831*2 
832-6 

833*9 

835*3 
836-6 

907-0 
908*4 
909*8 
911-2 
912*6 
914-0 

915-5 
916-9 

918*3 
919*7 

993*2 

994*7 
996*2 

997*6 
999-1 
ioco-6 
1002-1 
1003-5 
1005*0 
1006-5 

1083-3 
1084*8 
1086-4 
1087*9 
1089-5 
1091*0 
1091-6 
1094-1 
1095*7 
1097*1 

1177-5 

1179*1 
"1180*7 

1182*3 

1183*9 

1185*5 

1187*1 

ii88*7 

1190*3 

1191-9 

30 
29 
28 

27 
26 
25 
24 
23 
22 
21 

40 
41 
42 
43 
44 
45 
46 

47 

48 
49 

3665 

367-5 
368*4 

369*3 

370*2 

371*1 

372-0 

372-9 

373*8 
374*7 

422-2 

4»3-» 
424-2 

425-1 

426-1 

427-0 

428-0 

429*0 

430*0 

430-9 

481*7 
482*8 

483*8 
484*8 
485*8 
486*9 

487-9 
488*9 
490-0 
491-0 

545*1 
546-2 

547-3 
548-4 

549-5 
550-6 

55»*7 
551*8 

553*9 
555-0 

612*5 
613-6 
614-8 

615-9 

617-1 

618*2 
619-4 

620-5 
621-7 

622-8 

683-8 
685-0 
686-1 

687-4 
688-7 

689-9 

691*1 

692*3 

693*6 

694-8 

758*9 
760*1 

761*5 

762-8 

764*0 

765*3 
766-6 

767-9 
769*2 

770*5 

838-0 
839*3 

840-7 
842*0 

843*4 
844*7 
846  1 

847*5 
8489 

850-1 

921*1 
921*5 
913*9 

915*3 
926-8 

928-2 

929*6 

931*0 

931*4 
933-8 

1008*0 
1009-4 
1010*9 
1012*4 
1013-9 
1015*4 
1016-9 
1018*4 
1019-9 
1021-4 

1098-8 
1100*3 
1101*9 
1103-4 
1105-0 
1106-5 
1108*1 
1109*6 
1111*1 
1111*7 

1193-5 
1195*1 
1196*7 
1198*3 
1199*9 

I201*5 

1203*1 
1204-7 
1106-4 
1108*0 

20 
19 
18 

17 
16 
15 
14 
IS 
12 
11 

60 
61 
62 
63 
64 
65 
66 

67 
68 
69 
00 

375*6 

376*5 

377*4 

378-3 
379*2 

380-2 

381*1 

382-0 

382-9 

383*8 

384*7 

431*9 
432-8 

433-8 
434*8 

435-7 
436-7 

437*7 

438-7 
439*6 

440*6 

441*6 

492-0 

493*  > 
494*1 

495-2 

496-2 

497-2 

498-2 

499-2 

500*3 

501-4 

502-5 

556-1 

557-1 
558*3 
559-4 
560*5 
561-6 

562-7 
563*8 

566-0 

567-1 

624-0 
625*2 
626-4 
627*5 
62**7 
629*9 
631*1 
632*2 

633*4 
634-6 

635*8 

696-0 
697*2 
698*4 
699-6 
700-9 
702-2 

703-5 

704*7 
705*9 

707-1 

708*3 

771*8 
773*1 
774-5 
775-8 
777-1 

778-4 
779*7 
781-C 

782-3 
783-6 

784-9 

851*6 
851*9 

854-3 
855*6 

857-1 

858*4 
859*8 

861*1 

862*5 

863-9 

865-3 

936*6 
938*1 

939*5 
940*9 

941*3 

943*8 

945*1 
946-6 

948*1 
949-6 

1021-8 
1024-3 
1015*8 
I017-3 
1028-8 
1030-3 
1031-8 

1033*3 
1034-8 

1036*3 

1037*8 

1114*3 
1115-8 
1117*4 
1118-9 
1110*5 

IIll-O 

1113*6 
1125*1 
1126*7 
1128-3 
1129*9 

1109*6 
1111*1 

Illl-O 

1114-5 

1116*1 

1117*7 
1118*4 
112  I*C 
1111-6 
1114-1 
1125-9 

10 
9 
8 

7 

6 
6 

4 
3 
9 

1 
0 

46" 

46"       44« 

43« 

42- 

41- 

40« 

Sfl"' 

38» 

87™ 

36" 

85" 

I. 

11  Houiia                                                                       1 
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TABLE  50     645 


Fom  CoMPU 

TIKO  TJ 

BE  RED''  TO  THE  MER"  IN  SECD«.| 

0  Hours 

8. 

25» 

26™ 

27- 

28« 

29m 

80™ 

0 

1 

2 

8 

4 

ft 

6 

7 

8 
9 

1225^9 

1227-5 

1229*2 
1230*8 
1232-5 

1234-1 
1235-7 
1237-3 

1239-0 
1240*6 

1325^9 

1327-6 
1329*3 
1331*0 
1332*7 

1334-4 
1336*1 

1137*8 

1339-5 
i34«-» 

1429^7 

1431-4 
1433*2 
I434'9 
1436*7 
1438*5 

1440-3 
1442*1 

1443*9 
14456 

1537^5 
1539*3 
15411 
1542*9 
1544-8 
1546-6 

1548-4 
1550-2 
1552*1 

1553*9 

1649*0 
1650-9 
1652*8 
1654-7 
1656-6 

1658*5 
i66o'4 

1662*3 

1664-2 

i666*i 

1764^6 
1766*6 
1768-5 

1770-5 
1772*4 

1774*4 
1776-3 

1778*3 
1780*3 

1782*3 

60 
59 
58 

67 
56 
56 
54 
53 
52 
51 

10 
U 
12 
13 
14 
15 
16 

17 
18 
19 

1242*3 
1243-0 
1245*6 

iH7'a 
1248-9 
1250*5 
1252*2 
1253*8 
1255-5 

1257*1 

>34*-9 
«344'6 

1346-3 
1348*0 

1349*7 

1351*4 
1353*2 

1354*9 
1356*6 

1358*3 

1447*4 
14492 

14510 

14528 

1454*5 
1456*3 
1458*1 

1459*9 
1461-6 

1463*4 

1555*8 
1557-6 

1559*5 
,561-3 
1563-2 
1565-0 
1566-9 

1568*7 
1570-5 

1572*4 

1668-0 
1669-9 
1671*9 
1673*8 
1675-7 
1677-6 
1679*5 
1681*4 
1683-3 
1685-2 

1784-2 
1786*2 
1788*2 
1790-1 

1792-1 
1794*1 
1796-1 

1798-1 
i8oo'0 

l802'0 

50 
49 
48 

47 
46 
45 
44 
43 
42 
41 

20 
21 
22 
23 
24 
25 
26 

27 
28 
29 

1258*8 
1260*4 
1262*1 
1263-7 
1265-4 
1267*0 
1268*7 
1270*3 
1272*0 
1273-7 

1360*1 
1361*8 
1363*5 
1365*2 
1367*0 
1368*7 
1370*4 
1372*1 

1373*9 
1375*6 

1465-2 
1466*9 
1468-7 
1470*5 
1472-3 
1474*0 

1475*9 

1477*7 

H79'S 
1481-3 

»574*3 
1576*1 

1578*0 

1579*8 

1581*7 

1583*5 

1585-3 
1587-2 

1589-1 
1590*9 

1687*2 
1689-1 
1691*0 
1692*9 
1694-8 
1696-7 
16986 
1700*5 
1702*5 
1704-4 

1804-0 
1805*9 
1807*9 
1809-9 
1811*9 
1813*9 
1815*8 
1817*8 
1819-8 
1821*8 

40 
39 
38 

37 
36 
35 
34 
33 
32 
31 

30 
31 
32 
33 
34 
35 
36 

37 
38 
39 

1275-4 
1277*1 
1278*8 
1280*4 
1282-1 
1283*8 
1285*5 
1287*1 
1288-8 
1290*5 

1377-4 
1379-1 
1380*8 
1382*5 
1384*2 
1385*9 

1387*7 
1389*4 

1391*2 

1392-9 

1483-1 

1484*9 
1486-7 

1488*5 

1490*3 

1492*1 

1493*9 
1495*7 

1497*5 
1499*3 

1592-7 
1594*6 

15965 
1598-3 
1600*2 
1602-1 
1604*0 
1605*9 
1607-7 
1609*6 

1706-3 

1708*2 

1710*2 

1712*1 

1714*0 

1715*9 

1717*9 
1719*8 

1721*7 

1723*6 

1823*8 
1825*8 
1827-8 
1829*8 
1831-8 
1833*8 
1835*8 
1837-8 
18398 
1841-8 

30 
29 
28 

27 
26 
25 
24 
23 
22 
21 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

1292-2 
1293*8 
1295*5 
1297*2 
1298*9 
1300*5 
1302*2 
1303*9 
1305*6 
1307-3 

1394*7 
1396-4 

1398*2 

1399*9 

1401.7 

1403*4 

1405-2 

1406*9 

1408-7 

1410*4 

1501-1 
1502*9 

1504*7 
1506*5 

1508*4 

1510*2 

1512*0 

1513*8 

1515*6 

1517*4 

1611*5 
1613*3 
1615*2 
1617*1 
1619*0 
1620*8 
1622*7 
1624*6 
1626*5 
1628-3 

1725*6 
1727*5 
1729*5 

1731*5 

1733*4 

1735*3 
1737*2 

1739*2 

1741*2 

1743*1 

1843-8 

'^5*8 
1847*8 
1849*8 
1851*8 
1853*8 
1855*8 
1857*8 
1859*8 
1861*8 

20 
19 
18 

17 
16 
15 
14 
13 
12 
11 

SO 
51 
52 
A3 
54 
55 
56 

57 
58 
69 
60 

1309*0 
1310*7 
1312*4 
13141 

1315*7 
1317*4 
1319-1 
1320*8 
1322*5 
1324*2 
1325-9 

1412*2 

1413*9 
1415*7 
1417-4 

1419*2 
1420*9 
1422*7 
1424*4 
1426*2 
1427*9 
1429-7 

1519*2 
1521*0 
1522*9 

1524*7 
1526*5 
1528*3 
1530*2 
1532*0 

1533*8 
1535*6 

1537*5 

1630-2 
1632-1 
1634*0 

1635-9 
1637*7 

1639*6 

1641*5 
1643*3 

1645-2 

1647*1 

1649*0 

1745*1 

1747*0 
1749-0 
1750*9 

1752*9 
1754*8 
1756*8 
1758*7 
1760*7 
1762*6 
1764*6 

1863*8 
1865-8 
1867*8 
18698 
1871*8 

1873*8 

1875*9 
1877*9 

1879-9 

1882*0 

1884-0 

10 
9 

8 

7 
6 
5 
4 

S 
2 

1 

1    34"»         33" 

32" 

31™ 

SO™        29™ 

- 

11    HOUES                                                     1 

For  computing 

THE  ad  REDUCTION 

IN  SECONDS 

Hoar 

2iid 

Hour 

2nd 

Angle. 

Red. 
o^'i 

Angle. 

Red. 

10«  0» 

2S'»60» 

Vo 

U     0 

0-1 

24     0 

3*1 

11  30 

0-2 

24  JO 

3*2 

12     0 

0-2 

24  20 

3*3 

12  30 

0*2 

24  30 

3*4 

13    0 

o*3 

24  40 

3*4 

13  30 

0-3 

24  50 

3*5 

14    0 

0-4 

25     0 

3*6 

14  30 

0*4 

25  10 

3*7 

15    0 

0-5 

25  20 

3*8 

15  30 

0*5 

25  30 

3*9 

16    0 

0*6 

25  40 

4*0 

16  30 

0*7 

25  50 

4*1 

17    0 

0*8 

26    0 

4*3 

17  30 

o*9 

26  10 

4*4 

18    0 

i-o 

26  20 

4*5 

18  30 

1*1 

26  30 

4*6 

19    0 

1-2 

26  40 

4-7 

19  30 

1*3 

26  50 

4*8 

19  40 

1*4 

27    0 

5*0 

19  50 

1*4 

27  10 

5*1 

20    0 

1*5 

27  20 

5*2 

20  10 

1*5 

27  30 

5*3 

20  20 

1*6 

27  40 

5*5 

20  30 

1*6 

27  50 

5*6 

20  40 

1*7 

28    0 

5*7 

20  50 

1-8 

28  10 

'>*9 

21     0 

1*8 

28  20 

6*o 

21  10 

1*9 

28  30 

6*1 

21  20 

1*9 

28  40 

6*3 

21  30 

2*0 

28  50 

6*4 

21  40 

2*1 

29    0 

6*6 

21  50 

2*1 

29  10 

6*7 

22    0 

2-2 

29  20 

6*9 

22  10 

2*2 

29  30 

7*1 

22  20 

2.3 

29  40 

7*2 

22  30 

2*4 

29  50 

7*4 

22  40 

2*5 

30    0 

7*5 

22  50 

2*5 

30  10 

7*6 

23    0 

2*6 

30  20 

7*9 

23  10 

2-7 

30  30 

81 

23  20 

2*8 

30  40 

8-2 

23  30 

2*8 

30  50 

8*4 

23  40 

2*9 

31     0 

8*6 

646 

TABLE  51 

CORRECTION  OF  THE  ALTITUDE  OF  THE  POLE-STAB  FOR  1878. 

■ 

Altitudes 

Altitudes 

a  E 

R.A. 
Mer. 

) 

R.A. 
Mer. 

/ 

•"  c 

>  0 
sub. 

0<^ 

309 

50^ 

70<» 

80<» 

0^ 

30® 

50° 

70° 

80» 

h   m 

sub. 

sub. 

'  sub. 

sub. 

sub. 

h   m 

add 

add 

add 

add 

add 

0  0 

I°i6' 

xOi6' 

x°i6' 

i«i6' 

i°i6' 

12  0 

I°i6' 

x®i6' 

x^ie' 

x^i/ 

x«>i7' 

0  so 

X  x8 

X  x8 

X  x8 

I  18 

I  18 

12  SO 

I  x8 

X  i8 

X  x8 

I  18 

I  19 

1  0 

X  20 

X  20 

X  20 

I  20 

X  20 

13  0 

X  20 

X  20 

I  20 

X  20 

I  20 

1  so 

X  20 

X  20 

I  20 

I  20 

X  20 

13  30 

X  20 

X  20 

X  20 

X  20 

I  20 

2  0 

I  X9 

I  19 

I  19 

X  19 

»  X  19 

14  0 

X  19 

I  X9 

X  X9 

I  X9 

I  X9 

2  20 

X  17 

I  X7 

1 17 

I  17 

X  x6 

1*  20 

I  17 

I  17 

X  X7 

X  X7 

I  X7 

2  40 

I  IS 

«  IS 

I  *5 

I  15 

I  X4 

14  40 

»  15 

I  15 

I  15 

I  15 

I  x6 

S  0 

I  12 

X  12 

X  X2 

I  12 

I  XI 

15  0 

X  12 

X  X2 

I  X2 

I  X3 

I  13 

S  10 

I  lO 

X  xo 

X  XO 

I  10 

*  9 

15  10 

X  10 

X  XX 

X  XX 

I  XX 

X  12 

S  20 

'  9 

X  8 

X  8 

X  8 

I  7 

15  20 

I  9 

I  9 

.X  H, 

'  9 

I  XO 

S  SO 

«  7 

X  6 

I  6 

X  6 

I  5 

15  30 

'  7 

I  7 

I  7 

I  7 

X  8 

3  40 

I  5 

I  5 

I  4 

I  4 

I  3 

15  40 

I  5 

I  5 

«  5 

I  6 

I  7 

3  50 

X   2 

I  2 

I  2 

X  'Z 

I  0 

15  50 

I  2 

I  3 

«  3 

'  3 

I  5 

4  0 

I   O 

I  0 

X  0 

0  59 

0  58 

16  0 

X  0 

X   X 

I   X 

X   X 

>  3 

4  10 

o  58 

0  58 

0  57 

0  57 

0  55 

16  10 

0  58 

0  58 

0  58 

0  59 

I   X 

4  20 

0  55 

0  55 

0  55 

0  54 

0  53 

16  20 

0  55 

0  56 

0  56 

0  57 

^  0  58 

4  SO 

0  53 

0  52 

0  52 

0  51 

0  50 

16  30 

0  53 

0  53 

0  53 

0  54 

0  56 

4  40 

0  50 

0  50 

0  49 

0  49 

0  47 

16  40 

0  50 

0  50 

0  51 

0  52 

0  53 

4  50 

0  47 

0  47 

0  46 

0  46 

0  44 

16  50 

0  47 

0  48 

0  48 

0  49 

0  51 

6  0 

0  44 

0  44 

.0  44 

0  43 

0  41 

17  0 

0  44 

0  45 

0  45 

0  46 

0  48 

5  10 

0  41 

0  41 

0  41 

0  40 

0  37 

17  10 

0  41 

0  4a 

0  42 

0  43 

0  45 

5  20 

0  38 

0  38 

0  38 

0  36 

0  34 

17  20 

0  38 

0  39 

0  39 

0  40 

0  43 

0 

5  SO 

0  35 

0  35 

0  34 

0  33 

0  31 

17  SO 

0  35 

0  36 

0  36 

0  37 

0  41 

0 

5  40 

0  32 

0  32 

0  31 

0  30 

0  28 

17  40 

0  32 

0.33 

0  33 

0  34 

0  37 

0 

5  50 

0  29 

0  28 

0  28 

0  27 

0  24 

17  50 

0  29 

0  29 

0  30 

0  31 

0  33 

0 

6  0 

0  26 

0  25 

0  25 

0  23 

0  21 

18  0 

0  26 

0  26 

0  27 

0  28 

0  30 

0 

6  10 

0  22 

0  22 

0  21 

0  20 

0  17 

18  10 

0  22 

0  23 

0  23 

0  25 

0  27 

0 

6   20 

0  19 

0  18 

0  x8 

0  16 

0  14 

18  20 

0  19 

0  19 

0  20 

0  21 

0  24 

0 

6  SO 

0  IS 

0  15 

0  14 

0  13 

0  10 

18  SO 

0  IS 

0  x6 

0  x6 

0  x8 

0  20 

0 

6  40 

0  12 

0  XI 

0  II 

0  9 

0  7 

18  40 

0  12 

0  12 

0  X3 

0  X4 

0  17 

0 

6  50 

0  8 

0  8 

0  7 

0  6 

"o  3 

18  50 

0  8 

0  9 

0  10 

0  XX 

0  14 

0 

7  0 

0  5 

0  4 

0  4 

0  2 
add 

0  0 
add 

19  0 

0  5 

0  5 

0  6 

0  8 

0  xo 

0 

7  10 

0  I 
add 

0  I 
add 

0  0 
add 

0     I 

0  4 

19  10 

• 

0  I 
sub. 

0  2 
sub. 

0  3 
sub. 

0  4 

0  7 

0 

7  20 

0  2 

0  3 

0  3 

0  5 

0  7 

19  20 

0   2 

0    2 

0  X 

0  0 
sub. 

0  3 

X 

7  SO 

0  6 

0  6 

0  7 

0  8 

0  XI 

19  SO 

0  6 

0  5 

0  4 

0  3 

0  0 
9mb. 

I 

7  40 

0  9 

0  xo 

0  10 

0  12 

0  14 

19  40 

0  9 

0  9 

0  8 

0  7 

0  4 

I 

7  50 

0  13 

0  X3 

0  14 

0  15 

0  18 

19  50 

0  X3 

0  12 

0  IX 

0  10 

0  7 

2 

8  0 

0  16 

0  17 

0  17 

0  19 

0  21 

20  0 

0  16 

0  x6 

0  15 

0  14 

0  XI 

2 

8  10 

0  19 

0  20 

0  20 

0  22 

0  24 

20  10 

0  19 

0  19 

0  18 

0  17 

0  14 

2 

8  20 

0  23 

0  23 

0  24 

0  25 

0  28 

20  20 

0  23 

0  22 

0  22 

0  20 

0  18 

2 

8  SO 

0  26 

0  27 

0  27 

0  28 

0  31 

20,80 

0  26 

0  26 

0  25 

0  24 

0  22 

2 

8  40 

0  29 

0  30 

0  30 

0  32 

0  34 

20  40 

0  29 

0  29 

0  29 

0  27 

0  25 

2 

8  50 

0  33 

0  33 

0  34 

0  35 

0  37 

20  50 

0  33 

0  32 

0  32 

0  31 

0  28 

2 

9  0 

0  36 

0  36 

0  37 

0  38 

0  40 

21  0 

0  36 

0  35 

0  35 

0  34 

0  32 

2 

9  10 

0  39 

0  39 

0  40 

0  41 

0  43 

21  10 

0  39 

0  39 

0  38 

0  37 

0  35 

3 

9  20 

0  42 

0  42 

0  43 

0  44 

0  46 

21  20 

0  42 

0  42 

0  41 

0  40 

0  38 

3 

9  SO 

0  45 

0  45 

0  46 

0  47 

0  48 

21  SO 

0  45 

0  45 

0  44 

0  43 

0  41 

3 

9  40 

0  48 

0  48 

0  49 

0  50 

0  51 

21  40 

0  48 

0  48 

0  47 

0  46' 

0  44 

3 

9  50 

0  5x 

0  51 

0-51 

0  52 

0  54 

21  50 

0  51 

0  50 

0  50 

0  49 

0  47 

3 

10  0 

0  53 

0  54 

0  54 

0  55 

0  56 

22  0 

0   53 

0  53 

0  53 

0  52 

0  50 

3 

10  10 

0  56 

0  56 

0  56 

0  57 

0  58 

22  10 

0  56 

0  56 

0  55 

0  55 

0  53 

3 

10  20 

0  58 

0  59 

0  59 

I  0 

X   X 

22  20 

0  58 

0  58 

0  58 

0  57 

0  56 

3 

10  30 

X   I 

X   I 

X   I 

I  2 

I  -3 

22  SO 

X   X 

X  0 

X  0 

X  0 

0  59 

3 

10  40 

I  3 

«  3 

1  3 

I  4 

'  5 

22  40 

I  3 

I  3 

I  3 

I  2 

I  I 

3 

10  50 

I  5 

>  5 

I  5 

X  6 

«  7 

22  50 

I  5 

I  5 

I  5 

I  4 

I  3 

3 

11  0 

I  7 

1  7 

I  7 

I  8 

I  9 

S3  0 

I  7 

I  7 

I  7 

X  6 

I  5 

3 

11  20 

X  II 

X  XI 

I  IX 

X  IX 

X  12 

23  20 

X  XI 

X  XI 

X  xo 

X  10 

X  10 

3 

11  40 

I  14 

X  14 

I  14 

X  X4 

I  14 

23  40 

X  14 

I  X4 

1  13 

X  X3 

I  13 

3 

12  0 

I  16 

I  16 

I  16 

X  17 

I  17 

24  0 

I  16 

I  x6 

I  x6 

X  16 

I  16   3 

TABLE  52 


TABLE  53 
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REDUCTION  OF  LATITUDE  | 

(CompreMion ). 

lat 

Red. 

Lat 

Red. 

Ut. 

Red. 

0» 

o'   o' 

?jor 

9'55' 

60° 

9'57' 

I 

O   24 

31 

xo    7 

61 

9  45 

2 

o  48 

32 

10  18 

62 

9  3» 

b 

I     12 

33 

10  28 

63 

9  18 

4 

I  35 

34 

xo  38 

64 

9    4 

5 

>  59 

35 

10  46 

65 

8  49 

6 

%  23 

36 

xo  54 

66 

8  33 

7 

2  46 

87 

XX       I 

67 

8  17 

8 

3     9 

38 

IX     8 

68 

8    0 

9 

3  3» 

39 

XI  13 

69 

7  42 

10 

3  55 

40 

II  18 

70 

7  24 

U 

4  J7 

41 

II    22 

71 

7     5 

12 

4  39 

42 

XX  25 

72 

6  46 

13 

5     » 

43 

XX  27 

73 

6  26 

14 

5  22 

44 

XX  28 

74 

6    6 

15 

5  43 

45 

XI  29 

75 

5  45 

16 

6    4 

46 

XX  28 

76 

5  a4 

17 

624 

47 

IX  27 

77 

5     3 

18 

6  44 

48 

XX  25 

78 

4  4" 

19 

7    3 

49 

II    22 

79 

4  19 

20 

7  22 

50 

II    19 

80 

3  56 

21 

7  4« 

51 

11    14 

81 

3  33 

22 

7  57 

62 

11      9 

82 

3  10 

23 

8  14 

53 

"     3 

83 

*  47 

24 

8  31 

54 

xo  56 

84 

2  24 

25 
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12' 5 

'3"5 

»4'i 

15-6 

20 

o 

I'l 

2'I 

3-» 

4-3 

5*3 

6-4 

rs 

8-5 

9-6 

io*6 

117 

12*8 

13*8 

14*9 

i6-o 

25 

o 

I'l 

2*2 

3'3 

4-4 

S'S 

6-6 

ri 

8-8 

9*9 

II'I 

12*4 

>3-3 

14*4 

»5*5 

i6'6 

30 

o 

1*2 

2-3 

3*4 

4-6 

5-8 

6-9 

81 

9'3 

10-3 

11*6 

12*7 

139 

15-0 

l6'2 

»7-4 

32 

o 

1*2 

a -4 

35 

4-7 

S-9 

ri 

8-3 

95 

IO-6 

11*8 

13*0 

14*2 

>5-4 

i6*6 

17*8 

34 

o 

1*2 

2-4 

3*6 

4-8 

6*0 

7-2 

8-4 

9.7 

io'8 

12*1 

13*3 

H-5 

15-7 

17*0 

l8*2 

35 

o 

1*2 

2-4 

3*7 

4-9 

6x 

7-3 

8-5 

9-8 

II'O 

12*2 

n'\ 

14-7 

lO'I 

17*2 

i8-4 

3fi 

o 

X'2 

»-5 

3-7 

4*9 

6-2 

7-4 

8-7 

9*9    "'I 

12*4 

13*6 

149 

17*4 

18*7 

87 

o 

1'2 

»'5 

3*7 

5-0 

6-3 

7-5 

8-8 

lo-o 

11*3 

12*6 

13-8 

151 

16*4 

17-6 

18-9 

38 

o 

1-3 

»'S 

3-8 

5'» 

6»3 

7*6 

8-9 

IO-2 

11*4 

127 

14*0 

i5'3 

16*6 

17*9 

19*2 

39 

o 

1*3 

2-6 

3» 

5'» 

6-4 

7-7 

9*o 

io'3 

11-6 

12*9 

14*2 

>5-5 

i6-8 

18-1 

19-4 

40 

o 

1*3 

2-6 

3*9 

5-a 

5*5 

7-8 

91 

io'5 

II-8 

131 

H'4 

15-7 

17*1 

18*4 

19*7 

41 

o 

i'3 

2-6 

4-0 

5-3 

6-6 

8-0 

9*3 

IO-6 

I2-0 

13*3 

14-6 

16*0 

»7'3 

187 

20*0 

42 

o 

1-3 

2-7 

4-0 

5  "4 

6*7 

8-1 

9*4 

IO-8 

12*1 

13-5 

14*8 

X6'2 

176 

19*0 

20-4 

43 

o 

'•4 

2-7 

4' I 

5? 

6-8 

8-2 

9»6 

Il'O 

12*3 

13*7 

15-1 

16-5 

17*9 

19*3 

20*7 

44 

0 

1-4 

2-8 

4-2 

5-6 

7'o 

8-3 

97 

II'I 

12*6 

14*0 

15-4 

16-8 

18*2 

19*6 

21*1 

45 

o 

»*4 

2-8 

4'2 

5-7 

7-1 

8-5 

9*9 

11*3 

12*8 

14*2 

15*6 

171 

i8*5 

20-0 

21*5 

46 

o 

1*4 

2-9 

4*3 

5» 

7*2 

8-6 

lO'I 

11-5 

13-0 

14*5 

15*9 

17-4 

18*9 

20*4 

21*9 

47 

o 

1*4 

2-9 

4*4 

r* 

7*3 

8-8 

10' 3 

ii'8 

13-3 

147 

16*2 

17*7 

19*3 

20' 8 

22*3 

48 

o 

1*5 

3-0 

4*5 

6-0 

7*5 

9-0 

io'5 

I2*0 

^•5 

15*0 

i6'6 

18*1 

19-5 

21*2 

227 

49 

0 

x'5 

3-0 

4-6 

6-1 

7-6 

9*2 

10-7 

12*2 

13-8 

15*3 

i6'9 

18*5 

20*0 

21*6 

23*2 

50 

o 

i'5 

3'' 

4-7 

6-2 

7*8 

9*3 

io'9 

12-5 

14*1 

15-7 

17*3 

18-9 

20-5 

22*1 

23.7 

51 

o 

1-6 

3-2 

4-8 

6-4 

8-0 

9-6 

IX*2 

12-8 

14-4 

16*0 

17*6 

19*3 

20*9 

22'6 

24*3 

52 

0 

1-6 

3*3 

4*9 

6-5 

81 

9'7 

114 

131 

14*7 

16*4 

i8'o 

19*7 

21*4 

23*1 

24*9 

53 

o 

1-6 

3*3 

50 

6-7 

8-3 

lO'O 

117 

13*4 

15*1 

i6*8 

i8*s 

20*a 

21*9 

237 

25-5 

54 

0 

J7 

3*4 

5*1 

6*8 

8-5 

IO'2 

I2*0 

13-7 

15-4 

17*2 

x8*9 

207 

22*5 

24-3 

26-1 

55 

o 

1-7 

3*5 

s-» 

7'o 

8-7 

xo'5 

12*3 

J4'0 

15*8 

17*6 

19*4 

21*2 

23*1 

24*9 

268 

56 

o 

r8 

3'6    5"4 

7-2 

9*o 

iO'7 

12*6 

14-4 

16*2 

18*1 

19*9 

21*8 

»3*7 

25*6 

27*6 

57 

o 

1-8 

3-7 

5-5 

7'1 

9*2 

in 

129 

148 

i6"7 

i8*3 

20*5 

22*4 

a4-4 

26*4 

28*4 

58 

o 

1-9 

3-» 

57 

7-6 

9-5 

ix'4 

13-3 

15*2 

17*2 

191 

21*1 

23*1 

25*1 

27*2 

29*2 

59 

0 

1-9 

3-» 

6'o 

7-8 

9.7 

12*0 

13-7 

15*7 

17*7 

197 

21*7 

23*8 

25*9 

28*0 

30*2 

60 

0 

2*0 

4-0 

8-0 

lO'O 

X2*X 

14-1 

16*2 

l8*2 

20*3 

22*4 

24*6 

267 

28-9 

31*2 

61 

o 

2-1 

4' 

6-2 

8-3 

io*3 

12-5 

14*6 

i6-7 

18*8 

2I*0 

23*1 

»5-4 

27'6 

29*9 

32*2 

62 

c 

2-1 

4*3 

6-4 

8*5 

io'7 

I2'9 

151 

17-3 

19-4 

21*9 

23-9 

26*3 

28*5 

31*0 

33*4 

63 

o 

2*2 

^1 

6*7 

8-8 

ii'i 

^•4 

15-6 

17-9 

20' I 

22*5 

24*8 

27.3 

29*6 

32*2 

34"7 

64 

0 

2-3 

4-6 

6-9 

9-1 

ix-5 

13-9 

l6'2 

18-5 

20'9 

»3'3 

*fZ 

28*3 

30-9 

33-5 

36*2 

65 

o 

2-4 

4« 

7*1 

9*5 

11*9 

144 

168 

19-3  j  217 

24*2 

26*8 

29*5 

32-5    34-9 

37-8 

TABLE  69  A 


CORRECTION  OF  THE  AMPLITUDE 

OBSERVED  ON  THE  HORIZON, 

FOA  THE  EFFECT  OF  KEFAACTIOIT. 

(Height  of  the  Eye,  16  feet) 

Lat. 

Declination                      1 

0° 

10° 

IS*' 

18" 

20** 

22" 

23« 

24« 

0 

©*> 

o« 

0° 

o<» 

o*> 

qO 

o<» 

o<» 

10 

0 

o*i 

0*1 

O'l 

O'l 

0*1 

O'l 

O'l 

30 

0*2 

0*2 

0*2 

0-3 

0-3 

0-3 

0-3 

0-3 

80 

0-3 

o*3 

0*3 

0*3 

0-4 

0-4 

0-5 

o'5 

40 

o*s 

0*5 

0*7 

0*7 

0*7 

o*8 

0*8 

0-8 

50 

07 

0*8 

0*9 

o'9 

0*9 

o*9 

i*o 

1*0 

55 

©•9 

0*9 

1*1 

1*2 

1*3 

1*3 

x-4 

1-4 

60 

I'l 

1*1 

1*3 

1*4 

1-5 

»7 

r8 

«'9 

65 

1-3 

x'4 

>-9 

2*3 

a'S 

TABLE  59 


651 


AMPLITUDES                                                                 1 

Lat. 

Drclinatiom                                                                 1 

16°  164°| 

ir  174° 

18° 

18J° 

19° 

0 

19i° 

20° 

204° 

21° 

21J° 

22*" 

224" 

23° 

23i° 

o 

o 

0 

0 

0 

0 

^0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

i6*o 

16-5 

17*0 

17-5 

i8-o 

i8*5 

19-0 

'9*5 

lO'O 

20-5 

21-0 

2X*5 

12-0 

22*5 

23*0 

*3'5 

10 

l6'2 

i6-7 

17-3 

17-8 

i8-3 

i8*8 

X9-3 

19-9 

20*3 

20-8 

21'3 

2X-8 

22*3 

22*9 

23*4 

23*9 

16 

i6-6 

17-1 

17*7 

i8-i 

i8-7 

19*2 

19*7 

20-2 

20*8 

21*3 

21*8 

22*3 

22*8 

23*3 

23*9 

24*3 

20 

i7"i 

17-6 

i8-i 

18-7 

19*2 

X9-7 

20*3 

20-8 

21*3 

21*9 

22*4 

22*9 

23*5 

24*0 

24*6 

25*1 

26 

17-7 

i8*3 

18-8 

19-4 

199 

20*5 

2I-0 

21*6 

22-5 

227 

»3'3 

23*8 

24*4 

24*6 

»5*5 

26'I 

30 

186 

191 

19-7 

20'3 

20*9 

21-5 

22*1 

22*7 

»3-3 

238 

244 

25*0 

25-6 

26*2 

26*8 

27*4 

32 

19-0 

19-0 

20-2 

20-8 

21*4 

22*0 

22*6 

23-2 

23-8 

24-4 

25*0 

25*6 

26-2 

26*8 

27*4 

28*0 

34 

19-4 

20'0 

20*6 

21"3 

21*9 

22*5 

23*1 

23  7 

24-4 

25*0 

25*6 

26*2 

26*8 

27-5 

28-1 

287 

35 

19*6 

20'3 

20'9 

21-5 

22*2 

22*8 

23*4 

24-0 

24*7 

25*3 

25*9 

26*6 

27*2 

27*8 

28*5 

29*1 

36 

199 

20'5 

21-2 

21-8 
22*1 

22*4 

23X 

237 
24*0 

244 

25-0 

25*6 

26*3 

26*9 

27*6 

28*2 

28*9 

29*5 

37 

20*2 

20*8 

21-5 

22*8 

a3'4 

24*7 

25*3 

26*0 

26*7 

27*3 

28*0 

28-6 

29*3 

29-9 

38 

20*5 

21*1 

21*8 

22-4 

23*1 

23*7 

24-4 

25*1 

257 

26*4 

27-0 

27-7 

28-4 

29*0 

*9*7; 

30*3 

39 

20-8 

21-4 

22'1 

22*8 

23*4 

24*1 

24*8 

25*4 

26*1 

26*8 

27*5 

28-1 

28-8 

29*5 

30*2 

30*8 

40 

21*1 

21*8 

22*4 

23*1 

23-8 

24*5 

251 

25-8 

26*5 

27*2 

27-9 

28«6 

29*3 

30*0 

30-7 

31*3 

41 

21-4 

22-1 

22-8 

23*5 

24*2 

24*8 

^S'S 

26*2 

26-9 

27*6 

28-3 

29-0 

29-8 

30*5 

31*2 

3i'8 

43 

21*8 

22*5 

23-2 

23'8 

24*6 

3^5*3 

26*0 

26*7 

27*4 

28*1 

28-8 

29*5 

30-3 

31*0 

3x7 

32-4 

43 

22' I 

22-8 

23*6 

24*3 

25*0 

a5-7 

26*4 

27*1 

27-8 

286 

29-3 

30*  I 

30-8 

31*5 

32*3 

33*o 

44 

22-5 

23*2 

24*0 

H'7 

25'6 

26-2 

26*9 

2^*6 

28*4 

29*1 

29-8 

30*6 

3>'4 

32*1 

32*9 

33*6 

45 

22-9 

»3-7 

244 

25*2 

25*9 

26*7 

27-4 

28*2 

28*9 

297 

30'4 

31*2 

32*0 

32-8 

33*5 

34*3 

46 

23-4 

24*1 

24*8 

25*6 

26*4 

27*2 

27-9 

287 

29*5 

30-3 

3i'o 

31-8 

32*6 

33*4 

342 

35*o 

47 

23-8 

24*6 

*5'4 

26*2 

26*9 

277 

28-5 

29-3 

30*1 

30*9 

3>7 

32-5 

33*3 

34*  X 

34*9 

35*7 

48 

24-3 

25*1 

25-9 

26-7 

»7'5 

28*3 

29*1 

299 

30-7 

31*6 

32*4 

33'* 

34-0 

34-8 

35*7 

36*5 

49 

24-8 

25*6 

26*5 

a7'3 

28*1 

289 

29*7 

30*6 

31*4 

32*3 

33*1 

33*9 

34*8 

357 

36*5 

37*4 

50 

25-4 

26*2 

27*0 

27-8 

28-7 

29*6 

30-4 

31-3 

32*X 

33-0 

33*9 

34-8 

35*6 

36-5 

37*4 

38*3 

51 

26-0 

26-8 

27-7 

28*5 

29-4 

30-3 

31*1 

32-0 

3»-9 

33-8 

347 

35*6 

36-5 

37*5 

38*4 

39*3 

52 

266 

27-5 

28*3 

29*2 

30*1 

31-0 

31*9 

32-8 

33*7 

34*7 

35*6 

36-5 

37-5 

38*4 

39*4 

40*3 

53 

a7"3 

28-2 

29*1 

30*0 

30*9 

31*8 

327 

33*7 

34*6 

356 

36*5 

37-5 

38*5 

39*5 

40*5 

41*4 

54 

28-0 

28*9 

29*8 

30*8 

31-7 

3a"7 

33-6 

34*6 

35*6 

36-6 

37*6 

386 

39-6 

40*6 

41*7 

42*6 

55 

28-7 

29.7 

30*6 

31*6 

32-6 

33*6 

34*6 

35*6 

36-6 

37'6 

38*7 

39*7 

40*8 

41-8 

42-9 

44*0 

56 

29-5 

305 

31-5 

3a-5 

33*5 

34*6 

35*6 

36-6 

37'7 

38-8 

39*8 

40-9 

42*1 

43'» 

44'3 

45*4 

57 

30-4 

3X*4 

3»'5 

33*5 

34*  S 

35*6 

36*7 

37-8 

38-9 

40*0 

41*1 

4a'3 

43*4 

44-6 

45*8 

47 'o 

58 

31-3 

3a'4 

33*5 

34'6 

35-7 

36-8 

37.9 

39-0 

40*2 

417 

42*5 

43*8 

45*o 

46*2 

47*5 

48-7 

59 

34.3 

33*5 

34-6 

35*7 

36*8 

38*0 

39'a 

40-4 

41*6 

42*8 

44.1 

4S'4 

46*7 

48*0 

49*3 

50*6 

60 

33*4 

34-<> 

35-« 

37-0 

38*2 

39*4 

40*6 

41-9 

43*2 

44*5 

45-8 

47*1 

48*5 

49*9 

51*4 

52*8 

61 

34-6 

35-» 

37'x 

38-3 

39-6 

40*8 

42*2 

43-5 

44-8 

46*2 

47*7 

49*1 

50*6 

s^'l 

53*7 

55*a 

62 

35'9 

37*a 

3»-5 

39*8 

41'2 

42-5  43*9 

45*3 

468 

48*2 

49*8 

5»-3 

52*9 

54*6 

56*3 

58*0 

63 

37*4 

3»-7 

40*1 

41-5 

42*9 

44*3;  458' 47*3 

48*8 

50*5 

52-1 

53-8 

55-6 

57*4 

59*4 

6x*3 

64 

39-0 

4<3*4 

41*8 

43*3 

44*8 

46-4 

48*0  49-6 

5>-3 

S3*o 

54*8 

56-7 

58-7 

6o*8 

63*0 

65-3 

65 

40-7 

42'2 

43-8 

45 '4 

47*o 

48-7 

50-4  52-2 

54-0 

56*0 

58*0 

6o*x 

62*4 

64*9    67*6    70*4 1 

TABLE  59  A 


CORRECTION  OF  THE  AMPLITUDE 
OBSERVED  ON  THE  HORIZON, 

FOR  THE  EFFECT  OF  REFRACTIOir. 

(Height  of  ibe  Eye,  16  feet.) 

Ut. 

Declination                         1 

0° 

10° 

15° 

18° 

20° 

22° 

23° 

24° 

0 
10 
20 
30 
40 
50 
55 
60 
65 

0° 
0*1 
0*2 
0*3 

0-5 
o*7 

0*9 

X'l 

1*3 

0° 
o*i 

6*2 

o*3 
o-S 
0-8 
0*9 

I'X 

1*4 

0° 
o*x 

0*2 

o*3 
07 
0*9 
1*1 

J'3 
1-9 

0° 
o*x 
o*3 

o*3 
07 

0*9 

1*2 

1*4 

2*3 

0° 
o*x 

0*3 

0*4 
o*7 
0*9 

1*3 
»-5 

0° 
0*1 
o'3 

tl 

0-9 

1*3 

1-7 

0° 
o*i 

0*3 

o'5 
0-8 

i*o 

1-4 
'•9 

0° 
o*i 

10 

«'4 
x'9 

652 

TABLE  60 

DECLINATION  OF 

THE  SUN,  FOR  THE 

Year  1877, 

Al 

Apparent  Noon  ac  Greenwich. 

Day 

1 

1 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

• 

Sept. 

Oct 

Not. 

£>ec. 

2a^59'S 

16^59'S 

7°25'S 

4°42N 

i5»i2'N 

22  YN 

2306'N 

i7°57'N 

8°io'N 

3°2o'S 

H°34'S 

2i°53  S 

2 

22  53 

16  41 

7  a 

5  5 

'5  30 

22  15 

23  2 

17  42 

748 

3  43 

H  53 

22  a 

3 

22  47 

16  24 

6  39 

5  i8, 

M  47 

22  22 

aa  57 

17  26 

7  26 

4  6 

15  12 

22  11 

4 

22  41 

]6  6 

6  16 

5  5» 

16  5 

22  29 

22  52 

17  10 

7  4 

4  30 

15  30 

22  19 

5 

22  27 

15  48 

5  53 

6  14 

16  22 

22  36 

22  46 

16  54 

641 

4  53 

'5  49 

22  %6 

6 

22  28 

15  29 

5  30 

6  36 

16  39 

22  42 

22  40 

16  37 

6  19 

5  16 

16  7 

22  34 

7 

22  20 

15  10 

5  7 

6  59 

16  55 

22  48 

22  34 

16  21 

5  57 

5  39 

16  25 

22  40 

8 

22  12 

14  51 

4  43 

7  21 

17  12 

22  54 

22  27 

16  3 

5  34 

6  2 

16  42 

22  47 

9 

22  3 

14  3* 

4  20 

7  44 

17  28 

22  59 

22  20 

15  46 

5  11 

6  25 

16  59 

"  53 

10 

11 

21  54 

14  13 

3  56 

8  6 

«7  43 

23  3 

22  13 

15  29 

4  49 

647 

17  16 

22  58 

21  45 

'3  53 

3  33 

8  28 

'7  59 

23  7 

22   5 

15  n 

4  26 

7  10 

»7  33 

43  3 

19 

21  35 

'3  33 

3  9 

8  50 

18  14 

23  II 

21  56 

14  53 

4  3 

7  33 

'7  49 

23  s 

13 

21  25 

13  13 

2  46 

9  " 

18  29 

i3  «5 

21  48 

14  35 

3  40 

7  55 

18  5 

23  12 

14 

21  14 

12  52 

2  22 

9  33 

18  43 

23  18 

21  39 

14  16 

3  17 

8  17 

18  21 

23  15 

15 

21  3 

12  32 

2  58 

9  55 

18  58 

23  20 

21  29 

»3  57 

2  54 

8  40 

18  36 

23  e8 

16 

20  52 

12  II 

*  35 

10  16 

19  12 

23  23 

21  20 

13  38 

2  30 

9  a 

x8  51 

23  21 

17 

20  40 

II  50 

I  II 

«o  37 

19  25 

23  24 

21   9 

13  19 

a  7 

9  »4 

19  6 

23  23 

18 

20  28 

II  29 

P  47 

10  58 

19  38 

23  26 

21  59 

13  0 

I  44 

9  46 

19  20 

23  »5 

19 

20  15 

'»  7 

0  23  S 

II  19 

19  51 

23  27 

20  48 

12  40 

X  21 

10  7 

19  34 

23  26 

20 
21 

20  2 

10  46 

0  0 

«i  39 

20  4 

23  »7 

20  37 

12  21 

0  57 

10  29 

19  48 

23  27 

19  49 

10  24 

0  24N 

12  0 

20  16 

23  27 

20  25 

12  I 

0  34 

10  50 

20  I 

23  27 

22 

«9  35 

10  2 

0  48 

12  20 

20  28 

23  27 

20  14 

II  41 

0  II 

II  12 

20  14 

23  27 

23 

19  21 

9  40 

I  II 

12  40 

20  39 

23  26 

20   I 

II  20 

0  13 

II  33 

20  27 

23  27 

24 

19  6 

9  18 

1  35 

13  0 

20  51 

23  25 

19  49 

II  0 

0  36 

"  54 

20  39 

23  %€ 

25 

18  51 

8  56 

1  58 

13  19 

21  I 

23  24 

19  36 

10  39 

I  0 

12  14 

20  51 

23  24 

26 

18  36 

8  33 

2  22 

13  38 

21  12 

23  22 

19  23 

10  18 

I  23 

12  35 

21  2 

23  22 

27 

18  21 

8  II 

a  45 

13  58 

21  22 

23  20 

19   9 

9  57 

I  46 

»a  55 

21  13 

23  20 

28 

18  5 

7  4« 

3  9 

14  17 

21  32 

23  17 

18  55 

9  36 

2  10 

13  15 

21  24 

23  17 

29 

17  49 

3  3a 

H  35 

21  41 

n   14 

18  41 

9  15 

2  33 

13  35 

21  34 

23  13 

SO  !i7  32 

3  56 

H  54 

21  50 

23  10 

18  27 

8  53 

2  56 

13  55 

21  44 

»3  9 

31  17  16 

4  19 

a»  59 

18  12 

8  32 

14  15 

a3  5 

Deci 

^IHATIOK 

OP  THB  SUH,  r 

OR  i878. 

1 

I 

23«  o'S 

17°  3'S 

7«3i'S 

4**36'N 

150  7'N 

22«S'N 

23  V  N 

180  o'N 

8«i5'N 

3014'S 

14029'S 

2i«5i'8 

2 

22  55 

16  46 

7  8 

4  59 

15  25 

22  13 

»3  3 

17  45 

7  53 

3  38 

14  48 

22  0 

3 

22  49 

16  28 

6  45 

5  la 

'5  43 

22  20 

22  58 

17  29 

7  31 

3  1 

'5  7 

22  8 

4 

22  43 

16  10 

6  22 

5  45 

15  I 

22  28 

22  53 

17  14 

I    9 

4  24 

15  26 

22  X7 

5 

22  36 

»5  5» 

6  59 

6  8 

16  18 

22  34 

22  48 

16  57 

6  47 

4  47 

15  44 

22  24 

6 

22  29 

'5  34 

5  36 

6  31 

16  35 

22  41 

22  42 

16  41 

6  24 

5  10 

16  2 

22  32 

7 

22  22 

'5  *S 

5  '* 

6  53 

16  51 

22  47 

22  36 

16  24 

6  2 

5  33 

16  20 

22  39 

8 

22  14 

14  56 

4  49 

7  16 

17  8 

22  52 

22  29 

16  7 

5  39 

5  56 

16  38 

22  46 

9 

22   5 

H  37 

4  26 

7  38 

17  24 

22  57 

22  22 

15  50 

5  17 

6  19 

16  55 

22  51 

10 
11 

21  56 

14  17 

4  4 

7  0 

17  40 

23   2 

22  14 

15  33 

4  54 

6  42 

17  12 

22  57 

21  47 

13  58 

3  38 

8  22 

«7  55 

23  6 

22  7 

15  15 

4  31 

7  5 

17  29 

23  2 

12 

21  37 

13  38 

3  15 

8  44 

18  10 

23  10 

21  58 

»4  57 

4  8 

7  27 

«7  45 

23  6 

13 

21  27 

13  18 

»  5« 

9  6 

18  25 

23  14 

21  50 

«4  39 

3  45 

7  50 

18  X 

23  XX 

14 

21  17 

12  57 

2  28 

9  28 

18  40 

23  17 

21  41 

14  21 

3  22 

8  12 

18  17 

23  14 

15 

21   6 

12  37 

2  4 

9  49 

18  54 

23  20 

21  32 

14  2 

3  59 

8  34 

18  32 

23  18 

16 

20  54 

12  16 

I  40 

10  II 

19  8 

23  22 

21  22 

13  43  , 

2  36 

8  SI 

9  »9 

18  47 

23  20 

17 

20  43 

"  55 

I  17 

10  32 

19  22 

23  24 

21  12 

13  a4  , 

2  13 

19  2 

a3  »1 

18 

20  31 

"  34 

0  53 

10  53 

'9  35 

a3  H 

21  1 

n    5 

I  49 

9  40 

19  17 

23  25 

19 

20  18 

II  13 

0  29 

11  14 

19  48 

23  26 

20  51 

12  45 

I  26 

10  2 

19  31 

23  26 

20 
21 

20  5 

10  51 

0  6 

11  34 

20  I 

23  27 
23  27 

20  40 

12  25 

»  3 

xo  24 

'9  45 

23  27 

19  52 

10  29 

0  19 

"  55 

20  13 

20  28 

12  5 

0  40 

10  45 

[9  58 

23  27 

22 

19  38 

10  8 

0  42 

12  15 

20  25 

23  27 

20  16 

"  45 

0  16 

II  7   : 

10  II 

23  27 

23 

19  24 

9  46 

«  5 

12  35 

20  37 

23  27 

20  4 

II  25 

0  7 

II  28 

10  24 

23  27 

24 

19  10 

9  24 

I  29 

12  55 

20  48 

23  26 

19  52 

"  5 

0   31 

11  49  '. 

10  36 

23  26 

25 

18  55 

9  » 

I   53 

13  14 

20  59 

23  24 

»9  39 

10  44 

0  54 

12  9 

10  48 

23  a4 

26 

18  40 

8  39 

2  16 

13  34 

21  9 

23  22 

19  26 

10  23 

I  17 

12  30  i 

10  59 

23  22 

27 

18  26 

8  16 

2  40 

'3  53 

21  20 

23  20 

19  12 

10   2 

I  41 

12  51  i 

II  ID 

23  20 

28 

18  9 

7  54 

3  3 

14  12 

21  29 

23  18 

18  59 

9  4» 

»  4 

13  11  i 

IX  21 

23  X7 

29 

17  53 

3  *7 

14  31 

21  39 

^3  14 

18  44 

9  20 

z  28 

13  31  i 

fci  3X 

23  X4 

30 

17  37 

3  50 

14  49 

21  48 

23  II 

18  30 

9  58   ! 

I   51 

n  51    ' 

II  41 

23  10 

31  17  ao 

4  '3 

21  57 

18  15 

8  36 

14  10 

23  6 

TABLE  60 
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DECLINATION  OF 

THE  SUN,  FOR  THE 

VxAB  1879, 

At. 

Apparent 

Noon  1 

It  Gree 

nwich. 

Day)  Jan. 

Feb.  . 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

23**i'S 

17°  7'S 

7^36'S 

4°3i'N 

1 50  3'N 

22*'  3'N 

23°8'N 

18°  4'N 

8°2o'N 

3^9'S 

i4°25'S 

2i°48  S 

2 

2Z  56 

16  50 

7  14 

4  54 

15  21 

22  II 

23  4 

X7  49, 

8  58 

3  3a 

14  44 

21  58 

3 

22  50 

16  32 

6  51 

5  n 

J5  39 

22  19 

22  59 

17  33 

/  36 

3  55 

X5  3 

22  6 

4 

2»  44 

16  14 

6  28 

5  40 

15  56 

22  26 

22  54 

17  17 

7  X4 

4  18 

15  21 

22  15 

5 

22  38 

IS  56 

6  4 

6  3 

16  14 

22  33 

22  49 

17  I 

6  52 

4  4a 

15  40 

22  23 

6 

22  31 

15  38 

5  41 

6  25 

16  31 

22  39 

22  43 

16  45 

6  30 

5  5 

15  58 

22  30 

7 

22  23 

15  19 

5  18 

6  48 

16  47 

22  45 

22  37 

]6  28 

6  7 

5  a8 

16  16 

22  37 

8 

22  16 

15  I 

4  55 

7  10 

X7  4 

22  51 

22  30 

16  12 

5  45 

5  5x 

16  33 

22  44 

9 

22   7 

14  41 

4  31 

7  33 

17  20 

22  56 

22  23 

X5  54 

5  aa 

6  14 

16  51 

22  50 

10 

11 
13 

21  58 

14  22 

4  8 

7  55 

17  36 

23   I 

22  16 

X5  37 

4  59 

6  36 

17  8 

22  55 

21  49 

14  2 

3  44 

8  17 

17  51 

13  5 

22  8 

15  19 

4  37 

6  59 

17  25 

23  I 

21  40 

13  43 

3  »i 

8  39 

18  7 

23  9 

22  0 

15  X 

4  X4 

7  22 

17  41 

a3  5 

13 

21  30 

13  23 

»  57 

9  » 

18  22 

23  13 

21  52 

X4  43 

3  5X 

7  44 

X7  57 

23  10 

U 

21  19 

13  2 

»  33 

9  *3 

18  36 

23  16 

21  43 

14  25 

3  28 

8  7 

18  13 

23  13 

15 

21   8 

12  42 

2  10 

9  44 

18  51 

23  19 

ax  34 

14  6 

3  5 

8  29 

18  29 

23  17 

16 

20  57 

12  21 

I  46 

10  5 

19  5 

23  21 

21  24 

'3  47 

2  41 

8  51 

18  44 

23  20 

17 

20  46 

12   0 

I  22 

10  27 

19  19 

23  23 

21  14 

x3  19 

2  18 

9  X3 

18  59 

23  22 

18 

20  34 

II  39 

I  59 

10  48 

19  32 

23  25 

21  4 

x3  9 

X  55 

9  35 

X9  X3 

23  24 

19 

20  21 

II  18 

0  35 

II  9 

X9  45 

23  26 

20  53 

12  50 

I  32 

9  57 

19  27 

23  26 

SO 
21 

20  8 

10  56 

0  II 

II  29 

19  58 

23  27 

20  42 

12  30 

I  8 

10  19 

19  41 

23  27 

19  55 

10  35 

0  12 

II  50 

20  10 

23  27 

20  31 

12  10 

0  45 

JO  40 

X9  55 

23  27 

22 

19  42 

10  13 

0  36 

12  10 

20  22 

23  27 

20  19 

II  50 

0  22 

II  2 

20  8 

23  a7 

23 

19  28 

9   51  , 

I  0 

12  30 

20  34 

13  a7 

20  7 

II  30 

0  2 

II  23 

20  21 

23  27 

24 

19  13 

9  29 

I  23 

12  50 

20  45 

23  26 

X9  55 

II  9 

0  25 

XX  44 

20  33 

23  26 

25 

«9  59 

9  7 

I  47 

13  10 

20  56 

23  25 

19  42 

10  49 

0  48 

xa  5 

20  45 

23  25 

26 

18  44 

8  44 

2  II 

13  29 

21  7 

23  23 

19  29 

10  28 

I  12 

12  25 

20  56 

23  23 

27 

18  28 

8  22 

2  34 

13  48 

21  17 

23  21 

19  16 

10  7 

X  35 

12  46 

21  8 

23  21 

28 

18  13 

7  59 

258 

14  7 

21  27 

23  18 

19  2 

9  46 

X  59 

13  6 

21  18 

23  18 

29 

17  57 

3  ax 

14  26 

"  37 

23  15 

18  48 

9  *5 

2  22 

13  26 

21  29 

23  15 

SO 

17  41 

3  44 

1445 

21  46 

23  12 

18  34 

9  3 

a  45 

13  46 

21  39 

23  II 

31  17  24 

4  8 

21  55 

18  19 

8  42 

X4  5 

a3  7 

■ 

Decx 

.XNATIOK 

OP  TBS 

SVS,   F 

OR  1880. 

1 

1 

23»2'S 

i7*'ii'S 

7«I9'S 

4°48'N 

i5°i7'N 

22<»9'N 

»3°S'N 

i7«5a'N 

8°  4'N 

3026'S 

14039'S 

2i®55'S 

2 

M  57 

16  54 

6  56  . 

5  " 

X5  35 

22  17 

23    0 

X7  37 

7  4a 

3  50 

14  58 

22  4 

S 

22  52 

16  37 

6  33 

5  34 

15  52 

22  24 

22  56 

17  21 

7  20 

4  X3 

15  17 

22  13 

4 

22  46 

i6  19 

6  10 

5  57 

16  10 

22  31 

22  50 

'7  5 

6  57 

4  36 

X5  35 

22  21 

5 

22  39 

16  I 

5  47 

6  20 

16  27 

22  38 

22  45 

16  49 

6  35 

4  59 

X5  54 

22  28 

6 

22  32 

15  42 

5  «4 

6  42 

16  43 

22  44 

22  38 

16  32 

6  13 

5  22 

16  12 

22  35 

7 

22  25 

15  24 

5  0 

7  5 

17  0 

22  49 

22  32 

16  16 

5  50 

5  45 

16  29 

22  42 

8 

22  17 

15  5 

4  37 

7  ^7 

17  16 

22  55 

22  25 

X5  59 

5  28 

6  8 

16  47 

22  48 

9 

22  9 

14  46 

4  13 

7  50 

17  32 

23   0 

22  18 

15  41 

5  5 

6  31 

X7  4 

22  54 

10 
11 

22  I 

14  27 

3  50 

8  12 

17  48 

^3  4 

22  10 

15  24 

4  4a 

6  54 

17  21 

22  59 

21  52 

14  7 

3  26 

8  34 

18  3 

23  8 

22   2 

15  6 

4  X9 

7  16 

X7  37 

a3  4 

12 

21  42 

«3  47 

3  3 

8  56 

18  18 

23  12 

21  54 

1448 

3  56 

7  39 

'7  53 

23   9 

13 

21  32 

13  27 

2  39 

9  17 

18  33 

^3  X5 

21  45 

14  29 

3  33 

8  I 

18  9 

23  12 

14 

21  22 

13  7 

2  15 

9  39 

18  47 

23  18 

21  36 

14  II 

3  10 

8  24 

18  25 

23  16 

15 

21  IX 

12  47 

I  52 

10  0 

19  2 

23  21 

21  26 

13  5* 

a  47 

8  46 

18  40 

23  19 

16 

21   0 

12  26 

I  28 

10  22 

19  15 

23  23 

21  17 

J3  33 

a  a4 

9  8 

18  55 

23  22 

17 

20  48 

12  5 

'  4 

10  43 

19  29 

^3  25 

21   6 

13  14 

2  I 

9  30 

19  vo 

23  24 

18 

20  36 

11  44 

0  41 

i"  4 

19  42 

23  26 

20  56 

x»  54 

X  37 

9  5a 

19  24 

23  25 

19 

20  24 

II  23 

0  17S 

II  24 

x^  55 

23  27 

20  45 

12  35 

I  14 

10  13 

19  38 

23  26 

20 
21 

20  ZI 

II  I 

0  7N 

11  45 

20  7 

2327 

20  34 

12  15 

0  51 

xo  35. 

19  51 

23  27 

19  58 

10  40 

0  30 

12  5 

20  19 

23  27 

20  22 

XX  55 

0  28 

10  56 

20  5 

23  27 

22 

'9  45 

10  18 

0  54 

12  25 

20  31 

23  27 

20  10 

IX  35 

0  4N 

11  17 

20  17 

a3  a7 

23 

19  31, 

9  56  • 

I  18 

xa  45 

20  43 

23  26 

19  58 

II  14 

0  19S 

XX  39 

2<$  30 

23  26 

24 

19  17 

9  34 

I  41 

X3  5 

ao  54 

23  25 

19  45 

ID  54 

0  43 

XX  59 

20  42 

23  25 

25 

19  2 

9  12 

»  5 

X3  14 

21  4 

23  23 

19  32 

10  33 

1  6 

12  20 

20  54 

23  23 

26 

18  47 

8  50 

2  28 

X3  44 

21  15 

23  21 

19  19 

10  12 

I  29 

12  41 

ax  5 

23  21 

27 

18  32 

8  27 

2  52 

X4  3 

2l'25« 

23  19 

19  5 

9  5x 

X  53 

13  I 

21  16 

23  19 

2H 

18  17 

8  5 

3  15 

14  22 

21  34 

23  16 

18  51 

9  30 

2  16 

13  ax 

21  26 

a3  X5 

29 

18  I 

7  42 

3  39 

14  40 

21  44 

23  13 

18  37 

9  9 

2  40 

X3  4x 

21  36 

23  12 

30 

»7  44 

4  » 

X4  59 

21  52 

23  9 

18  22 

8  47 

3  3 

14  1 

21  46 

»3  « 

31 

17  28 

4^5 

22   1 

18  8 

8  25 

14  20 

ij  3 

604 


TABLE  60  A 


CORRECTION 

OF  THE  SUN'S  DECLINATION,  in  Table  60, 

1 

roa  THE  TEAKS  poLLOveiNG  1877,  1878,  1879,  1880. 

Given 
Years. 

Following  Years 

Given 
Years. 

Following  Years 

1877 

1881 

1885 

1889 

1893 

1897 

1901 

1877 

1881 

1885 

1889 

1893 

1897 

1901 

1878 

1882 

1886 

1890 

1894 

1898 

1902 

1878 

1882 

1886 

1890 

1894 

1898 

1902 

1879 

1883 

1887 

1891 

1895 

1899 

1903 

1879 

1883 

1887 

1891 

1895 

1899 

1903 

1880 

1884 

1888 

1892 

1896 

1900 

1904 

1880 

1884 

1888 

1892 

1896 

1900 

1904 

tub. 

sub. 

sub. 

sub. 

8vb. 

sub. 

sub. 

sub. 

sub. 

sub. 

sub. 

sub. 

Jan.     1 

o'l 

o'-3 

o'-4 

o'-e 

o'7 

O'O 

June 30 

o'-i 

o'-3 

o'-4 

o'-6 

o'7 

0-8 

10 

oa 

05 

0-8 

I'O 

1-3       1-6 

Jul>  10 

0-2 

o'S 

0-8 

10 

13 

1-6 

20 

0-4 

07 

I'l 

1*4 

1-8 

2*2 

20 

04 

07 

I'l 

1*4 

18 

a'2 

SO 

o'S 

10 

1*5 

2  0 

*-5 

3-0 

30 

05 

I'O 

1-5 

2*0 

i-5 

30 

Feb.  10 

0-6 

I'l 

16 

2-2 

2-8 

3*4 

Aug.  10 

05 

1*1 

17 

»'3 

2-8 

3*4 

20 

0-6 

i-i 

19 

»-5 

31 

37 

20 

o*6 

1-3 

1-9 

*-5 

3-» 

3*9 

28 

07 

1*3 

2-0 

3-6 

33 

40 

SO 

07 

*-4 

2*0 

27 

3'4 

41 

Mar.  10 

07 

«*4 

2*1 

2-8 

3-5 

42 

Sept.  10 

07 

1*4 

2"! 

2*8 

3*5 

4» 

20 

07 

1*4 

2*1 

2-8 

3-6 

43 

20 

07 

1*4 

21 

2*9 

3-6 

4*3 

add 

add 

add 

ar/d 

add 

add 

add 

add 

add 

add 

add 

add 

30 

07 

1*4 

2' I 

2-8 

35 

42 

SO 

07 

1-4 

2*1 

2'8 

3*5 

4» 

Apr.  10 

07 

^•4 

2*1 

27 

34 

41 

Oct.  10 

07 

1*4 

2'0 

a? 

3-4 

41 

20 

06 

'•3 

'•9 

a'S 

32 

39 

20 

o*6 

1*3 

i'9 

a-5 

31 

3*9 

SO 

06 

I'l 

'7 

a-3 

2-8 

3  4 

30 

05 

1*1 

x6 

2'2 

2-8 

34 

May  10 

0-5 

09 

1*5 

2-0 

»-5 

3-0 

Nov.  10 

OS 

I'D 

i"4 

19 

a*4 

2-8 

20 

0*4 

08 

I '2 

1-6 

1-9 

23 

20 

04 

0*8 

1*2 

I'S 

2'0 

a-5 

30 

0*3 

o"5 

o'8 

1*0 

I '4 

»7 

SO 

0'2 

o"5 

07 

i-o 

13 

1-6 

June  10 

0'2 

0-3 

04 

o'S 

07 

09 

Dec.  10 

0-2 

0-3 

0-4 

06 

07 

08 

20 

O'O 

0*0 

o-i 

O'l 

O'l 

O'l 

20 

00 

O'O 

O'l 

O-I 

0'2 

03 

sub. 

tub. 

sub. 

sub. 

sub. 

sub. 

tub. 

sub. 

sub. 

* 

sub. 

sub. 

«»6. 

SO 

o*i 

0-3 

04 

0-6 

07 

08 

30 

o-i 

0-3 

04 

06 

07 

09 
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RIGHT  ASCENSION  OF  THE  SUN,  for  thb  tear  1877, 

At  Apparent  Noon  at  Greenwich. 

D*y 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

8 
S 
4 
5 
6 
7 
8 
9 
10 

h   m 

i8  49 
i8  53 
i8  58 

19   A 
19   7 
19  II 
19  15 

19  ao 
19  a4 
19  28 

h   m 
21   I 

21   5 

21   9 

21  13 

ai  17 
ai  21 
ai  %$ 
ai  a9 
ai  33 
ai  37 

h   m 

aa  50 
aa  54 
aa  58 
as  I 

as  5 
23  9 

23  12 

as  16 

a3  ao 

a3  as 

h   m 
0  44 

0  47 

0  51 

0  55 

0  58 

1  a 
I  6 

I  9 

I  »3 

I  17 

h   m 

a  35 
a  39 
a  43 
a  47 
a  50 
a  54 

a  58 
3  a 

3  6 
S  10 

h   m 

4  38 
4  4a 
4  46 
4  50 
4  54 

4  58 

5  3 
5  7 
5  " 
5  15 

h   m 

6  42 
6  46 
6  50 

6  59 

7  3 
7  7 
7  " 
7  15 
7  19 

h   m 
847 

8  SI 
8  55 

8  s8 

9  a 

9  6 
9  xo 

9  14 
9  18 

9  21 

h   m 
XO43 
10  46 
XO  $0 
XO  54 
xo  57 

XX   I 

II  4 
XI  8 

II  xa 

II  15 

h   m 

xa  sx 
la  34 

12  38 
xa  4a 

la  45 
xa  49 
xa  S3 
xa  56 
IS  0 

13  4 

h   m 

14  a7 

14  31 
14  35 
14  39 
14  43 
14  47 
14  51 
14  55 

14  59 

15  3 

h  m 
16  31 

16  35 
x6  40 
x6  44 
x6  48 
x6  53 

1657 

17  a 
17  6 
17  10 

11 
13 
13 
14 
15 
16 
17 
18 
19 
20 

19  33 
19  37 
19  41 

19  46 
19  50 

19  54 

>9  59 

ao  3 

ao  7 

20  II 

ai  41 
ai  45 
ai  49 
ai  53 
ai  57 
aa  I 
aa  5 
aa  8 
aa  la 
22  16 

as  a7 
as  31 

»3  34 
as  38 

as  42 

as  45 
a3  49 

a3  53 

as  56 

0  0 

I  ao 

I  24 

I  a8 
I  SI 

I  35 

«  39 
I  4a 

I  46 

I  50 

'  54 

3  14 

3  «8 
3  2a 

3  a5 

3  a9 

3  33 

3  37 

3  4» 

3  45 

3  49 

5  19 

5  as 
5  a7 
3  sa 

5  36 
5  4«> 
5  44 
5  48 
5  5a 
5  56 

7  as 

7  a7 

7  31 
7  35 
7  39 
7  44 
7  48 
7  5a 
7  56 
7  0 

9  as 
9  a9 
9  33 
9  36 
9  40 
9  44 
9  48 
9  51 
9  55 
9  59 

IX  19 
XX  aa 
XX  a6 
XI  30 

II  33 

II  37 
II  41 

XI  44 
XI  4« 
IX  SI 

13  7 
13  II 

13  15 
xs  18 

13  aa 

13  a6 

13  30 
13  33 
13  37 
13  41 

15  7 
15  II 
15  15 
15  19 
15  as 
IS  a8 
15  sa 

15  36 
15  40 
15  44 

17  15 

17  19 
17  a4 
17  a8 

17  3a 
17  37 
17  41 
1746 
17  50 
17  55 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

20  16 
20  ao 
20  24 
ao  a8 
ao  3a 
20  36 
ao  41 
20  45 
ao  49 
ao  53 
ao  57 

aa  ao 
aa  a4 
aa  a8 
aa  31 
aa  35 
aa  39 
22  43 

22  46 

0  4 
0  7 

0  II 

0  15 

0  18 

0  aa 

0  25 

0  29 

0  33 

0  36 

0  40 

I  57 
a  I 

a  5 
a  8 
a  la 
a  16 
a  ao 
a  a4 
a  a7 
a  31 

3  53 

3  57 

4  I 
4  5 
4  9 
4  *3 

4  17 
4  aa 

4  a6 

4  30 

4  34 

6  I 

6  5 
6  9 
6  13 

6,7 

6  ax 
6  a6 
6  30 

6  34 
6  38 

8  4 
8  8 
8  xa 
8  15 
8  19 
8  as 
8  a7 
8  S« 
8  35 

8  39 
8  43 

10  3 
10  6 
10  10 
xo  14 
10  17 
10  ax 
10  as 
10  a8 
10  3a 
xo  36 
10  39 

II  55 
II  s8 
la  a 
xa  6 
xa  9 
la  IS 
xa  x6 
xa  ao 
xa  a4 
la  a7 

13  45 
13  49 
13  5a 

13  56 

14  0 
14  4 
14  8 
14  la 

14  15 

14  19 
14  as 

1548 
15  53 

15  57 

16  I 

16  10 
16  14 
x6  18 
16  aa 
16  a7 

17  59 
x8  4 

18  8 
18  12 
x8  17 
18  ai 
18  a6 
18  30 
18  35 
18  39 
1843 

Right  Ascensiok  ov  thc  Suw,  for  1878. 

1 
S 
S 
4 
5 
6 
7 
8 
9 
10 

18  48 
18  5a 

18  57 

19  1 
19  6 
19  10 
19  14 
19  19 

19  23 
19  a7 

21   0 
21   4 
21   8 

ai  la 
ai  16 
ai  ao 
21  24 
21  a8 
21  3a 
ai  36 

aa  49 

22  53 

aa  57 
as  0 

33  4 
as  8 

as  la 

as  15 

as  19 

23  23 

0  43 
0  46 
0  50 
0  54 

0  57 

1  I 

I  5 

I  8 

I  12 
I  16 

a  34 
%   38 
a  4a 
a  46 
a  49 

a  53 
a  57 
3  I 
3  5 
3  9 

4  37 
441 
4  45 
4  49 
4  53 

4  57 

5  a 
5  6 
5  10 
5  H 

641 

645 
6  49 

6  54 

6  58 

7  a 
7  6 
7  xo 
7  H 
7  «8 

8  46 

8  50 

8  54 

8  58 

9  I 

9  5 

9  9 

9  13 

9  17 
9  ao 

10  4a 
10  46 

10  49 
xo  S3 
xo  56 

11  0 
II  4 
II  7 

II  XI 

XI  14 

la  30 
la  34 
la  37 
la  41 
la  45 
la  48 
la  5a 
la  55 
la  59 

13  3 

14  a6 

14  30 
14  34 
14  38 
14  4a 
1446 
14  50 

14  54 

14  58 

15  a 

16  30 
16  34 
16  39 
X643 
x6  47 
x6  5a 

16  56 

17  I 
17  5 
17  9 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

19  3a 
19  36 
19  40 

19  45 
19  49 

«9  53 

19  58 

20  2 

20  6 
20  10 

ai  40 
ai  44 
ai  48 
ai  52 
ax  56 
ai  0 
aa  4 
aa  7 
aa  II 
aa  15 

aa  19 
aa  a3 
aa  a7 
aa  30 
aa  34 
aa  38 
aa  4a 
aa  45 

23  26 
as  so 

13  34 
as  S7 
as  41 
as  45 
as  48 
as  5a 
as  56 
as  59 

X  19 

I  as 

I  27 

X  so 

I  34 
I  38 
I  41 

«  45 
I  49 

I  53 

3  13 

3  17 
3  ax 

3  as 
3  a8 
3  Sa 
3  36 
3  40 
3  44 
3  48 

5  18 
5  aa 
5a6 

5  31 
5  35 
5  39 
5  43 
5  47 
5  51 
5  55 

7  aa 
7  a6 

7  30 
7  34 
7  39 
7  43 
7  47 
7  SI 
7  55 
7  59 

9  a4 
9  a8 

9  3* 
9  36 
9  39 
9  43 
9  47 
9  51 
9  54 
9  58 

IX  x8 
XX  aa 
XI  as 
IX  29 
II  sa 
II  36 
II  40 
II  43 
II  47 
IX  50 

13  7 
13  10 
13  14 
IS  18 
IS  21 
13  as 
13  a9 
13  33 
13  36 
13  40 

15  6 

IS  10 
15  14 
IS  x8 
15  aa 
15  a7 
15  31 
15  35 
15  39 
15  43 

17  14 
17  18 
17  as 
17  a7 
17  31 
17  36 
17  40 
17  45 
17  49 
17  54 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

ao  15 

20  18 
20  23 
20  27 
20  31 
ao  35 
20  40 
20  44 
ao  48 
ao  5a 
ao  56 

0  3 
0  6 
0  10 
0  14 
0  17 
0  21 

0  2$ 

0  a8 
0  3a 
0  36 

0  39 

X  56 
a  0 

a  4 
a  8 

a  XX 

a  15 
a  19 

a  as 

a  a6 

a  30 

3  5a 

3  56 

4  0 
4  4 
4  8 
4  xa 

4  17 
4  ax 
4  as 

4  a9 
4  33 

6  0 
6  4 
6  8 
6  xa 
6  16 
6  ao 
6  as 
6  a9 

6  33 
6  37 

8  3 
8  7 
8  XX 

8  15 
8  19 

8  aa 

8  a6 

8  30 

8  34 
8  38 
8  4a 

xo  2 
10  5 
xo  9 
^o  IS 
10  x6 
xo  ao 
xo  a4 
xo  a7 
xo  31 

10  35 
10  38 

II  54 
XX  58 
la  I 
la  5 
la  8 
la  la 
la  x6 
xa  19 
xa  as 
xa  a6 

13  44 
13  48 

13  51 
13  55 

13  59 

14  3 

14  7 
14  II 

14  15 

14  18 

14  aa 

15  47 
15  5a 

15  56 
x6  0 

16  4 
16  9 
x6  13 
16  17 
x6  ai 
16  a6 

17  58 

18  a 

18  7 
18  XX 

18  16 
x8  ao 
x8  as 
x8  a9 

18  34 
18  38 
18  42 
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TABLE  61 

RIGHT  ASCENSION  OF  THE  SUN,  for  the  Year  1879, 

At  Apparent  Noon  at  Greenwich. 

Day 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sipt. 

Oct. 

Not. 

Dec 

h   m 

h   m 

h   m 

h   m 

h   m 

h   m 

h   tn 

h  m 

h   m 

h   B 

h   B 

k   B 

1 

i8  47 

20  59 

22  48 

0  42 

2  33 

4  36 

6  40 

!♦« 

10  41 

12  29 

14  25 

16  29 

2 

i8  51 

21  3 

22  52 

0  46 

2  37 

4  40 

6  44 

8  49 

10  45 

12  33 

14  29 

16  33 

3 

18  56 

21  7 

22  56 

0  49 

2  41 

4  44 

6  48 

8  S3 

10  48 

12  36 

'4  33 

x6  38 

4 

19  0 

21  II 

22  59 

0  53 

a  45 

448 

6  53 

8  57 

10  52 

12  40 

H  37 

16  42 

5 

»9  4 

21  15 

23   3 

0  56 

2  49 

4  5* 

6  57 

9  0 

10  56 

12  44 

14  41 

16  46 

6 

19  9 

21  19 

23   7 

I   0 

2  52 

456 

7  » 

9  4 

10  59 

12  47 

H45 

16  51 

7 

19  13 

21  23 

23  11 

I  4 

2  56 

5  I 

7  5 

9  8 

II   3 

12  51 

»4  49 

16  55 

8 

19  18 

21  27 

23  14 

I  7 

3  0 

5  5 

7  9 

9  12 

II  6 

12  55 

>4  53 

16  59 

9 

19  22 

21  31 

23  18 

I  II 

3  4 

5  9 

7  13 

9  16 

II  10 

.12  58 

H  57 

17  4 

•  10 

19  26 

»i  35 

23  22 

I  »5 

3  8 

5  13 

7  17 

9  20 

II  14 

13   2 

«5  I 

17  8 

11 

19  31 

»»  39 

23  25 

I  18 

3  »2 

5  17 

7  21 

9  13 

II  17 

1.3  6 

15  5 

17  13 

12 

19  35 

21  43 

23  29 

I  22 

3  16 

5  21 

7  45 

9  *7 

II  21 

13  9 

»5  9 

17  17 

13 

19  39 

21  47 

23  33 

I  26 

3  20 

5  25 

7  *9 

9  3' 

II  24 

13  13 

15  13 

17  21 

14 

19  44 

21  51 

23  36 

I  29 

3  24 

5  30 

7  33 

9  35 

II  28 

13  17 

»5  »7 

17  26 

15 

19  48 

21  55 

23  40 

1  33 

3  28 

5  34 

7  38 

9  38 

II  32 

13  20 

15  21 

17  30 

16 

19  52 

21  59 

»3  44 

I  37. 

3  31 

5  38 

7  41 

9  42 

II  35 

13  24 

15  26 

17  35 

17 

19  56 

22  3 

23  47 

I  41 

3  35 

5  42 

7  46 

9  46 

II  39 

13  28 

15  30 

n  39 

18 

20  I 

22  7 

23  51 

I  44 

3  39 

5  46 

7  50 

9  50 

II  42 

13  32 

»5  34 

»7  44 

19 

20  5 

22  10 

23  55 

I  48 

3  43 

5  50 

7  54 

9  53 

II  46 

13  36 

15  38 

17  48 

20 

20  9 

22  14 

23  58 

I  52 

3  47 

5  55 

7  58 

9  57 

II  49 

13  39 

15  42 

17  53 

21 

20  13 

22  18 

0  2 

I  55 

3  51 

5  59 

8  2 

10  I 

II  53 

13  43 

15  46 

17  57 

22 

20  18 

22  22 

0  6 

I  59 

3  55 

6  3 

8  6 

10  4 

II  57 

13  47 

15  51 

18  I 

23 

20  22 

22  26 

0  9 

2  3 

3  59 

6  6 

8  10 

10  8 

12  0 

13  5» 

15  55 

18  6 

24 

20  26 

22  29 

0  13 

2  7 

4  3 

6  II 

8  14 

10  12 

12  4 

13  54 

15  59 

18  10 

25 

20  30 

22  33 

0  16 

2  10 

4  7 

6  15 

8  18 

10  16 

12  7 

13  58 

16  3 

18  15 

26 

20  34 

22  37 

0  20 

2  14 

4  11 

6  19 

8  22 

10  19 

12  II 

14  2 

16  8 

18  19 

27 

20  3^ 

22  41 

0  24 

2  18 

4  16 

6  24 

825 

10  23 

12  15 

14  6 

16  12 

1824 

28 

20  43 

22  45 

0  27 

2  22 

4  20 

6  28 

8  29 

10  27 

12  18 

14  10 

16  16 

18  28 

29 

20  47 

0  31 

2  26 

4  24 

6  32 

8  33 

10  30 

12  22 

14  14 

16  20 

18  32 

30 

20  51 

0  35 

2  29 

4  28 

6  36 

8  37 

»o  34 

12  25 

14  17 

16  25 

18  37 

31 

»o  55 

0  38 

4  32 

8  41 

10  37 

14  21 

1841 

I 

llGHT  AsCENSia 

>K  OF  T] 

HE  Son 

,  FOE  18 

80. 

I 

18  46 

20  58 

22  51 

0  45 

2  36 

4  39 

6  43 

8  48 

10  44 

12  32 

14  28 

16  32 

2 

iS  50 

21  2 

22  55 

0  48 

2  40 

4  43 

647 

8  52 

10  47 

12  35 

14  3a 

16  37 

3 

18  55 

21  6 

22  59 

0  52 

2  44 

4  47 

6  52 

8  56 

10  51 

12  39 

14  36 

16  41 

4 

18  59 

21  10 

23  2 

0  56 

2  48 

4  5' 

6  56 

9  0 

10  55 

12  43 

1440 

16  45 

5 

19  3 

21  14 

23  6 

0  59 

2  51 

4  55 

7  ® 

9  3 

10  58 

12  46 

1444 

16  50 

6 

19  8 

21  18 

23  lO 

I  3 

2  55 

5  0 

7  4 

9  7 

II  2 

12  50 

1448 

16  54 

7 

19  12 

21  22 

23  13 

I  7 

2  59 

5  4 

7  8 

9  " 

i«  5 

12  54 

14  52 

16  58 

8 

19  17 

21  26 

23  17 

I  10 

3  3 

5  8 

7  12 

9  15 

II  9 

12  57 

14  $6 

17  3 

9 

19  21 

21  30 

23  21 

I  14 

3  7 

5  12 

7  16 

9  19 

II  13 

13  1 

15  0 

17  7 

10 

19  25 

21  34 

23  24 

I  18 

3  " 

5  16 

7  20 

9  22 

II  16 

»3  5 

XS  4 

17  la 

11 

19  30 

21  38 

33  28 

I  21 

3  15 

5.20 

7  14 

9  26 

II  20 

13  8 

15  8 

17  16 

12 

19  34 

21  42 

23  32 

I  15 

3  '9 

5  24 

7  28 

9  30 

II  23 

13  12 

15  12 

17  20 

13 

19  3« 

21  46 

23  35 

I  29 

3  23 

5  29 

7  33 

9  34 

II  27 

13  16 

15  16 

17  25 

14 

'9  43 

21  50 

23  39 

I  32 

'3  27 

5  33 

7  37 

9  38 

II  31 

13  20 

15  20 

.17  29 

15 

»9  47 

21  54 

23  43 

I  36 

3  31 

5  37 

7  41 

9  41 

II  34 

13  23 

15  25 

17  34 

16 

19  51 

21  58 

23  46 

I  40 

3  34 

5  41 

7  45 

9  45 

II  38 

13  27 

15  29 

17  38 

17 

19  55 

22   2 

23  50 

«  43 

3  38. 

5  45 

7  49 

9  49 

II  41 

13  31 

15  33 

«7  43 

18 

20  0 

22   6 

a3  54 

«  47 

3  4* 

5  49 

7  53 

9  52 

"  45 

13  34 

«5  37 

17  47 

19 

20  4 

22   9 

a3  57 

I  51 

346 

5  54 

7  57 

9  56 

II  49 

13  38 

15  41 

17  5» 

20 

20  8 

22  13 

0  I 

'  55 

3  50 

5  58 

8  I. 

10  0 

II  52 

13  42 

«5  45 

17  56 

21 

20  12 

22  17 

0  5 

I  58 

3  54 

6  2 

8  5 

10  4 

II  56 

1346 

15  50 

18  0 

22 

20  17 

22  21 

0  8 

2  2 

3  58 

6  6 

8  9 

10  7 

II  59 

13  50 

«5  54 

18  5 

23 

20  21 

22  25 

0  12 

2  6 

4  2 

6  10 

8  13 

10  II 

12  3 

13  53 

15  58 

18  9 

24 

20  25 

22  29 

0  16 

2  10 

4  6 

6  14 

8  17 

10  15 

12  7 

13  57 

16  2 

18  14 

25 

20  29 

22  32 

0  19 

a  «3 

4  " 

6  18 

8  21 

10  18 

12  10 

14  I 

16  7 

18  18 

26 

20  33 

22  36 

0  23 

2  17 

4  15 

6  23 

8  24 

10  22 

12  14 

»4  5 

16  II 

18  23 

27 

20  38 

22  40 

0  26 

2  21 

4  19 

6  27 

8  28 

10  26 

12  17 

H  9 

16  15 

28  27 

28 

20  42 

22  44 

0  30 

2  25 

4  23 

6  31 

8  32 

10  29 

12  21 

14  13 

16  19 

18  31 

29 

20  46 

22  47 

0  34 

2  28 

4  a7 

6  35 

8  36 

10  33 

12  25 

14  17 

16  24 

18  36 

30 

20  50 

0  37 

2    32 

4  31 

6.39 

8  40 

10  37 

12  28 

14  20 

16  28 

18  40 

31 

ao  54 

0  41 

4  35 

8  44 

fo  40 

14  24 

18  45 

TABLE  62 


657 


EQUATION  OF  TIME,  roE  ths  txae  1877, 

For  Apparent  Noon  at  Greenwich 

• 

Day 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 
add 

Sept. 

Get. 

Not. 

Deo. 

add 

Mtd 

add 

tub. 

aiU 

iii6. 

tub. 

tub. 

1 

4-  OF 

13-55- 

I2"30« 

add  3'»52* 

3-  3- 

#1(6.  2'»26« 

3-133. 

6-  2« 

o»i3« 

10F27« 

l6-20» 

«w6.  ro»4i« 

S 

4aS 

14  2 

12  18 

3  34 

3  " 

2  17 

3  45 

5  58 

0  32 

10  45 

16  21 

10  18 

8 

456 

14  8 

I*  5 

3  16 

3  «7 

a  7 

3  56 

5  54 

0  52 

II   4 

16  20 

9  54 

4 

5  as 

14  14 

II  52 

2  58 

3  »3 

'  57 

4  7 

5  49 

I  II 

IX  22 

16  19 

9  30 

5 

•5.50 

14  19 

II  38 

3  40 

3  29 

«  47 

4  «7 

5  43 

I  31 

IX  40 

16  17 

I     5 

6 

6  16 

14  22 

II  24 

2  23 

3  34 

I  36 

4  27 

5  37 

1  51 

"  57 

16  15 

8  39 

7 

64a 

14  26 

II  9 

2  6 

3  38 

I  25 

4  37 

5  30 

2  XI 

12  14 

16  IX 

8  13 

8 

7  « 

14  28 

10  54 

I  49 

3  4a 

«  14 

4  47 

5  »a 

a  Ji 

12  31 

16  7 

7  46 

9 

7  33 

14  30 

10  39 

I  3» 

3  45 

1   2 

4  56 

5  14 

2  52 

12  47 

16  2 

7  19 

10 

7  57 

14  30 

10  23 

1  j6 

3  47 

0  50 

5  4 

5  5 

3  la 

13  3 

15  56 

6  52 

11 

8  21 

14  30 

10  7 

0  59 

3  49 

0  38 

5  «3 

456 

3  33 

13  18 

15  49 

6  24 

IS 

8  44 

14  30 

9  5« 

0  44 

3  5' 

0  26 

5  ai 

4  46 

3  54 

13  33 

IS  4f 

5  56 

IS 

9  7 

14  29 

9  35 

0  28 

3  51 

0  13 

5  28 

4  36 

4  15 

13  47 

15  32 

5  a8 

14 

9  «9 

14  26 

9  18 

add  013 

3  5a 

*Hb.  0     I 

5  35 

4  as 

4  36 

14  I 

15  23 

4  59 

15 

9  50 

14  23 

9  I 

«K&.  0  2 

3  5J 

add  0   12 

5  4» 

4.14 

4  57 

14  14 

'5  13 

4  30 

16 

10  II 

14  19 

8  44 

0  16 

3  50 

0  25 

5  47 

4  a 

5  18 

14  27 

15  2 

4  I 

17 

10  31 

14  15 

8  26 

0  31 

3  49 

0  38 

5  5a 

3  49 

5  40 

»4  39 

14  50 

3  31 

18 

10  50 

14  10 

8  9 

0  44 

3  47 

0  51 

5  57 

3  36 

6  I 

14  50 

14  37 

3  a 

19 

II  8 

H  4 

7  5J 

0  58 

3  44 

■  4 

6  I 

3  a2 

6  22 

15  I 

14  24 

2  32 

Ift) 

II  26 

«3  57 

7  33 

I  II 

3  41 

I  17 

6  5 

3  8 

6  43 

15  12 

14  10 

2  2 

21 

"  43 

13  50 

7  15 

I  23 

3  38 

I  30 

6  8 

a  54 

7  4 

IS  21 

«3  55 

X  32 

22 

II  59 

13  4» 

6  56 

>  35 

3  34 

»  43 

6  10 

a  39 

7  as 

15  30 

«3  35 

I  2 

23 

12  14 

13  34 

6  38 

»  47 

3  a9 

1  56 

6  12 

2  23 

7  46 

15  39 

13  22 

0  32 

84 

12  29 

13  25 

6  20 

I  58 

3  a4 

»  a  8 
2  21 

6  13 

a  7 

8  7 

1546 

13  5 

9ub.    0  3 

25 

12  42 

13  '5 

6  I 

2  9 

3  18 

6  14 

»  SI 

8  28 

15  53 

12  46 

add    0  27 

26 

12  55 

'3  5 

5  43 

2  20 

3  «* 

2  33 

6  14 

«  34 

8  48 

'5  59 

12  27 

0  57 

27 

13  7 

12  54 

5  14 

2  29 

3  6 

2  46 

6  14 

I  17 

9  8 

16  5 

12  8 

I  27 

28 

13  18 

12  42 

5  5 

2  39 

a  59 

a  58 

6  13 

I  0 

9  28 

16  9 

II  47 

X  56 

29 

13  29 

4  47 

2  47 

2  51 

3  «o 

6  II 

0  42 

9  48 

16  13 

II  26 

2  26 

30 
31 

13  38 

418 

2  56 

a  43 

3  22 

6  9 

0  24 

10  7 

16  16 

II  4 

a  55 

n   47 

4  10 

a  35 

6  6 

0  5 

16  18 

3  24 

Eqdatioi 

r  OP  TiMB,  FOE  1874. 

add 

add        add 

«H^. 

1 
1 

add 

add 

tub. 

tub. 

»ub. 

1 

3'5a' 

I3"52',  1 2™  32* 

a<^  3-56» 

r  I' 

sub,  2»27' 

3"3a' 

6-  6- 

0"  7' 

I0"20' 

i6-i8- 

$ub.  xo"46' 

2 

4  a> 

14  0  12  20 

3  38 

3  9 

2  18 

3  44 

6  2 

0  25 

10  39 

16  19 

xo  23 

S 

448 

14  6 

12  3 

3  20 

3  15 

2   8 

3  55 

5  57 

0  45 

10  57 

16  19 

9  59 

4 

5  16 

14  12 

II  54 

3  » 

3  2i 

I  58 

4  6 

5  5a 

J  4 

II  x6 

16  18 

9  35 

5 

5  43 

14  17 

II  41 

a  45 

3  a7 

I  48 

4  «7 

5  47 

I  24 

II  3^ 

16  17 

S  " 

€ 

6  10 

14  21 

II  27 

2  27 

3  3a 

1  37 

4  a7 

5  40 

«  44 

II  51 

U  14 

845 

7 

6  36 

14  2S 

11  13 

2  10 

3  36 

s  26 

4  37 

5  34 

a  4 

12  9 

i(  II 

8  20 

8 

7  > 

14  27 

10  58 

«  53 

3  40 

»  J5 

4  4^ 

5  a6 

2  25 

12  25 

16  7 

7  53 

9 

7  *7 

14  29  '  10  43 

I  36 

3  43 

I  3 

4  55 

5  18 

a  45 

12  42 

16  3 

7  a7 

10 

7  51 

14  30 

10  27 

I  20 

346 
3  48 

0  52 

0  40 

5  4 

5  S 

3  6 

12  58 

15  57 

6  59 

11 

8  15 

«4  30 

10  11 

'  4 

5  la 

5  0 

3  a7 

12  n 

15  50 

6  32 

12 

8  38 

14  29 

9  55 

0  48 

3  50 

0  28 

5  20 

4  50 

3  48 

13  28 

IS  43 

6  4 

13 

9  ' 

14  28 

9  38 

0  32 

3  51 

0  15 

5  a7 

4  40 

4  9 

'3  43 

'S  35 

5  36 

14 

9  *3 

14  26 

9  22 

0  17 

3  5« 

*Mh.  0  3 

5  34 

4  a9 

4  30 

>3  57 

15  26 

5  7 

15 

9  44 

»4  ^3 

9  5 

fttlil  0  I 

3  5» 

addo   10 

5  4" 

4  18 

4  5' 

14  10 

15  16 

438 

16 

10  5 

14  19 

8  47 

«a6.  0  13 

3  5« 

0  22 

5  46 

4  6 

5  'a 

14  a3 

15  5 

4  9 

17 

10  25 

14  15 

8  30 

0  28 

3  49 

0  35 

5  5a 

3  53 

5  34 

14  36 

14  54 

3  40 

18 

10  44 

>4  9 

8  12 

0  42 

3  4« 

0  48 

5  56 

3  40 

5  55 

H  47 

14  41 

3  »o 

19 

II  2 

14  4 

7  54 

0  55 

3  45 

I  I 

6  1 

3  a7 

6  16 

14  58 

14  27 

2  40 

20 

II  20 

«3  57 

7  36 

I  8 

3  4a 

I  14 

6  5 

3  '3 

6  37 

«5  9 

14  13 

2  10 

21 

"  37 

13  50 

7  17 

I  Jki 

3  39 

I  27 

6  8 

2  S8 

6  58 

15  18 

13  58 

I  40 

22 

'"  53 

13  42 

6  59 

I  33 

3  35 

1  40 

6  10 

a  44 

7  "9 

15  27 

13  42 

i  10 

23 

12  9 

13  34 

641 

■  45 

3  3* 

»  53 

6  13 

2  28 

7  40 

15  36 

13  26 

0  40 

24 

12  23 

13  25 

6  23 

«  57 

3  a5 

2  6 

6  14 

a  13 

8  I 

»5  43 

13  8 

$mb.    0   10 

25 

12  37 

13  16 

6  4 

2  7 

3  20 

2  18 

6  15 

I  56 

8  21 

'5  50 

12  50 

add   0  20 

26 

12  50 

13  6 

5  46 

2  18 

3  «4 

2  31 

6  16 

I  40 

8  41 

15  56 

12  31 

e  50 

27 

>3  3 

«»  55 

5  »7 

2  27 

3  7 

a  44 

6  15 

I  23 

9  a 

f6  2 

12  II 

1  20 

28 

»3  '4 

12  44 

5  9 

a  37 

3  0 

2  56 

6  15 

I  6 

9  21 

16  7 

IX  5» 

I  49 

29 

13  25 

4  51 

2  46 

a  5a 

3  8 

6  13 

0  48 

9  4» 

i6''ii 

11  30 

2  19 

30 

'3  35 

4  32 

»  54 

a  44 

3  21 

6  II 

0  30 

10  I 

16  14 

XI  8 

248 

31 

"3  44 

4  14 

2  36 

6  9 

0  12 

x6  x6 

3  x8 

u  u 
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TABLE  62 

EQUATION  OF  TIME,  for  thk  Yba»  1879, 
For  Apparent  Noon  at  Greenwieb. 

Da^ 

1 
2 
S 
4 
5 
6 
7 
8 
9 
10 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct 

Nov. 

Dec. 

add 

3-45' 
4  13 

4  41 

5  9 

5  36 

6  2 

6  a8 

6.54 

7  19 
7  43 

add 
13" 50" 

'3  57 
14  4 

14  10 
14  15 
14  19 
14  22 
14  25 
14  27 
14  28 

add 
I2"35" 
12  23 
12  10 
II  57 

II  44 
II  30 
11  15 

IX   I 

fo  45 
10  30 

add  ^"^  1* 

3  4» 
3  *4 
3  7 
2  49 
2  31 

2  14 

I  57 
I  40 

I  23 

9Ub. 

2-59- 

3  6 
3  13 
3  19 
3  a5 
3  30 
3  35 
3  39 
3  43 
346 

tub.  2»28- 
2  19 
2  10 
2  0 
I  50 
I  40 
I  29 
I  18 
I  6 

0  55 

add 
3-30" 

3  4» 

3  53 

4  4 
4  14 
4  *4 
4  34 
4  44 

4  53 

5  * 

afid 
6«  7» 
6  3 
5  58 
5  53 
548 

5  4* 
5  35 
5  27 
5  19 
5  II 

sub. 
0"  2» 
0  21 

0  40 
X  0 

1  20 
I  40 

2   0 
2  20 

2  41 

3  I 

tub, 
10"  1 6' 

10  35 

10  53 

11  12 
II  30 

11  48 

12  5 
12  22 
12  38 
12  54 

tub. 
1 6-1 8- 
16  19 
16  20 
x6  19 
16  18 
16  16 
16  13 
16  9 
16  4 
15  58 

fii6.  io"si' 
10  19 
10  6 
942 
9  17 
85a 
8  26 

8  0 

7  33 

7  6 

1] 
12 
13 
U 
15 
16 
17 
18 
19 
20 

8  7 

8  31 

8  54 

9  16 

9  37 

9  58 

10  iS 

10  38 

10  57 

11  15 

14  28- 
14  28 
14  27 
14  25 
14  22 
14  19 
14  14 
14  10 

H  4 
13  58 

10  14 
9  58 
9  41 
9  »5 
9  8 
8  50 

8  33 
8  15 

758 
7  40 

I  7 
0  51 

0  35 
0  20 
add  0  5 
sub,  0  10 
0  24 
0  38 

0  52 

1  5 

348 
3  50 
3  51 

3  51 
3  51 
3  51 
3  50 
348 
3  45 
3  4a 

0  43 
0  31 
0  18 
ntb.  0     6 
add  0     7 
0  20 
0  33 
0  46 

0  59 

1  12 

5  10 
5  18 
5  26 

5  33 
5  39 

5  45 
5  51 

5  56 

6  I 

6  5 

5  2 
4  52 

4  42 

4  32 
4  21 

4  9 
3  57 
3  44 
3  31 
3  17 

3  22 

3  43 

4  4 

4  a5 
446 

5  7 
528 

5  49 

6  10 

6  31 

13  10 

13  a5 
13  39 

13  53 

14  7 

14  20 

14  32 

14  44 

14  55 

15  5 

15  5» 
15  45 
15  37 

15  27 
15  18 

15  7 

14  55 

14  43 

14  30 
14  16 

63S 
6  10 

541 
5  >S 
444 
4  IS 
346 
3  16 

246 
2  16 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

II  32 

11  49 

12  4 
la  19 
12  34 
12  47 

12  59 

13  II 
'13  21 

13  32 

13  41 

>3  51 
13  44 
13  36 
13  27 
13  18 
13  8 
12  58 
12  47 

7  22 

7  4 
6  46 

6  27 

6  9 

5  51 
5  3» 
5  14 
4  55 
4  37 
4  19 

I  18 

I  30 
I  42 

1  53 

2  4 
2  14 

2  24 

2  34 
2  42 

2  51 

3  39 
3  35 
3  30 
3  a5 
3  20 

3  14 

3  7 
3  0 
a  53 
a  45 

2  37 

I  25 
1  38 

1  51 

2  4 

2  17 
2  29 
2  42 

2  54 

3  7 
3  18 

6  8 
6  II 
6  13 
6  15 
%   16 
6  16 
6  16 
6  16 
6  14 
6  12 
6  10 

3  3 
2  48 

2  33 
2  17 
2  I 

I  45 

I  28 

I  11 

0  53 
0  35 
0  16 

6  52 

7  13 
7  34 

7  55 

8  16 

8  36 

8  56 

9  17 
9  36 
9  56 

15  15 
15  44 
15  33 
15  41 
15  48 

15  55 

16  0 

■6  5 

16  10 
16  13 

x6  16 

14  I 

11  45 
13  29 
13  12 

12  54 
12  36 
12  16 
XI  56 

II  35 
XX  14 

I  47 
X  17 
047 

sub.    0  17 
add  0   13 

043 

I  13 

1  42 

2  If 

2  40 

3  9 

Equatiok  op  TiMB,  Foa  1880. 

1 
2 
S 

4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
'29 
30 
31 

add 
3-38' 
4  6 

4  34 

5  2 

5  a9 

6  22 

6  48 

7  13 
7  38 

add 
13-47- 

13  55 

14  2 

14  8 
14  13 
14  18 
14  22 
14  25 
14  27 
14  28 

add 

I2"26" 

12  13 
12  0 
II  47 

II  33 
II  19 

II  4 

10  49 

lo  34 
10  18 

add  3'»47' 

3  19 

3  II 

a  53 
2  36 

2  18 

2  I 

I  44 

X  28 

I  12 

9ub. 

3-  5' 
3  12 

3  18 
3  H 
3  29 
3  34 
3  38 
3  41 
3  44 
346 

3  48 
3  49 
3  50 
3  50 
3  50 
3  48 
3  47 
3  45 
3  42 
3  39 

Mub.   2"22» 
2  12 

2   3 

I  5» 
I  42 

I  31 

X  20 

X  8 

0  57 
0  45 

add 

3-38» 

3  50 

4  I 

4  II 
4  22 

4  32 
4  42 

4  51 

5  0 
5  9 

add 
6-  3* 
5  59 
5  54 
5  49 
5  43 
5  36 
5  29 
5  21 
5  13 
5  4 

«h6. 
o"i7" 
0  37 

0  56 

1  15 

I  35 

1  55 

2  15 
2  36 

2  56 

3  17 

sub, 
ioP»3i» 

10  50 
IX  8 
XX  26 

11  44 

12  I 
12  18 

12  34 

12  50 

13  6 

tub. 
i6-i9- 
16  so 
x6  19 
16  18 
16  16 
16  13 
16  9 
16  5 

15  59 

15  53 

«f6.  10^35* 
10  11 

9  47 
9  23 

857 
832 

8  6 

7  39 
7  12 

645 

8  2 
8  26 

8  49 

9  u 

9  33 

9  54 
10  15 

10  34 

10  53 

11  II 

14  29 
14  29 
14  28 
14  26 
14  24 
14  20 
14  17 
14  12 

14  7 
14  0 

10  % 
9  46 
9  30 

9  13 
8  56 

8  38 

8  21 

8  3 

7  45 
7  27 

0  56 
0  40 
0  24 
add  0  9 
tub,  Q  5 
0  to 

0  34 

0  47 

X   I 

1  14 

0  33 

0  20 

Bub.o     8 

add  0     5 

0  18 

0  30 

0  43 

0  56 

1  9 

I  22 

5  17 
5  24 

5  3» 
5  38 
5  44 
5  50 
5  55 

5  59 

6  3 
6  7 

4  55 
4  45 
4  34 
4  23 
4  II 
3  59 
3  46 
3  33 
3  19 
3  5 

3  38 

3  59 

4  20 

4  41 

5  2 
5  24 

5  45 

6  6 

6  27 
6  48 

13  21 
13  36 

13  50 

14  4 
14  17 
14  30 
14  42 

14  53 

15  4 
15  14 

1546 
15  38 

15  30 
15  20 

15  10 

14  59 

14  47 

14  34 
14  20 

14  6 

617 
5  49 
5  »o 
4  5a 
4  a3 
3  53 
3  44 
2  54 
2  25 

I  55 

II  29 

11  45 

12  I 
12  16 
12  30 
12  44 

12  56 

13  8 
»3  19 
13  29 
'3  39 

13  54 
13  46 

13  38 

13  30 

13  20 

13  II 
13  0 
12  49 
12  38 

6  32 
6  14 

5  55 
5  37 
5  18 
5  0 
4  41 
4  23 
4  5 

I  26 
I  38 

1  50 

2  I 
2  12 
2  22 
2  31 
2  40 
2  49 

2  57 

3  35 
3  31 
3  2b 

3  21 
3  15 
3  9 
3  2 

1  55 

2  48 

a  39 
2  31 

1  35 
148 

2  0 

2  13 
2  26 
2  38 

2  51 

3  3 
3  15 
3  27 

6  10 

6  12 

6  .4 

6  15 

6  .5 

6  IS 

6  IS 
6  13 

6  11 

6  9 
6  6 

2  50 

2  35 
2  20 

2  4 

I  47 
I  30 

I  13 

0  56 

0  38 

0  20 

0  I 

7  10 

7  31 

7  51 

8  12 

8  33 

8  53 

9  13 

9  33 

9  52 

10  12 

15  23 
15  32 

15  40 

15  4« 
H  54 

16  0 
16  5 

16  10 
16  13 
16  16 
16  18 

13  50 

13  34 
13  17 

12  59 
12  41 
12  22 
12  2 
II  41 
IX  20 
10  57 

I  25 

0  55 
sub.   0  25 
add   0  5 

0  35 

1  5 

1  34 

2  4 

2  13 

3  » 
3  3» 

I 

TABLE  G3 
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MEAN  PLACES  OP  THE  PRINCIPAL  FIXED  STARS 

For  Jan.   1st,  1878. 


Nama 


A  ndroniedjB 
yPegaai 


Aigenib 


Qmiopi 

^Ceti 

a  UrwD  Minorii 

«  Eridani 

a  Arietis    

y  Ceti    

a  Ccti    

«  Persei    


Polaris 
Acktmar 


a  Tauri 
•  AurigiB 
3  Ononis 

/9  Tauri 

a  ColumlMi 


Aldebaran 
CaptUa 


Orionis 
Argftt 

Canii  M^orif 
Canis  Majoris 
Geminorum 


Btteigvete 

Canoptu 

Siring 

•  •••••••■••  ••■ 

Castor 


a 
« 


y 


Canis  Mioorit 

Geminorinn 

ArgAs 

ArgAs    

Hydm 

Leoois 

Argiii 

Ursa  Bii^orii 

Leoiiis   

Urae  Majoris    .. 


IVocyon 

Pollux 

Navit 


Aiphard 
Rfguhu 

Dubkt 


a 
If 

a* 

a 


Cruois   

Canum  Veuaticorum    ...... 

Virgisia  Spka 

JSnm  Majorii 
Centauri    .... 


•••••••• «»•••• • 


Bootifl  Areturus 

Centauri    

Libr»    

CorotUB  Borealis  A^pkaeea 
Serpentis   


a 
a 
0 


a 
a 
a 


Scorpii  

Scorpii 

Trianguli  Australia 

Draeonis    ..«.. 

Ophiuehi   

Draeonis    

Lyras 
Aquils 

Pavonis 

Cygni     


Antare$ 


Vtga 
AHair 


a 
c 
a 
a 


Cepbet 

Pegasi    

Gruis 

Pisoif  Auatralis  Fomatkumt 

Markmb 


Mag. 


a 

».  3 
Tar. 

% 

% 

I 

a 

3«4 

a,3 

a 


I 
I 

I 


I 

3 
I 

a 

I 

I 

I 

2»3 

a 

1.3 


a 
I.  a 

a 

*>3 

a 

»»3 
I 

f,  a 

a 
iia 


».3 

a.3 

a 

I,  a 

a 


Right  Asc. 


h 
o 
o 
o 
o 
I 


■I      • 

»     5 

6  57 

33  36 

37  »8 
14    a 


I  33  10 
a  o  18 
a  36  59 

»  55  54 

3  »5  37 


4 
5 
5 
5 
5 


a8  55 

7  41 

8  40 

18  35 

35  «4 


5  48  34 

6  21   15 

6  39  46 

6  53  50 

7  *6  49 


7  3*  55 

7  37  5" 

8  a  ai 

9  »3  49 
9  a»  35 

o     I  52 

0  40  ao 

O   56    II 

1  42  50 
1  47  24 


2 
a 

3 
3 
3 

4 
4 
4 
5 
5 


19  49 

50  19 

18  46 

4»  44 
55  "4 

zo    6 
31  ai 

44    8 

19  31 

38  16 


5  58  *i 

6  ai  56 

15  46 
ay  41 

a9  16 


7  53  4« 

8  3a  48 

9  44  50 
ao  16  o 
20  37  z6 


21  15  40 

21  38  12 

22  o  32 
22  50  54 
22  58  41 


Ann.  Var. 


+  3*09 
3-08 

337 
3'oi 

2I'3I 

2'23 

3'37 
3*io 

313 

4-25 


+  344 

4-42 

2-88 
379 

2*1 8 

3a5 

133 

2*65 
2'36 

3-84 


+  314 
3-68 

»-55 
I '60 

295 

3*20 

2-31 

376 

3'o6 
319 


+  3*a7 

2*8 1 

315 

2'37 

4'X7 

»73 
404 

8'3i 

a*  54 
2*95 


+  348 
3«7 
6*29 

'•35 

278 

«'39 
2*03 

a-93 

479 
2*04 


+  1-44 
2-95 

3-81 

3*33 
a-98 


Declination 


28  25     oN. 
14  30  18  N. 

55  5*     4N. 

18  39  24  S. 
88  39  31  N. 

24  S. 

4N. 

13  N. 

36  N. 

30  N. 


57  51 

22  53 

2  43 

3  36 
49  ^5 


16  15 

45  5» 

8  20 

28  30 
14    8 


7 

5* 
16 

28 
3» 


22 

37 

33 

48 

9 


44  N. 
18  N. 

39  S. 

8N. 

238. 

57  N. 
47  S. 
oS. 
26  S. 
15  N. 


5 
28 

»3 

58 

8 


3* 
>9 
57 
45 
7 


12  33 

59     a 
6a  24 

15  15 

54  »a 


9N. 

9N. 
14  S. 
46  a. 
$iS. 

46  N. 
33  S. 
32  N. 

14  N. 

23  N. 


Ann.  Var. 


+  199 
+  ao*o 
+  19*8 
—  19-8 
+  19-0 

-i8'4 
+  17  a 

+  «5"3 

+  14-3 
+  13-1 


+ 

+ 


+ 

+ 


7-6 

41 

4*4 

3-4 
a*a 

I'O 

«^ 

47 
47 

rs 


62  25 

3«  58 
10  31 

49  55 

59  47 

19  49 

60  19 
15  3a 

27     7 
6  48 


18  S. 
40  N. 
26  8. 
21  N. 

la 

7N. 
39  s. 

iS. 

35  N. 
38  N. 


-  90 

-  8-4 
•4-  lO'I 

+  H'9 
+  X5"4 

-17-4 
4i8-8 
-194 

-20*l 
—  20'0 


19 

a8 

26 

9 

68 

48 

5*  »3 

12 

39 

5« 

30 

38 

40 

8 

3a 

57 

7 

44  50 

12  s. 

34  «. 

38. 
3a  N. 

iN« 

13  N. 
15  N. 

self. 
24  S. 
42  N. 


6a    4 
9  18 

47  33 
30  16 

14  32 


7N. 
59  N. 

2S. 

78. 
57  N. 


+  «9'9 
-195 

+  189 

-1 8-1 

+  17*6 

-1 8-8 

4-i5'» 
4  15-2 

—  12-3 

-II-6 


4iio*a 
+   8-4 

+   7-8 

-  2*8 

-  a-9 

-  06 

3'» 
9*2 


+ 
+ 


—  ii'i 

+ 127 


+  i5'i 
+  i6'3 
—  17*2 
— 19*0 

+  193 


Nofs.     In  this  Table  +  signifies  add,  aad  ~  niinet 


J^OTE.     In  this  Table 


\    4-  sicrniiios  that  t}ie  Ann.  Var.  is  Nortlierly. 
f    —  signifies  fliat  tlio  Ann.  Vnr.  is  Sonthorhj, 


f»r»o 

TABLE  64 

« 

LOGARITHMS  OF  NUMBERS 

No.  1  to  100                                           Lop.  OOOOOOO  to  2-000000 

No. 

W- 

No. 

I'Og. 

No. 

W- 

No. 

Lo?. 

No.         Log      1 

I 

o  ooooco 

21 

1*322219 

41 

1-612784 

61 

1*785330 

81 

1*9084X5 

2 

o  30J030 

22 

1-342423 

42 

1*623249 

6-2 

1-792392 

82 

1*913814 

3 

0477 12  I 

23 

1*361728 

43 

1*633468 

63 

1-7V934' 

83 

1*919078 

4 

0  6o2c6o 

24 

1*380211 

44 

1*643453 

64 

i'8c6iSo 

84 

1*924279 

5 

0  698970 

25 

1*397940 

45 

1*653213 

65 

1*812913 

85 

1-929419 

6 

0  778151 

26 

1-414973 

46 

1*662758 

66 

1*819544 

86 

''934498 

7 

0  845098 

27 

1-431364 

47 

1*672098 

67 

1-826075 

87 

1-939519 

8 

0  903090 

28 

1-447158 

48 

1*681241 

68 

1*832509 

88 

'•944483 

9 

0  954143 

29 

x'462398 

49 

1*690196 

69 

1*838849 

89 

1-949390 

10 

rcocooo 

30 

1-477121 

50 

1*698970 

70 
71 

1-845098 

90 

1 -954243 

11 

1-041393 

31 

1*491362 

51 

1-707570 

1*851258 

91 

1-959041 

12 

1*079181 

82 

1-505150 

52 

1*716003 

72 

1*85733* 

92 

1*963788 

13 

'•"3943 

33 

1-518514 

53 

1*724276 

73 

1*863323 

93 

1-968483 

14 

1*146128 

34 

i*53J479 

54 

1*732394 

74 

1-869232 

94 

1*973128 

16 

1*176091 

35 

1*544068 

65 

1*740363 

75 

1*875061 

95 

'•977724 

16 

1*104120 

36 

1*556303 

56 

1*748188 

76 

1-880814 

96 

1- 5)82271 

17 

1*230449 

37 

1*568202 

57 

1*755875 

77 

1*886491 

97 

1*986772 

18 

1*255273 

38 

1*579784 

58 

1*763428 

78 

1*892095 

98 

1*991226 

19 

1*278754 

S9 

1*591065 

59 

1*770852 

79 

1*897627 

99 

1-995635 

20 

1*301030 

40        1*602060    1 

60 

1*778151 

80 

1*903090 

100 

2*000000 

No.  1000  to  1 149                                                  Log.  0  to  060820 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

B 

9 

D. 

100 

ooocoo 

000434 

000868 

001301 

001734 

002166 

002598 

003029 

003461 

003891 

434 

101 

004321 

004751 

005181 

005609 

006038 

006466 

006894 

C07321 

C07748 

008174 

428 

102 

008600 

009026 

00945 X 

C09876 

010300 

010724 

01 I 147 

011570 

011993 

012415 

4*4 

103 

012837 

013259 

C13680 

014100 

014521 

014940 

015360 

015779 

016x97 

016616 

420 

104 

017033 

017451 

017868 

018284 

018700 

019116 

019532 

019947 

020361 

020775 

416 

105 

02II89 

021603 

022016 

022428 

022841 

023252 

023664 

024075 

024486 

024896 

412 

106 

025306 

025715 

026125 

026533 

026942 

027350 

027757 

028164 

028571 

028978 

408 

107 

029384 

029789 

030195 

030600 

031004 

03 1408 

031812 

032216 

032619 

033021 

4C4 

108 

033424 

033826 

034227 

034628 

035029 

035430 

035830 

036230 

036629 

037028 

40c 

109 
110 

037426 

037825 

038223 

038620 

039017 

039414 

039811 

Q40207 

040602 

040998 

397 

041393 

041787 

042182 

042576 

042969 

043362 

0437S5 

044x48 

044540 

044932 

393 

111 

045323 

0457  H 

046105 

046495 

046885 

047275 

047664 

048053 

04S442 

048830 

389 

112 

049218 

049606 

049993 

050380 

050766 

051153 

051538 

05 1924 

052309 

052694 

386 

113 

053078 

053463 

053846 

054230 

054613 

054996 

055378 

055760 

056142 

056524 

383 

114 

056905 

057286 

057666 

05S046 

058426 

058805 

059185 

059563 

059942 

060320 

379 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

D. 

128456789 

n.      123456789 

378 

38     76    113  151  189  1917  165  302  340 

408    41     82     1 

22  163  204  245  286  326  367 

380 

38     76    114  152  190  228  266  304  342 

410    41     82     I 

23  164  205  246  287  328  369 

382 

38     76    115  153  191  229  267  306  344 

412    41     82     1 

24  165  206  247  288  330  371 

384 

38    77    115  154  192  230  269  307  346 

414    41     83     1 

24  166  207  248  290  331  373 

386 

39     77    116  154  193  232  270  309  347 

416    42     83     I 

25  166  208  250  291  333  374 

388 

39     78     "6  155  194  233  272  310  349 

418    4a     84    I 

25  167  209  251  293  334  376 

390 

39     78    117  156  >95  234  *73  3'»  35' 

420    42     84    I 

26  168  210  252  294  336  378 

392 

39     78    118  157  196  235  274  314  353 

422    42     84    I 

27  169  211  253  295  338  380 

394 

39     79    118  158  197  236  276  315  355 

424    42     85     ] 

27  170  212  254  297  339  382 

390 

40     79    119  158  198  238  277  317  356 

426    43     85     I 

28  170  213  256  298  341  383 

398 

40     80    119  159  199  239  279  318  358 

4*28    43     86    X 

28  171  214  257  300  342  385 

4U0 

4.0     80    120  160  200  240  280  320  360 

430    43     86    1 

29  172  215  258  301  344  38: 

402 

40     80    121   161  201  241  281  322  362 

432    43     86     I 

30  173  216  259  302  346  3S9 

404 

4.0     81     121   162  202  242  283  323  364 

434    43     87    I 

30  174  217  260  304  347  391 

406 

4.1     81    122  162  203  244  284  325  365 

FABLE  64 
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LOGARITHMS  OF  NUMBERS 


No.  1 150  to  1499 


Log.  060698  to  175802 


No. 


115 
116 

117 
118 
119 


ISO 
121 
122 
123 
124 

125 

126 

127 
12ft 
12!I 


i:u 

132 
133 
134 

i:i5 

136 

137 
138 
139 


I 


I 


060698 
064458 
068186 
071882 

07^54-7 


079181 
081785 
086360 
089905 
09342Z 

C969 10 

100371 
103804 
107*10 
I 10590 


140 
141 
142 
143 
144 

145 

146 

147 
146 

149 


««3943 
117271 

Z20574 

123852 

127105 

130334 

133539 
136721 

139879 
I430'5 


146128 
1492 I 9 
1 52288 
155336 
158362 

161368 

"64353 

167317 
170262 
173186 


061075 
064832 

068557 
072250 
075912 


079543 
083144 
086716 
090258 

093772 

097257 
00715 
04146 

07549 
10926 


14277 
17603 
20903 
24178 
27429 

30655 
33858 
37037 
40194 
43327 


46438 

495*7 

5*594 
55640 

58664 

61667 
64650 
67613 

7055s 
7H78 


No. 


1 


2 


061452 
065206 
068927 
072617 
076276 


079904 
083503 
087071 
0906 I I 
094122 

097604 
01059 
04487 
07888 
11263 


146 II 

"7934 
21231 

24504 

17753 

30977 
34177 
37354 
40508 
43639 


4674* 

«49835 
52900 

55943 
58965 

61967 

64947 
67908 
70848 

73769 


2 


061829 
065580 
069298 
072985 
076640 


080266 
083861 
087426 
090963 
094471 

097951 
101403 
X04828 
108227 

"'599 


114944 
118265 
X21560 
X24830 
128076 

I 3 1298 

134496 
137671 
140822 

H395I 


147058 
150142 
153205 
156246 
159266 

162266 
165244 
168203 
171141 
174060 


062206 
065953 
069668 

07335* 
077004 


080626 
084219 
087781 
691315 
094820 

098298 
01747 
05169 
08565 
11934 


15278 
18595 
21888 
25156 
28399 

3x619 
34814 

37987 
41136 
44263 


47367 
50449 

53510 

56549 
59567 
62564 
65541 
68497 

71434 
7435" 


06258ft 
066326 
070038 
073718 
077368 


080987 
084576 
088136 
091667 
095169 

098644 
10209 X 
105510 
108903 
112270 


115611 
II 8926 
122216 
125481 
128722 

'3»939 

>35»33 
138303 

141450 

144s 74 


147676 
150756 

>538»5 
156852 

159868 

162863 
165838 
168792 
171726 
174641 


6 


062958 
066699 
070407 
074085 
077731 


081347 
084934 
088490 
092018 
095518 

098990 
02434 
05851 
09241 
12605 


»5943 
19256 

22544 

25806 

29045 

3226c 

3S45I 
38618 

41763 
4488s 


479^5 
51063 

54120 

57154 
60x68 

63161 
66134 
69086 
72019 
74932 


6 


063333 
067071 
070776 

074451 
078094 


081707 
085291 
088845 
092370 
095866 

099335 
02777 
06191 

09579 
12940 


16276 
19586 
22871 
26131 
29368 

32580 

35769 

38934 
42076 

45196 


48294 
51370 
54424 

57457 
60469 

63460 
66430 
69380 
723x1 
75222 


8 


063709 
067443 
071145 
074816 
078457 


082067 
085647 
089198 
092721 
096215 

09968  i 
03119 
06531 
09916 

13275 


16608 
19915 
23198 
26456 
29690 

32900 
36086 

39*49 
42389 

45507 


48603 
51676 
54728 

57759 
60769 

63758 
66726 

69674 
72603 

7551* 


8 


g 


064083 
067815 
071514 
075182 
078819 


082426 
086004 
089552 
093071 
096562 

100026 
103462 
106871 
110253 
113609 


116940 
120245 
123525 
126781 
130012 

133219 

136403 

139564 
142702 

145818 


148911 
151982 

15503* 
158061 

x6io68 

164055 
167022 
169968 
172895 
175802 


9 


D.  1 

290  29 

292  29 

294  29 

296  30 

298  30 

300  30 

302  30 

304  30 

306  31 

308  31 

310  31 

SIS  31 

314  31 

316  32 

318  32 

320  3s 

323  32 

384  32 

326  33 

328  33 

330  33 

332  33 


2 

3 

4   6 

58 

87 

116  145 

58 

88 

117  146 

59 

88 

1x8  147 

|9 

89 

118  148 

60 

89 

119  149 

60 

90 

X20  150 

60 

91 

121  151 

61 

91 

122  152 

61 

92 

122  153 

62 

9* 

1*3  »54 

62 

93 

1*4  155 

62 

94 

125  156 

63 

94 

126  157 

^ 

95 

126  158 

64 

95 

1*7  159 

64 

96 

X28  160 

64 

97 

129  161 

65 

97 

130  162 

65 

98 

130  163 

66 

98 

131  164 

66 

99 

132  165 

66 

xoo 

133  166 

6   7   6   9 

174  203  232  261 

175  204  234  263 
X76  206  235  265 

178  207  237  266 

179  209  238  268 

180  2X0  240  270 

i8x  211  242  272 
182  213  243  274 

184  2x4  245  275 

185  2x6  246  277 

186  2x7  248  279 

187  2x8  250  281 

188  220  251  283 
X90  22 X  253  284 
191  223  254  286 
X92  224  256  288 

193  225  258  290 

194  227  259  292 

196  228  261  293 

197  230  262  295 

198  231  264  297 

199  232  266  299 


D, 
834 
336 
338 
340 
342 
344 
346 
348 
860 
352 
354 
356 
358 
360 
362 
364 
366 
368 
870 
372 
874 
376 


I  2 

33  67 

34  67 
34  68 
34  68 
34  68 

34  69 

35  69 
35  70 
35  70 
35  70 

35  71 

36  71 
36  72 

36  72 

36  7* 

36  73 

37  73 
37  74 
37  74 
37  74 

37  75 

38  75 


3   4 

xoo  134 
lox  134 
loi  135 

102  136 

103  137 
103  138 
X04  138 

104  139 

X05  X40 
xo6  141 

106  X42 
X07  142 

107  143 
X08  144 
X09  X45 

109  X46 

110  146 
1x0  147 
XXI  148 

XX2  149 
1X2  150 

113  150 


5   6 

167  200 
x68  202 

169  203 

170  204 
17X  205 
X72  206 
X73  208 
X74  209 

175  *io 
X76  21X 

177  2x2 

178  2x4 

179  *15 

180  2x6 

i8x  217 

182  2x8 

183  220 

184  221 

185  222 

186  223 

187  224 

188  226 


7 
234 

235 

*37 
238 

239 

24X 

242 

*44 

*45 
246 

248 

H9 
251 

252 

*53 

»55 

256 

258 
259 
260 
262 
263 


D 


7f 

66 
61 


6c 
57 
55 
52 
49 
46 

43 
4> 

3R 
3S 


33 

3<- 
z8 

*5 
*3 
21 
18 
16 

14 
11 


09 
07 
05 

03 
ox 

299 

297 
295 
293 
291 


D. 


8 

9 

267 

301 

269 

302 

270 

304 

272 

306 

274 

308 

*75 

3x0 

277 

3x1 

278 

313 

280 

315 

282 

317 

283 

319 

285 

320 

286 

322 

288 

3*4 

290 

326 

291 

328 

293 

329 

294  33X 

296 

333 

298 

335 

299  337 

301 

338 

«(» 


TABLE  64 


LOGARITHMS  OP  NUMBERS 


No.  1500  to  1899 


Log.  176091  to  278525 


\o. 


150 
151 
152 
153 
154 

155 
156 
157 
158 
159 

160 
161 
162 
163 
164 

165 
166 
167 
168 
169 


0 


170091 

178977 
181S44 
184691 
187521 

190332 
193125 
195900 
198657 
201397 


170 
171 
172 
173 
174 

175 
176 
177 
178 
179 

180 
181 
182 
183 
184 

185 
186 
187 
188 
1R9 


204120 
206826 
209515 
212188 
214844 

217484 
220108 
222716 
225309 
227887 


230449 
232996 
235528 
238046 
240549 

243038 

M55'3 
247973 

2  S0420 

252853 


I 


176381 
179264 
182129 
184975 
187803 

190611 
193403 
196176 
198932 
201670 


204391 
207096 
209783 
212454 
215109 

2x7747 
220370 
222976 
225568 
228144 


No 


^55^73 
257679 

260071 

26245] 

264818 

267172 
269513 
271842 
274158 
276462 


230704 
233250 

^35781 
238297 

240799 

243286 

a45759 
248219 

250664 

253C96 


2 


176670 
179552 
182415 
185259 
188084 

190892 
193681 
196453 
199206 
201943 


204663 
207365 
210051 
212720 
215373 

2x8010 
22063 X 
223236 
225826 
228400 


X76959 

179839 
182700 

185542 

188366 

19117X 

»93959 
196729 

199481 

202216 


i555H 
257918 

260310 
262688 
265054 

267406 
269746 
272074 
274389 
276692 


230960 
233504 
236033 
238548 
24x048 

M3534 
246006 

248464 

250908 

253338 


*55755 
258158 

260548 

262925 

265290 

267641 
269980 
272306 
274620 
276921 


204934 
207634 
210319 
212986 
2x5638 

218273 
220892 
223496 
226084 
228657 


X77248 
180126 
1829S5 
185825 
188647 

191451 

194137 
197005 

^99755 
202488 


2312x5 

^33757 
236285 
238799 
241297 

243782 
246252 
248709 
151151 
253580 


2 


255996 
258398 
260787 
263x62 
265525 

267875 
2702x3 
272538 
274850 

277151 


205204 
207904 
210586 
213252 
215902 

218536 
221153 
223755 
226342 
22S913 


231470 
2340 II 
236537 
239049 
241546 

244030 
246499 
248954 
25x395 
253822 


X77536 
X804X3 
183270 
186108 
188928 

191730 
1945 14 
197281 
200029 
20276X 


6 


205475 
208173 
210K53 
213518 
216166 

218798 
221414 

224015 
226600 
229170 


256237 
258637 
261025 
263399 
265761 

268 I 10 

170446 
272770 
275081 
277380 


231724 
234264 
236789 
239299 
241795 

244277 

146745 
249x98 

251638 

254064 


177825 
180699 

'83555 
186391 

X 89209 

X92010 
194792 
X97556 
200303 
203033 


205746 
20844X 
2x1121 
213783 
216430 

2x9060 
221675 
224274 
226858 
229426 


178113 
180986 
183839 
186674 
189490 

192189 
195069 
197832 
100577 
203305 


8 


231979 

^345*7 
237041 

239550 

242044 

244525 
24699 1 

149443 
25x881 

254306 


106016 
1087x0 
111388 
2 14049 
216694 

2x9313 
221936 
224533 
227x15 
129682 


256477 

258877 
161163 

163636 

165996 

268344 
270679 
273001 
2753XX 
277609 


256718 
259XX6 
26x501 
263873 
266231 

168578 
1709x1 

173133 
175541 
177838 


I   « 


131134 
234770 
237292 
239800 
142193 

144771 
147137 
149687 
151115 
154548 


17S401 
181171 
184113 
186956 

189771 

191567 
195346 
198 107 
100850 

103577 


106186 
108979 
111654 
2x43x4 

216957 

2x9585 
221x96 
224792 
217371 
129938 


9 


178689 
181558 
184407 
187139 
19005 I 

191846 
195613 
198381 
101 114 
103848 


132488 
235013 

137544 
240050 

14254X 

245019 

147481 
149931 

151368 

154790 


106556 
109147 
1x1911 

"4579 
1x7111 

119846 
111456 
115051 
117630 
130193 


D. 


1S9 
187 
185 

1S3 
181 

a79 
178 
176 
174 
171 


156958 

159355 
161739 

164x09 

166467 

1688x1 
17x144 
173464 
175771 
178067 


157x98 

159594 
26x976 

264346 

166701 

169046 
17x377 
173696 
176001 
178196 


131741 
135176 
237795 
240300 
141790 

145166 
247718 
150x76 
151610 
155031 


171 
169 
167 
i66 
264 

a6i 
16  x 
159 
158 
156 


8 


157439 

159833 
161114 

164581 

166937 

169179 
171609 
1739*7 
176131 
178515 


»55 
153 

151 

150 

M9 

148 
146 

«45 
143 


9 


141 
139 
138 
137 
135 

»34 

133 
131 
130 
119 


D. 


I>.  1 

228  23 

230  23 

232  13 

234  13 

236  14 

238  14 

240  14 

242  14 

244  14 

246  15 

248  15 

250  25 

252  15 

254  15 

256  26 

258  16 


2 

8 

4   6 

46 

68 

9X  114 

46 

69 

91  115 

46 

70 

93  116 

47 

70 

94  >'7 

47 

71 

94  118 

48 

71 

95  "9 

48 

71 

96  110 

48 

73 

97  111 

49 

73 

98  111 

49 

74 

98  113 

50 

74 

99  "4 

50 

75 

xoo  X25 

50 

76 

lox  126 

5» 

76 

X02  127 

5» 

77 

X02  128 

51 

77 

X03  XI9 

«  7 

137  160 

138  161 

139  161 

140  164 

141  165 

143  167 

144  x68 

145  169 

146  171 
148  172 
X49  174 
X50  175 

151  176 

152  178 

«54  179 

155  i8x 


8   9 

D. 

1 

2 

3 

4   6 

6 

x8i  105 

260 

16 

51 

78 

X04  130 

X56 

184  107 

262 

16 

5* 

79 

105  13X 

157 

186  109 

264 

16 

53 

79 

106  131 

158 

187  111 

266 

17 

53 

80 

X06  133 

160 

189  1X1 

268 

17 

54 

80 

X07  134 

161 

190  1x4 

270 

»7 

54 

8x 

X08  135 

161 

191  116 

272 

17 

54 

81 

X09  136 

163 

X94  1x8 

274 

17 

55 

81 

110  137 

164 

195  110 

276 

18 

li 

83 

no  138 

166 

197  IIX 

278 

18 

83 

III  139 

167 

198  113 

280 

18 

56 

84 

III  140 

168 

100  115 

282 

18 

56 

85 

113  141 

169 

202  117 

284 

18 

57 

h 

XX4  X41 

170 

203  119 

286 

19 

57 

86 

"4  143 

171 

205  130 

288 

19 

58 

86 

"5  >44 

173 

106  131 

290 

19 

58 

87 

116  145 

»74 

7   8   9 

181  108  134 
183  110  136 

185  111  138 

186  113  139 

188  114  141 

189  116  143 

190  118  145 

191  119  147 
193  111  148 

195  111  150 

196  214  151 

197  116  154 
199  117  156 

100  119  157 

101  130  159 
103  131  161 


TABLE  64 


663 


LOGARITHMS  OP  NUMBERS 

No.  i900  to  2349                 Log.  278754  to  870883 

No. 

0      1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

190 
191 
192 
193 
194 

195 
196 
197 
198 
199 

278754 
281033 
283301 

»85557 
287802 

29C035 
292256 
294466 
296665 
298853 

278982 
28iz6j 
283527 
285782 
288026 

290257 
292478 
294687 
296884 
29907 1 

2792 II 
281488 
283753 
286007 
288249 

290480 
292699 
294907 
297104 
299289 

279439 
281715 
283979 
286232 

288473 
290702 
292920 
295127 
297323 
299507 

279667 
281942 
284205 
286456 
288696 

290925 
293 141 

*95347 
297542 

299725 

279895 
282169 
284431 
286681 
288920 

29x147 
293363 
295567 
297761 
299943 

280123 
282396 
284656 
286905 
289143 

291369 
293584 
295787 
297979 
300x61 

280351 
282622 
284882 
287130 
289366 

291591 
293804 
296007 
298x98 
300378 

280578 
282849 
285107 
287354 
289589 

291813 
294025 
296226 
298416 

300595 

280806 
283075 
285332 
287578 
289812 

292034 
294246 
296446 
298635 
300813 

22J> 
227 
226 
225 
223 

222 
221 
220 
219 
218 

217 
216 

*i5 
213 

212 

211 
210 
209 
208 

207 

Z06 
205 
204 
203 
202 

202 
201 
200 
199 
198 

200 
201 
202 
203 
204 

205 
206 
207 
208 
209 

301030 
303196 

305351 
307496 

309630 

3"754 
313867 

315970 

3x8063 

320x46 

301247 
^03412 
305566 
307710 
309843 

3 1 1966 
314078 
3x6180 
318272 

310354 

301464 
303628 
305781 
307924 
310056 

312x77 
3x4289 

316390 
318481 
320562 

301681 

303844 
305996 

308137 
3  X0268 

312389 

314499 
3x6599 

3x8689 

320769 

301898 

304059 
3062 IX 

308351 

3 1048 1 

312600 
314710 
3x6809 
318898 

320977 

302x14 
304275 
306425 
308564 
310693 

312812 
314920 
3x7018 
319106 
321184 

302331 
304491 
306639 
308778 
3 10906 

313023 

315130 
317227 

319314 
321391 

30*547 
304706 

306854 

30899] 

311x18 

313*34 
315340 
317436 
319522 
321598 

302764 
304921 
307068 
309204 
311330 

313445 

315551 
317646 

319730 

321805 

302980 
305136 
307282 
309417 
3x1542 

313656 
315760 

317854 
319938 
322012 

210 
211 
212 
213 
214 

215 

216 
217 
218 
219 

322219 
324282 
326336 
328380 

330414 

33*438 

334454 
336460 

338456 
340444 

322426 

324488 

3*6541 

3*8583 
330617 

332640 

334655 
336660 

338656 

340642 

322633 
324694 
326745 
328787 
330819 

332842 
334856 
336860 

338855 
340841 

322839 
324899 
326950 
328991 
331022 

333044 

335057 
337060 

339054 
341039 

323046 
325x05 

3*7155 
329194 

331225 

333*46 

335*57 
337260 

339*53 
341237 

32325Z 
325310 

3*7359 
329398 

331427 

333447 
335458 
337459 
339451 
34143s 

323458 
325516 
327563 
329601 

331630 

333649 
335658 

337659 
339650 

341632 

323665 
325721 
327767 
3*9805 
33183* 
333850 

335859 
337858 

339849 

341830 

3*3871 
325926 

327972 

33C008 

332034 

334051 

336059 
338058 

340047 

342028 

3*4077 
326131 

328176 

3302x1 

332236 

334*53 
336260 

338*57 
340246 

342225 

220 
221 
222 
223 
224 

225 

226 
227 
228 
229 

342423 
344392 

346353 
348305 

350248 

352183 
354108 
356026 

357935 
359835 

342620 
344589 
346549 
348500 
350442 

35*375 
354301 
3562x7 

358125 
360025 

342817 
344785 
346744 
348694 
350636 

352568 

354493 
356408 
358316 
3602x5 

343014 
344981 

346939 

348889 

350829 

352761 
354685 
356599 
358506 
360404 

343212 

345178 

347135 
349083 

351023 

35*954 
354876 

356790 
358696 

360593 

343409 

345374 
347330 
349278 
35x2x6 

353147 
355068 

356981 

358886 

360783 

343606 

345570 

3475*5 
349472 

351410 

353339 
355260 

357172 

359076 

360972 

343802 
345766 
347720 
349666 

351603 

35353* 

35545* 

357363 
359266 

36x161 

343999 
345962 

347915 
349860 

351796 

3537*4 
355643 
357554 
359456 
361350 

344196 
346157 
3481 10 
350054 
351989 

353916 

355834 

357744 
359646 

361539 

196 

195 
194 

193 

193 
192 

191 

190 

189 

188 
188 

187 
186 
185 

D. 

230 
231 
232 
233 
234 

361728 
3636x2 
365488 
367356 
3692x6 

361917 
363800 

365675 

367542 

369401 

362105 
363988 
365862 
367729 
369587 

362294 
364176 
366049 

3679>5 
369772 

362482 
364363 
366236 
368101 
369958 

362671 

364551 
366423 

368287 

370x43 

362859 

364739 
366610 

368473 
370328 

363048 
364926 
366796 
368659 

370513 

363236 
365113 
366983 
368845 
370698 

363424 
365301 
367169 
369030 
370883 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D.   123456789 
184  i8  37  55  74   92  no  129  147  166 
186  19  37  56  74   93  112  130  149  167 
188  19  38  56  75   94  113  132  150  169 
190  19  38  57  76   95  114  133  152  171 
192  19  38  58  77   96  115  134  154  173 
194  19  39  58  78   97  116  136  155  175 
196  20  39  59  78   98  118  137  157  176 
198  20  40  59  79   99  119  139  158  178 
200  20  40  60  80  100  120  140  160  180 
202  20  40  61  81  loi  121  X41  162  182 
204  20  41  6x  82  102  122  143  163  184 
206  21  41  62  82  103  124  144  165  185 

D.   123456789 

208  21  42  62  83  104  125  146  166  187 
210  21  42  63  84  105  126  147  x68  189 
212  21  42  64  85  106  127  148  170  191 
214  21  43  64  86  107  128  X50  X71  193 
216  22  43  65  86  108  130  151  173  194 
218  22  44  65  87  109  131  153  174  196 
220  22  44  66  88  ixo  132  154  176  198 
222  22  44  67  89  III  133  155  178  200 
224  22  45  67  90  112  134  157  179  202 
226  23  45  68  90  X13  136  158  x8i  203 
228  23  46  68  91  3:4  137  i6c  182  205 

M4 


TABI.E  64 


LOGARITHMS  OF  NUMBERS 

No.  2350  to  2849    .             Log.  371068  to  454692 

No. 

235 
236 
237 
238 

l>39 

240 
241 
242 
243 
244 

245 
246 
247 
248 
249 

250 
251 
252 
253 
254 

255 

256 
257 
258 
259 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

371068 
372912 

374748 
376577 

378398 

371253 
373096 

37493* 
376759 

378580 

371437 
373280 

375"5 
376942 

378761 

371622 

373464 
375*98 
377 1*4 
378943 

371806 
373647 

375481 
377306 
379124 

371991 
373831 
375664 
377488 
379306 

372175 

374015 
375846 

377670 

379487 

372360 

374198 
376029 

37785* 
379668 

37*544 
374-382 
376212 
378034 

379849 

37*7*8 

374565 

376394 
378216 

380030 

184 
184 

'83 
182 

181 

3802 I I 
382017 
383815 
385606 
387390 

389166 

390935 
392697 

39445* 
396199 

380392 

381197 
383995 
385785 
387568 

389343 
391112 

392873 

394627 

396374 

380573 
382377 

384174 

385964 

3877+6 

389520 
391288 

393048 
394802 
396548 

380754 

38*557 

384353 
386142 

3879*3 
389698 
391464 

393**4 
394977 
396722 

380934 

382737 

384533 
386321 

388101 

389875 
391641 
393400 

395'5* 
396896 

381115 
382917 

384712 

386499 

S88279 

390051 
3918x7 

393575 
3953*6 
397071 

381296 
383097 
384891 
386677 
388456 

390228 
391993 

39375' 
395501 

397245 

381476 

383277 
385070 
386856 
388634 

390405 
392169 

3939*6 
395676 

3974'9 

381656 

383456 
385249 

387034 

388811 

390582 

39*34$ 
394101 

395850 

39759* 

381837 
383636 
385428 

387*1* 
388989 

390759 
392521 
394277 
396025 
397766 

181 
180 

'79 
178 

178 

'77 
176 

176 

'75 
174 

397940 
399674 

40140 I 

403121 

404834 

406540 
408240 

409933 
411 620 

413300 

398114 

399847 
401573 

403292 

405005 

406710 
408410 
4 10 102 
411788 
413467 

398287 
400020 
401745 

403464 
405176 

406S81 
408579 
410271 

411956 
413635 

398461 
400192 
401917 
403635 
405346 

407051 
408749 
410440 
412124 
413803 

398634 
400365 
402089 
403807 

4055'7 
407221 
408918 
410609 
412293 
4' 3970 

398808 
400538 
402261 
403978 
405688 

407391 
409087 
410777 
41Z461 

4'4'37 

398981 
400711 

4»»433 
404*49 
405858 
407561 
409257 
410946 
412629 
4»43o^ 

399 '54 
400883 

402605 

404320 

406029 

40773' 
409426 

411114 

412796 

41447* 

399328 
401056 
402777 
404492 
406199 

407901 

409595 
411283 

412964 

414639 

399501 
401228 
402949 
404663 
406370 

408070 
409764 
41 1451 

41313* 
414806 

173 

'73 
17a 

171 

171 

170 

169 

169 

168 

167 

260 
261 
262 
263 
264 

265 
266 
267 
268 
269 

414973 
416641 

418301 

419956 

421604 

423246 
424882 
4265 I I 

4*8135 
429752 

415140 
416807 
418467 
420 12 I 
421768 

423410 
425045 
426674 
428297 
429914 

415307 
416973 
418633 
420286 
421933 

4*3574 
425208 

426836 

4*8459 
430075 

4>5474 

4«7i39 
418798 

420451 

422097 

4*3737 

4*537' 

4*6999 
428621 

430236 

415641 
417306 
418964 
420616 
422261 

423901 

4*5534 
427161 

428783 

430398 

415808 

4 '747* 
419129 

420781 
422426 

424065 
425697 
427324 
428944 

430559 

4' 5974 
417638 

4'9*95 
420945 

4**590 
424228 
425860 
427486 
429106 
430720 

416141 
417804 
419460 
421110 

4**754 

4*439* 
426023 

427648 

429268 

430881 

416308 
417970 
419625 
421275 
422918 

4H555 
426186 

427811 

4*94*9 
431042 

416474 
418135 
419791 
421439 
423082 

424718 
426349 

427973 
429591 

431203 

167 
166 
165 

164 

164 
163 
162 
162 
161 

161 
j6o 

'59 

'59 
158 

158 

'57 

156 
'55 

270 
271 
272 
273 
274 

275 
276 
277 
278 
279 

280 
281 
282 
283 
284 

431364 
432969 

434569 
436163 

43775' 

439333 
440909 

442480 

444045 
445604 

4315*5 
433130 

4347*9 
436322 

437909 

43949' 
441066 

44*637 

444*01 

445760 

431685 
433290 
434888 
436481 
438067 

439648 
441224 
442793 

444357 
4459 '5 

431846 

433450 

435048 
436640 

438226 

439806 

441381 

44*950 

4445'3 
446071 

43*007 
433610 

435*07 
436799 

438384 

439964 
441538 
443106 
444669 
446226 

432167 
433770 
435367 
436957 
43854* 
440122 
441695 
443263 
444825 
446382 

43*3*8 
433930 
4355*6 
437116 

438701 

440279 
441852 

4434'9 
444981 

446537 

43*488 
434090 
435685 
437275 
438859 

440437 
442009 

443576 

445'37 
446692 

432649 
434H9 
435844 
437433 
439017 
440594 
442166 

443732 
445293 

446848 

432809 

434409 
436004 

43759* 
439'75 
440752 

44*3*3 
443889 

445449 
447003 

447158 
448706 

450249 

451786 

453318 

4473  n 
448861 

450403 

451940 

453471 

447468 
449015 

450557 
452093 

453624 

447623 
449170 
450711 

45**47 
453777 

447778 

4493*4 
450865 

452400 
453930 

447933 
449478 
451018 

45*553 
454082 

448088 

449633 
451172 

452706 
454*35 

448242 
449787 
451326 

45*859 
454387 

448397 
449941 

45 '479 
453012 

454540 

448552 
450095 

45'633 
453165 
454692 

•55 

'54 
'54 
•53 
'53 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

»   1 

D. 

D.   123456789 
152  1)  30  46  61  76   91  106  122  137 
154  15  31  46  62  77   92  108  123  139 
156  16  31  47  62  78   94  109  125  140 
158  16  32  47  63  79   9S  m  1*6  142 
160  16  32  48  64  80   96  ri2  128  144 
162  16  32  49  65  81   97  113  130  146 
164  16  33  49  66  82   98  115  131  148 
166  17  33  50  66  83  ICO  116  133  149 
168  17  34  50  67  84  101  118  134  151 

D.   128456789 
170  17  34  51  68  85  102  119  136  153 
172  17  34  52  69  86  103  120  138  155 
174  17  35  52  70  87  104  122  139  157 
176  18  35  53  70  88  106  123  141  T58 
178  18  36  53  71  89  107  125  142  160 
180  18  36  54  72  90  108  126  144  162 
182  18  36  55  73  91  109  127  146  164 
184  18  37  55  74  92  no  129  147  166 

TABLE  64 


(m 


LOGARITHMS  OF  NUMBERS 

No.  2.  50  to  3349                 Log.  454845  to  524915 

No. 

285 
286 
287 
288 
289 

290 
291 
292 
293 
294 

295 
296 
297 
298 
299 

0 

1 

2     3 

4 

5 

6 

7 

8 

9 

D. 

152 
152 

15' 
i5» 

1 

454845 
456366 

457882 

459392 

460898 

454997 
456518 
45?033 

459543 
461C48 

455150 
456670 

458184 

459694 
461198 

455302 
45682X 

458336 

459845 
461348 

455454 
456973 

458487 

459995 
461499 

455606 

4571*5 
458638 

460146 

461649 

455758 
457276 

458789 
460296 
461799 

4559x0 
457428 

458940 

460447 
4619^8 

456062 

457579 
459091 

460597 

462C08 

4562x4 

457731 
459242 

460748 

46?''.d8 

462398 
463893 

465383 
466868 

468347 

469822 
471292 
472756 
474216 

475671 

462548 
464042 
465532 
467016 
468495 

469969 
471438 
472903 
474362 
475816 

462697 
464191 
465680 
467164 
468643 

470116 

471585 
473049 

474508 

47596* 

462847 

464340 
465829 
467312 
468790 

470263 

47173* 

473J95 

474653 
476107 

462997 

464490 

465977 
467460 

468938 

470410 

471878 

47334» 

474799 
476252 

463146 
464639 
466126 
467608 
469085 

470557 
47*025 

473487 
474944 
476397 

463296 
464788 
466274 
467756 
469233 

470704 
472171 

473633 
475090 
476542 

463445 
464936 

466423 

467904 

469380 

4708 5 X 
4723x8 

473779 

475*35 
476687 

463594 
465085 

466571 

468052 

469527 

470998 

47*464 

4739*5 
475381 
.476832 

463744 
465234 

466719 

468200 

469675 

471145 
472610 

474071 
4755*6 
476976 

150 

149 

149 
148 

148 

147 
146 

146 

146 

145 

SOO 
301 
302 
303 
304 

305 

306 
307 
308 
309 

477"! 
478566 

480007 

481443 
482874 

484300 
485721 

487138 
488551 

489958 

477266 
47871 X 
480151 
481586 
483016 

484442 
485863 
487280 
488692 
490099 

477411 
478855 

480294 

481729 

483159 

484585 
486005 

487421 

48S833 

490239 

477555 
478999 

480438 

481872 

483302 

484727 
486147 
487563 

488974 
490380 

477700 

479143 
480582 

482016 

483445 

484869 
486289 

487704 
489114 

490520 

477844 
479287 
480725 
482x59 
483587 

485011 
486430 

487845 
489255 

490661 

477989 

479431 
480869 

482302 
483730 

485153 
486572 

487986 

489396 

490801 

478133 

479575 
481012 

482445 
483872 

485*95 
486714 
488127 

489537 
490941 

478278 

479719 
481x56 

482588 

4840x5 

485437 
486855 
488269 

489677 
49X08X 

4784** 
479863 

481299 

482731 

484157 

485';79 
486997 

4884 1  c 

489818 

491222 

145 
1  4 
144 
143 
143 
142 
142 
141 
141 
14c 

140 

139 
139 

139 

138 

138 

137 

137 
136 

136 

310 
311 
312 
313 
314 

315 
316 
317 
318 
319 

491362 
492760 

494155 
495544 
496930 

498311 

499687 
501059 
502427 
503791 

491502 
492900 
494294 

495683 
497c68 

498448 
499824 
501196 
502564 

503917 

491642 
493040 

494433 
495822 

497206 

498586 
499962 

501333 
502700 

504063 

491782 
493179 

4945/* 
495960 

497344 
498724 
500099 
501470 
502837 

504199 

491922 

493319 
494711 
496099 

497483 
498862 
500236 
501607 

50*973 
504335 

492062 
493458 
494850 
496238 
497621 

498999 
500374 

501744 
503109 

504471 

492201 

493597 
494989 
496376 

497759 
499137 
5C051X 
501880 
503246 
504607 

49*341 
493737 
4951*8 
496515 
497897 

499*75 
500648 

502017 

503382 

504743 

492481 
493876 

495*67 

496653 
498035 

499412 
500785 
502154 
503518 
504878 

49262 1 
494015 
495406 
496791 
498173 

499550 
500922 
502291 
503655 
505014 

320 
321 
322 
323 
324 

325 
326 
327 
328 
329 

505150 
506505 
507856 
509203 

510545 

511883 

5x3218 

514548 

515874 
517196 

505286 
506640 
507991 

509337 
510679 

512017 

513351 
514681 

516006 

517328 

5054*1 
506776 

508126 

509471 

510813 

51*151 
513484 
514813 
516139 
517460 

505557 

5069 IX 

508260 
509606 

510947 
512284 
513617 
514946 
516271 

51759* 

505693 
507046 

508395 

509740 
511081 

5x2418 

513750 

515079 
516403 

5177*4 

505828 
507181 
508530 
509874 

511*15 
512551 
513883 
515*11 
516535 
517855 

505964 
507316 

508664 

510009 

511349 
512684 
514016 

515344 
516668 

5x7987 

506099 

507451 

508799 

510143 
511482 

512818 

514149 
515476 
516800 
518119 

506234 
507586 

508934 

510277 

511616 

512951 
514282 
515609 
516932 
518251 

506370 
507721 
509068 
5104x1 

511750 

513084 

514415 
515741 
517064 
518382 

136 

135 

135 
134 
134 

133 

133 

133 
132 

132 

330 
331 
332 
333 
334 

No. 

518514 
519S28 
521138 
522444 
523746 

519959 
521269 

5**575 
523876 

518777 
520090 

521400 

522705 

5240c 6 

518909 

520221 

5*1530 

5**835 
524136 

519040 
520353 
521661 
522966 
524266 

519171 
520484 

521792 

523096 

524396 

519^03 
520615 
521922 
523226 
524526 

519434 
520745 

522053 

523356 

5246  <;6 

519566 
520876 
522183 
5*3486 

«;24785 

519  7 
52x007 

522314 

523616 

5*4915 

131 

131 

131 
130 

130 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

D.   123456789 

130  13  26  39  52  65  78  91  X04  117 
132  13  26  40  53  66  79  92  106  119 
134  13  27  40  54  67  80  94  107  X2X 
136  14  27  41  54  68  82  95  109  122 
138  14  28  41  55  69  83  97  ixo  124 
140  14  28  42  50  70  84  98  1x2  126 

D.   123456789 

142  14  28  43  57  71  85   99  114  128 
144  14  29  43  58  72  86  101  115  130 
146  15  29  44  58  73  88  X02  1x7  131 
148  15  30  44  59  74  89  104  118  133 
150  15  30  45  60  75  90  105  120  X35 
152  15  30  46  61  76  91  X06  122  137 

TABLE  64 


LOGARITHMS  OF  NUMBERS 

No.  3850  to  3899                  Log.  525045  to  590953 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

335 
336 
337 
338 
339 

340 
341 
342 
343 
344 

345 
346 
347 
348 
349 

5*5045 
526339 

527630 

528917 

530200 

5*5174 
526469 

5*7759 

5*9045 
530328 

525304 
526598 
527888 
529174 
530456 

5*5434 
526727 

528016 

529302 

530584 

5*5563 
5*6856 

528145 

529430 

530712 

5*5693 

5*6985 

5*8*74 

5*9559 
530840 

525822 

5*7114 
528402 

529687 

530968 

5*5951 

5*7*43 

5*8531 
529815 

531096 

526081 

5*737* 
528660 

5*9943 
531**3 

526210 

5*7501 
528788 
530072 

531351 

129 

1*9 
129 

128 

128 

531479 
53*754 
534026 

535*94 
536558 

537819 
539076 

540329 

541579 
542825 

531607 
532882 

534153 
5354*1 
536685 

537945 
539202 

540455 
541704 
54*950 

53J734 
533009 
534280 

535547 
536811 

538071 

5393*7 
540580 

5418*9 
543074 

531862 
533136 
534407 
535674 
536937 

538197 
53945* 
540705 
541953 
543199 

531990 

533*64 

534534 
535800 

537063 

538322 

539578 
540830 

542078 
5433*3 

53*117 

533391 
534661 

5359*7 
537189 

538448 

539703 

540955 
542203 

543447 

53**45 
533518 

534787 
536053 
537315 

538574 

5398*9 
541080 

542327 
543571 

532372 

533645 

534914 
536180 

537441 
538699 

539954 
541*05 

54*45* 
543696 

53*500 
53377* 

535041 
536306 

537567 

5388*5 
540079 

541330 
54*576 
5438*0 

53*6*7 
533899 
535*67 

53643* 
537693 

538951 
540*04 

541454 
54*701 
543944 

128 
127 
127 
126 
126 

126 

»S 

1*5 
1*5 
iH 

350 
351 
352 
353 
354 

355 
356 
357 
358 
359 

544068 

545307 

546543 

547775 
549003 

550228 

551450 
552668 
553883 
555094 

54419* 

545431 
546666 

547898 
549126 

550351 
55 "57* 
55*790 
554004 
555*15 

544316 

545555 
546789 

548021 

549249 

550473 
551694 
55*9" 
5541*6 

555336 

544440 
545678 

546913 
548144 
549371 

550595 
551816 

553033 
554*47 
555457 

544564 
545802 

547036 
548*67 

549494 

550717 
551938 

553155 
554368 

555578 

544688 

5459*5 
547159 
548389 
549616 

550840 
552060 
553276 
554489 

555699 

544812 

546049 
547282 

54851* 
549739 
550962 
552181 

553398 
554610 

5558*0 

544936 

54617* 

547405 

548635 
549861 

551084 
55*303 
553519 
554731 
555940 

545060 
546196 

5475*9 
548758 

549984 

551*06 

55*4*5 
553640 

55485* 
556061 

545183 
546419 

54765* 
548881 
550106 

5513*8 

55*547 

55376* 

554973 
556182 

IH 

1*3 

1*3 
123 

122 
122 
121 
121 

121 

360 
361 
362 
363 
364 

365 
366 
367 
368 
369 

556303 

557507 
558709 

559907 

561101 

562293 
5C3481 
564666 
565848 
567026 

5564*3 
5576*7 
558829 
560026 
561221 

562412 
563600 
564784 
565966 

567144 

556544 
557748 
558948 
560146 
561340 

56*531 
563718 

564903 

566084 

567262 

556664 
557868 
559068 
560265 
561459 

562650 

563837 
565021 

566202 

567379 

556785 
557988 
559188 
560385 
561578 
562769 

56395s 

565139 
566320 

567497 

556905 
558108 

559308 

560504 

561698 

562887 

564074 

5^*57 

566437 
567614 

5570*6 
558228 

5594*8 
560624 

561817 

563006 

564192 

565376 

566555 
567732 

557146 

558349 
559548 

560743 
561936 

5631*5 

564311 

565494 
566673 

567849 

557*67 
558469 
559667 
560863 

56*055 

563*44 

5644*9 
565612 

566791 

567967 

557387 
558589 
559787 
560982 

562174 

563362 

564548 

565730 
566909 

568084 

120 
120 
12c 
119 
119 

119 
119 
iiS 
118 
ii{ 

370 
371 
372 
373 
374 

375 

376 
377 
378 
379 

380 
381 
382 
383 
384 

385 
386 
387 
388 
389 

568202 

569374 

570543 
571709 

57*872 

574031 
575188 

576341 

57749* 
578639 

568319 

569491 
570660 

571825 

572988 

574147 

575303 

576457 
577607 

578754 

568436 
569608 
570776 
571942 

573104 

574*63 

575419 
576572 

577722 

578868 

568554 

5697*5 
570893 

57*058 
573220 

574379 

575534 
576687 

577836 
578983 

568671 
569842 
571010 
572174 
573336 

574494 
575650 
576802 

577951 
579097 

568788 
569959 
571126 
572291 

57345* 
574610 

575765 
576917 

578066 
579*1* 

568905 
570076 

571*43 
57*407 
573568 

5747*6 
575880 
577032 
578181 
5793*6 

569023 

570193 

571359 
572523 

573684 

574841 
575996 
577147 
578*95 
579441 

569140 
570309 
571476 
572639 
573800 

574957 
576111 

577262 
578410 
579555 

569*57 
570426 

57159* 
57*755 
5739»5 

57507a 
576226 

577377 

579669 
58081 I 
581950 
583085 
584218 
585348 

586475 

587599 
588720 

589838 
590953_ 

117 
117 
117 
116 
116 

116 

"5 
"5 
"5 
114 

"4 
114 
114 

113 
113 

113 
112 
112 
112 
112 

D. 

579784 
580925 
582063 
583199 

584331 
585461 

586587 
587711 
588832 
589950 

579898 
581039 
582177 
583312 

584444 

585574 
586700 

587823 

588944 

590061 

580012 
581153 
582291 
583426 

584557 
585686 
586812 

587935 
589056 

590173 

580126 
581267 
582404 

583539 
584670 

585799 
586925 

588047 

589167 

590284 

580241 
581381 
582518 
583652 

584783 
585912 
587037 
588160 
589279 
590396 

580355 

581495 
582631 

583765 
584896 

586024 

587149 
588272 

589391 
590507 

580469 
581608 
582745 
583879 
585009 
586137 
587262 
588384 
589503 
590619 

580583 
581722 
582858 
583992 
585122 

586150 

587374 
588496 

589615 

590730 

580697 
581836 
582972 
584105 

585*35 
586362 
587486 
588608 
589726 
S90842 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D.   123456789 

112  II  22  34  45  56  67  78  90  loi 
114  II  23  34  46  57  68  80  91  103 
116  12  23  35  46  58  70  81  93  IC4 
118  12  24  35  47  59  71  83  c4  106 
120  12  24  36  48  60  72  84  c6  ic8 

D.   12345678 

122  12  24  37  49  61  73  85  98 
124  12  »5  37  50  62  74  87  99 
126  13  25  38  50  63  76  88  101 
128  13  26  38  51  64  77  90  IC2 
130  13  26  39  52  65  78  01  IC4 

9 

no 
112 
113 

"5 
117 

TABLE  64 


667 


LOGARITHMS  OF  NUMBERS 

No.  ;3900  to  4449                 Log.  591065  to  648262 

5o. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

39J 
391 
392 
393 
394 

395 

396 
397 
398 
399 

591065 

592177 
593286 

594393 
595496 

596597 

597695 
59879 X 

599883 

600973 

591176 
592288 

593397 

594503 
595606 

596707 
597805 
598900 
599992 
601082 

591287 
592399 
593508 
5946x4 

595717 
5968x7 

5979 >4 
599009 

600x01 

601191 

591399 
5925x0 
593618 
5947*4 
595827 
596927 
598024 
599119 
6002x0 
601299 

591510 
592621 

593729 
594834 
595937 

597037 

598134 
599228 
600319 
601408 

59162X 

592732 

593840 

594945 
596047 

597x46 

598243 

599337 
600428 

60x517 

591732 

592843 
593950 

595055 
596157 
597256 

598353 
599446 

600537 

601625 

591843 
592954 

594061 

595165 

596267 

597366 
598462 

599556 
6C0646 

601734 

59»955 
593064 

594171 

595276 

596377 

597476 
598572 

599665 
600755 
601843 

592066 

593175 
594282 

595386 

596487 

597586 
598681 

599774 
600864 

601951 

ixx 
III 

IXI 

xxo 
no 

no 
1x0 
109 
109 
109 

400 
401 
402 
403 
404 

405 
406 
407 
408 
409 

602060 
603144 
604226 
605305 
606381 

^r*55 
608526 

609594 

610660 

611723 

602169 
603253 
604334 
605413 
606489 

607562 
608633 
609701 
610767. 
611829 

602277 
603361 
604442 
605521 
606596 

607669 
608740 
609808 
610873 
611936 

602386 
603469 
604550 
605628 
606704 

607777 
608847 
6099 14 
6x0979 
6x2042 

602494 
603577 
604658 
605736 
6068 1 1 

607884 
608954 
610021 
611086 
6 12 148 

602603 
603686 
604766 
605844 
606919 

607991 
609061 
610128 
611192 
612254 

602711 

603794 
604874 

605951 

607026 

608098 
609167 
610234 
611298 
612360 

602819 
603902 
604982 
606059 
607133 

608205 
609274 
610341 
611405 
612466 

602928 
604010 
605089 
606166 
60724  X 

608312 
609381 
610447 
6x1511 
612572 

603036 
6041x8 
605197 
606274 
607348 

6084x9 
609488 
610554 
611617 
612678 

108 
108 
108 
108 
X07 

X07 
107 
107 
X06 
X06 

410 
411 
412 
413 
414 

415 
416 
417 
418 
419 

612784 
613842 
614897 
615950 
617000 

618048 
619093 
620136 
62x176 
622214 

6x2890 
613947 
6x5003^ 
616055' 
6x7x05 

618153 
6x9198 
620240 
621280 
622318 

612996 
614053 
6x5108 
6x6160 
6x7210 

6x8257 
6x9302 
620344 
621384 
622421 

613102 
6x4x59 
615213 
616265 
6x73x5 

6x8362 
619406 
620448 
61x488 
622525 

613207 
614264 
6x5319 
6x6370 
617420 

6x8466 
6X951X 
620552 
62x592 
622628 

613313 
614370 
6x5424 
616476 
6x7525 

61857X 
6x96x5 
620656 
62x695 
622732 

613419 
614475 
615529 
61658X 
617629 

6x8676 
619719 
620760 
621799 
622835 

613525 
614581 
615634 
6x6686 
6x7734 

6x8780 
619824 
620864 
621903 
622939 

6x3630 
6x4686 
615740 
6x6790 
6x7839 

6x8884 
6x9928 
620968 
622007 
623042 

6x3736 
614792 
6x5845 
6x6895 
617943 

6x8989 
620032 
62x072 
622x10 
623x46 

X06 
106 
105 
X05 
105 

105 

104 
104 

104 

104 

420 
421 
422 
423 
424 

425 
426 
427 
428 
429 

623249 
624282 
625312 
626340 
627366 

628389 
629410 
630428 
631444 

632457 

623353 
624385 
625415 
626443 
627468 

62849 X 
629512 
630530 

631545 
632559 

623456 
624488 
6255x8 
626546 

627571 
628593 
6296 I 3 
630631 
631647 
632660 

623559 
62459X 
62 562 X 
626648 
627673 

628695 
6297x5 
630733 
631748 
632761 

623663 
624695 
625724 
62675X 

627775 
628797 
629817 
630835 
631849 
632862 

623766 
624798 
625827 
626853 
627878 

628900 
629919 
630936 
63195X 
.632963 

623869 
62490 X 
625929 
626956 
627980 

629002 
630021 
631038 
632052 
633064 

623973 
625004 
626032 
627058 
628082 

629104 
630x23 
631x39 

632153 
633x65 

624076 
625107 
626135 
627161 
628x85 

629206 
630224 
63x241 

632255 
633266 

624179 
625210 
626238 
627263 
628287 

629308 
630326 
63x342 
632356 
633367 

X03 
103 
103 
103 
102 

X02 
102 
102 

lOI 
lOX 

430 
431 
432 
433 
434 

435 
436 
437 
438 
439 

633468 
634477 
635484 
636488 
637490 

638489 
639486 
640481 
641474 
642465 

633569 
634578 

635584 
636588 

637590 

638589 
639586 
64058 I 

64«573 
642563 

633670 

634679 
635685 

636688 

637690 

638689 
639686 
640680 
641672 
642662 

633771 
634779 

635785 
636789 

637790 

638789 
639785 

640779 
64x771 

642761 

633872 
634880 
635886 
636889 
637890 

638888 
639885 
640879 
64187X 
642860 

633973 
634981 

635986 

636989 

637990 

638988 
639984 
640978 
641970 
642959 

634074 
635081 
636087 
637089 
638090 

639088 
640084 
641077 
642069 
643058 

634x75 
635182 
636187 
637x89 
638190 

639188 
640183 
641x77 
642168 
643x56 

634276 
635283 
636287 
637290 
638290 

639287 
640283 
64x276 
642267 

643255 

634376 

635383 
636388 

637390 

638389 

639387 
640382 

641375 
642366 

643354 

XOI 

xox 
100 
100 

100 

xoo 

99 
99 
99 
99 

440 
441 
442 
443 
444 

643453 
644439 

645422 

646404 

647383 

64355* 
644537 
645521 

646502 
647481 

643650 
644636 
6456x9 
646600 

647579 

643749 

644734 
6457x7 

646698 

647676 

643847 
644832 
6458x5 
646796 

647774 

643946 
644931 
645913 
646894 
647872 

644044 
645029 

646011 

646992 

647969 

644143 
645127 

646110 

647089 

648067 

644242 
645226 
646208 
647187 
648165 

644340 
645324 
646306 
647285 
648262 

99 
98 

98 

98 

98 

No. 

0 

1 

2 

3 

4 

5 

6 

7     8 

9 

D. 

D.   123456789 

98  lo  20  29  39  49  59  69  78  88 

100  10  20  30  40  50  60  70  80  90 

102  10  20  31  41  51  61  71  82  92 

104  10  21  31  42  52  62  73  83  94 

D.   123456789 
106  XI  21  32  42  53  64  74  85   95 
108  11  22  32  43  54  65  76  86   9: 
110  XI  22  33  44  55  66  77  88   99 
112  XX  22  '34  45  56  67  78  90  loi 

668 

TABLE  64 

LOGARITHMS  OF  NUMBERS                     1 

No.  4450  to  4999                  Log.  648360  to  698883 

No. 

445 
446 
447 
448 
449 

450 
451 
452 
453 
454 

455 
456 
457 
458 
459 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

9" 

97 
97 
97 
97 

648360 
649335 
650308 
651278 
652246 

648458 
649432 
650405 

65«375 
652343 

648555 
649530 
650502 
651472 
652440 

648653 
649627 

650599 
651569 

652536 

648750 
649724 
650696 
651666 
652633 

648848 
649821 
650793 
651762 
652730 

648945 
649919 
650890 
651859 
652826 

649043 
650016 
650987 
651956 
652923 

649140 
650113 
651084 
652053 
653019 

649237 
650210 
651181 
652150 
653116 

653213 

654'77 
655138 

656098 

657056 

658011 
658965 
659916 
660865 
661813 

653309 
654273 

655*35 
656194 

657152 

658107 
659060 
660011 
660960 
661907 

653405 
654369 

655331 
656290 

657247 

658202 

659155 
660106 

661055 

662002 

653502 

654465 

655427 

656386 

657343 
658298 
659250 
660201 
661 150 
662096 

653598 
654562 

6555*3 
656482 

657438 

658393 

659346 

660296 

661245 

662191 

653695 
654658 
655619 

656577 
657534 

658488 
659441 

660391 
661339 
662286 

653791 

654754 

655715 
656673 

657629 

658584 
659536 
660486 
661434 
662380 

653888 
654850 
655810 
656769 

6577*5 
658679 
659631 
660581 
661529 
662475 

653984 
654946 

655906 

656864 

657820 

658774 
659726 

660676 

661623 

662569 

654080 
65504a 
656002 
656960 
657916 

658870 
659821 
660771 
661718 
662663 

i 

96 

95 
95 

95 

95 
9S 

460 
461 
462 
463 
464 

465 
466 
467 
468 
469 

662758 
663701 
664642 
665581 
666518 

667453 
668386 
669317 
670246 
671173 

662852 

664736 
665675 
666612 

667546 
668479 
669410 
670339 
671265 

662947 
663889 
664830 
665769 
666705 

667640 
668572 
669503 
670431 
671358 

663041 
663983 
664924 
665862 
666799 

667733 
668665 

669596 

670524 

671451 

663135 
664078 
665018 
665956 
666892 

667826 
668759 
669689 
670617 

671543 

663230 
664172 
665112 
666050 
666986 

667920 
668852 
669782 
670710 
671636 

663324 
664266 
665206 
666143 
667079 

668013 
668945 
669875 
670802 
671728 

663418 
664360 
665299 
666237 
667173 

668106 
669038 
669967 
670895 
671821 

663512 
664454 

665393 
666331 

667266 

668199 
6691 3 I 

670060 
670988 
671913 

663607 
664548 

665487 
666424 

667360 

668293 
669224 

670153 
67 1080 
672005 

94 
94 
94 
94 
94 

93 
93 
93 
93 
93 

470 
471 
472 
473 
474 

475 

476 
477 
478 
479 

672098 
673021 
^73942 
674861 
675778 
676694 
677607 
678518 
679428 
680336 

672190 
673113 
674034 

674953 
675870 

676785 
677698 
678609 
679519 
680426 

672283 
673205 
674126 

675045 
675962 

676876 
677789 
678700 
679610 
680517 

672375 

673*97 
674218 

675137 

676053 

676968 
677881 
678791 
679700 
680607 

672467 
673390 
674310 
675228 
676145 

677059 
67797a 

678882 

679791 

680698 

672560 
673482 
674402 
675320 
676236 

677151 
678063 

678973 
679882 

680789 

672652 

673574 

674494 
675412 

676328 

67724a 

678x54 
679064 

679973 

680879 

67*744 
673666 

674586 

675503 
676419 

677333 
678245 

679*55 
680063 

680970 

672836 

673758 
674677 

675595 
676511 

677424 
678336 
679246 
680154 
681060 

672929 

673850 
674769 

675687 
67660a 

677516 

6784*7 
679337 

680245 

681151 

9* 

9» 

9* 
92 

9* 

9* 
9* 
9* 
9* 
9* 

480 
481 
482 
483 
484 

485 

486 
487 
488 
489 

490 
491 
492 
493 
494 

495 
496 
497 
498 
499 

681241 
682145 
683047 
683947 
684845 

685742 
686636 
687529 
688420 
689309 

681332 
682235 
683137 
684037 
684935 

685831 
686726 
687618 
688509 
689398 

68 1422 
682326 
683227 
684127 
685025 

685921 
686815 
687707 
688598 
689486 

681513 
682416 
683317 
684217 
685114 

686010 
686904 
687796 
688687 

689575 

681603 
682506 
683407 
684307 
685204 

686100 
686994 
687886 
688776 
689664 

681693 
682596 
683497 
684396 
685294 

686189 
687083 
687975 
688865 
689753 

681784 
682686 
683^X7 
684486 
685383 

686279 
687172 
688064 
688953 
689841 

681874 

682777 
6S3677 

684576 

685473 

686368 
687261 
688153 
689042 
689930 

681964 
682867 
683767 
684666 
685563 

686458 
687351 
688242 
689131 
690019 

682055 
682957 

683857 
684756 
685652 

686547 
687440 
688331 
689220 
690107 

9« 
90 
90 
90 
90 

89 
89 
89 

«9 
89 

89 
88 
88 
88 
88 

88 

87 
87 
87 

87 

690196 
691081 
691965 
692847 
6937*7 
694605 
695482 
696356 
697229 
698101 

690285 
691170 
692053 
692935 
693815 

694693 
695569 
696444 
697317 
698188 

690373 
691258 
692142 
693023 
693903 

694781 
695657 
696531 
697404 
698275 

690462 
691347 
692230 
693 1 II 
693991 

694868 

695744 
69661S 
697491 
698362 

690550 

69*435 
692318 

693199 
694078 

694956 
695832 
696706 

697578 
698449 

690639 
691524 
692406 
693287 
694166 

695044 
695919 

696793 

697665 

698535 

690728 
691612 

69*494 
693375 
694*54 
695131 
696007 
696880 
697752 
698622 

690816 
691700 
692583 
693463 
69434a 

695219 
696094 
696968 
697839 
698709 

690905 
691789 
692671 

69355* 
694430 

695307 
696182 

697055 
697926 
698796 

690993 
691877 
692759 
693639 
694517 

695394 
696269 
697142 
698014 
69)^883 

No.l   0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

D.   123456789 

88  9   i8  26  35  44  53  62  70  79 

89  9   18  27  36  44  53  62  71  80 

90  9   18  27  36  45  54  63  72  81 

91  9   18  27  36  45  55  64  73  82 

92  9   18  28  37  46  55  64  74  83 

D.   123456789 

93  9  19  28  37  46  56  65  74  84 

94  9  19  28  38  47  56  66  75  85 

95  9  19  28  38  47  57  66  76  86 

96  10  19  29  38  48  58  67  77  86 

97  10  19  29  39  48  58  68  78  8* 

TABLE  64 


«99 


LOGARITHMS  OF  NUMBERS 

No.  5000  to  5549                 Log.  698970  to  744215 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

500 

698970 

699057 

699144 

699231 

699317 

699404 

699491 

699578 

699664 

699751 

87 

bOl 

699838 

699924 

700011 

700098 

700184 

700271 

700358 

700444 

700531 

700617 

87 

502 

700704 

700790 

700877 

700963 

701050 

701136 

701222 

701309 

701395 

701482 

86 

503 

701568 

701654 

701741 

701827 

701913 

701999 

702086 

702172 

702258 

70*344 

86 

504 

702431 

702517 

702603 

702689 

702775 

702861 

702947 

703033 

703119 

703*05 

86 

505 

703291 

703377 

703463 

703549 

703635 

703721 

703807 

703893 

703979 

704065 

86 

506 

704151 

704236 

704322 

704408 

704494 

704579 

704665 

704751 

704837 

704922 

86 

507 

705008 

705094 

705179 

705265 

705350 

705436 

705522 

705607 

705693 

705778 

86 

508 

705864 

705949 

706035 

706120 

706206 

706291 

706376 

706462 

706547 

70663a 

!5 

509 

706718 

706803 

706888 

706974 

707059 

707144 

707229 

707315 

707400 

707485 

85 

510 

707570 

707655 

707740 

707826 

707911 

707996 

708081 

708166 

708251 

708336 

85 

511 

708421 

708506 

708591 

708676 

708761 

708846 

708931 

709015 

709100 

709185 

85 

512 

709270 

709355 

709440 

709524 

709609 

709694 

709779 

709863 

709948 

710033 

85 

513 

710117 

710202 

710287 

710371 

710456 

710540 

710625 

710710 

710794 

710879 

85 

514 

710963 

711648 

711132 

711217 

711301 

711385 

711470 

711554 

711639 

711723 

84 

515 

711807 

711892 

711976 

712060 

71*144 

712229 

712313 

71*397 

712481 

712566 

84 

616 

712650 

712734 

712818 

712902 

712986 

713070 

713154 

713*38 

7133*3 

713407 

84 

■517 

71349" 

713575 

713659 

71374* 

713826 

713910 

713994 

714078 

714162 

714*46 

84 

518 

714330 

714414 

714497 

714581 

714665 

7i4''49 

714833 

714916 

715000 

715084 

!+ 

519 

715167 

715251 

715335 

715418 

715502 

715586 

715669 

715753 

715836 

7159*0 

84 

520 

716003 

716087 

716170 

716254 

716337 

7 1642 I 

716504 

716588 

716671 

716754 

83 

521 

716838 

716921 

717004 

717088 

717171 

717*54 

717338 

7174*1 

717504 

717587 

83 

622 

717671 

717754 

717837 

717920 

718003 

718086 

718169 

718*53 

718336 

718419 

83 

523 

718502 

718585 

718668 

718751 

718834 

718917 

719000 

719083 

719165 

719*48 

83 

524 

719331 

719414 

719497 

719580 

719663 

719745 

719828 

719911 

719994 

720077 

83 

925 

720159 

720242 

720325 

720407 

720490 

720573 

720655 

720738 

720821 

720903 

83 

526 

720986 

721068 

721151 

721233 

721316 

7*1398 

721481 

7*1563 

721646 

721728 

82 

527 

721811 

721893 

721975 

722058 

722140 

722222 

722305 

722387 

722469 

7*2552 

82 

528 

722634 

722716 

7*2798 

722881 

7**963 

723045 

7*31*7 

723209 

723291 

7*3374 

82 

529 

723456 

7*3538 

723620 

723702 

723784 

723866 

723948 

724030 

724112 

7*4194 

82 

530 

724276 

7H358 

724440 

724522 

724604 

7246s 5 

724767 

724849 

7*4931 

725013 

82 

531 

725095 

725176 

7*5*58 

7*5340 

725422 

725503 

7*5585 

7*5667 

725748 

7*5830 

82 

532 

725912 

725993 

726075 

726156 

726238 

726320 

726401 

7*6483 

726564 

726646 

82 

533 

726727 

726809 

726890 

726972 

727053 

7*7134 

727216 

727297 

7*7379 

727460 

81 

534 

727541 

727623 

727704 

727785 

727866 

7*7948 

728029 

728110 

728191 

728273 

81 

535 

7*8354 

7*8435 

728516 

7*8597 

728678 

7*8759 

728841 

728922 

729003 

729084 

81 

536 

729165 

729246 

7*93*7 

7*9408 

7*9489 

729570 

729651 

729732 

729813 

7*9893 

81 

537 

7*99''4 

730055 

730136 

730217 

730293 

730378 

730459 

730540 

730621 

730702 

81 

538 

730782 

730863 

730944 

731024 

731105 

731186 

731266 

731347 

731428 

731508 

81 

539 

73'5«9 

731669 

731750. 

731830 

731911 

731991 

732072 

73*15* 

73**33 

732313 

81 

540 

73*394 

732474 

73*555 

73*635 

732715 

732796 

73*876 

73*956 

733037 

733117 

80 

541 

733197 

733*78 

733358 

733438 

733518 

733598 

733679 

733759 

733839 

733919 

80 

542 

733999 

734079 

734160 

734*40 

734320 

734400 

734480 

734560 

734640 

734720 

80 

543 

734800 

734880 

734960 

735040 

735120 

735200 

735*79 

735359 

735439 

735519 

80 

544 

735599 

735679 

735759 

735838 

735918 

735998 

736078 

736157 

736*37 

736317 

80 

545 

736397 

736476 

736556 

736635 

736715 

736795 

73^874 

736954 

737034 

737113 

80 

546 

737193 

737*7* 

737352 

737431 

737511 

737590 

737670 

737749 

7378*9 

737908 

79 

547 

737987 

738067 

738146 

738**5 

738305 

738384 

738463 

738543 

738622 

738701 

79 

548 

738781 

738860 

738939 

739018 

739097 

739177 

739256 

739335 

739414 

739493 

79 

549 

739572 

739651 

739731 

739810 

739889 

739968 

740C47 

74C126 

740205 

740284 

79 

550 

740363 

740442 

740521 

740600 

740678 

740757 

740836 

740915 

740994 

741073 

79 

551 

741152 

741230 

741309 

741388 

741467 

741 546 

741624 

741703 

741782 

741860 

79 

552 

741939 

742018 

742096 

74*175 

74**54 

742332 

74*411 

742489 

742568 

742647 

7? 

553 

742725 

74*804 

742882 

742961 

743039 

743118 

743196 

743*75 

743353 

743431 

78 

554 

743510 

743588 

743667 

743745 

743823 

743902 

743980 

7440  s8 

744136 

744215 

78 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

D.   123456789 

D.   123456789 

78   8   i6  23  31  39  47  55  62  70 

83   8   17  *5  33  41  50  58  66  75 

79   8   16  24  32  39  47  55  63  71 

84   8   17  *5  34  4*  50  59  67  76 

80   8   16  24  32  40  48  56  64  72 

85  8   17  25  34  42  51  59  68  76 

86  9   17  26  34  43  52  60  69  77 

81   8   16  24  3*  40  49  57  65  73 

82 

8   16  25  33  41  49  57  66  74 

87   9   17  26  35  43  52  61  70  78 

670 


TABLE   G4 


!                    LOGARITHMS  OF  NUMBERS 

No.  5550  to  6099                 Log.  744293  to  785259 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

555 
556 
557 
558 
559 

560 
561 
562 
563 
564 

565 
566 
567 
568 
569 

744293 

745075 

745855 
746634 
747412 

744571 

745 » 53 

745933 
746712 

747489 

744449 
745231 

7460 1 1 

746790 

747567 

7445*8 
745309 

746089 
746868 

74764*; 

744606 

745387 
746167 

746945 

747722 

744684 

745465 
746245 

7470*3 
747800 

744762 

745543 

746323 
747101 

747878 

744840 
745621 
746401 

747 '79 
747955 

7449'9 
745699 

746479 

747256 

748033 

744997 

745777 

746556 

747334 
748 1 10 

78 
78 
78 
78 
78 

748188 

748963 
749736 
750508 
751279 

752048 
752816 

753583 
754348 
755112 

748266 
749040 
749814 
750586 
751356 

752125 

75*893 
753660 

7544*5 
755>89 

748343 
749  "8 

749891 

750663 

75 '433 
752202 
752970 
753736 
754501 
755265 

7484*1 

749 '9  5 
749968 
750740 

751510 

752279 

753047 
753813 
754578 

75534J 

748498 
749272 

750045 

750817 
75'5«7 
752356 

7531*3 
753889 

754654 
7554»7 

748576 
749350 
750123 

750894 
751664 

75*433 
753*00 

753966 

754730 

755494 

748653 

7494*7 
750200 

750971 
75 '74' 

75*509 

753^77 
754042 

754807 
755570 

74873' 

749504 
750277 

751048 

751818 

752586 

753353 
754119 
754883 
755646 

748808 

749582 

750354 

75"*5 
751895 

75*663 

753430 

754'95 
754960 

755722 

748885 

749659 
75043' 
75'*02 

75'972 
752740 
753506 
754*7* 
755036 

755799 

77 
77 
77 
77 
77 

77 
77 
77 
76 
76 

670 
671 
572 
573 

574 

575 
576 
577 
578 
579 

755875 
756636 

757396 

758155 
758912 

759668 
760422 
761176 
761928 
762679 

75595> 
756712 

75747* 
758*30 
758988 

759743 
760498 

76 125 I 

762003 

762754 

756027 
756788 

757548 
758306 
759063 

759819 
760573 
761326 
762078 
762829 

756103 
756864 

7576*4 
75838* 

759'39 

759894 
760649 

761402 

762153 

762904 

.756180 
756940 
757700 
758458 
759»'4 

759970 
760724 
761477 
762228 
762978 

756*56 
757016 

757775 

758533 
759290 

760045 
760799 

76155a 
762303 

763053 

75633* 
757092 

75785' 
758609 

759366 

760121 
760875 
761627 
762378 
763128 

756408 
757'68 
757927 
758685 
75944' 
760196 
760950 
761702 
762453 
763203 

756484 

757*44 
758003 

758761 

7595'7 

760272 

761025 

761778 

762529 

763278 

756560 
757320 

758079 
758836 

75959* 
760347 
761101 
76J853 
762604 

763353 

76 
76 
76 
76 
76 

75 
75 
75 
75 

75 

580 
581 
682 
583 
584 

585 
586 
687 
588 
589 

763428 
764176 
764923 
765669 
766413 

767156 

767898 
768638 
769377 
7701 15 

763503 
764251 

764998 

765743 
766487 

767*30 
767972 
768712 
769451 
770189 

763578 
764326 
765072 
765818 
766562 

767304 
768046 

768786 

769525 

770263 

763653 
764400 

765147 
765892 

766636 

767379 
768120 

768860 

769599 
760336 

7637*7 

764475 
765221 

765966 

766710 

767453 
768194 

768934 
769673 
770410 

763802 
764550 
765296 
766041 
76678«; 

767527 
768268 
769008 
769746 
770484 

76.3877 
764624 

765370 
766115 
766859 

767601 
768342 
769082 
769820 

770557 

763952 

764699 

765445 
766190 

766933 

767675 
768416 

769156 

769894 
770631 

764027 

764774 
765520 

766264 

767007 

767749 
768490 

769230 

769968 

770705 

764101 
764848 

765594 
766338 
767082 

767823 
768564 

769303 
770042 

770778 

75 
75 
75 
74 
74 

74 
74 
74 
74 
74 

590 
591 
592 
593 
594 

595 

596 
597 
598 
599 

770852 

771587 
772322 

773055 
773786 

774517 
775246 

775974 
776701 

7774*7 

770916 
771661 

77*395 
773 »*8 
773860 

774590 

775319 
776047 

776774 
777499 

770999 

77I7H 
77*468 
773201 

773933 
774663 
775392 
776120 
776846 

77757* 

771073 
771808 

77254* 

773*74 
774006 

774736 

775465 
776193 

776919 
777644 

771146 
771881 
772615 

773348 
774079 

774809 
775538 
776265 
776992 
777717 

771220 

771955 
77*688 
773421 

77415* 
774882 
775610 

776338 
777064 
777789 

77'»93 
772028 

772762 

773494 
774**5 

774955 
775683 
77641 I 

777'37 
777862 

771367 
772102 
772835 
773567 
774298 

775028 
775756 
776483 
777*09 
777934 

771440 
772175 

772908 
773640 

77437' 
775100 
775829 
776556 
777282 
778006 

77'5'4 
772248 

772981 

7737'3 
774444 

775'73 
775902 

776629 

777354 

778079 

74 
73 
73 
73 
73 

73 
73 
73 
73 
72 

600 
601 
602 
603 
604 

605 
606 
607 
608 
609 

77«i5' 
778874 
779596 
780317 

781037 

78175s 
782473 

783189 

783904 

784617 

778**4 

778947 
779669 
780389 
781109 

781827 

78*544 
783260 

783975 
784689 

778*96 
779019 

779741 
780461 

781181 

781899 
782616 

78333a 
784046 

784760 

778368 

77909' 

779813 
780533 

781253 

781971 
782688 
783403 
784118 
784831 

77844' 
779163 

779885 
780605 

7813*4 
782042 
782759 

783475 
784189 

784902 

778513 
779236 

779957 
780677 

781396 

782114 
782831 
783546 
784261 

784974 

778585 
779308 
780029 
780749 
781468 

782186 
782902 
783618 

78433* 
785045 

778658 
779380 
780101 
780821 
781540 

78*258 
782974 
783689 

784403 
785116 

778730 

77945* 
78^173 

780893 

781612 

782329 

783046 
783761 

784475 
785187 

778802 

7795*4 

780H5 
780965 

781684 

782401 

783"7 
783831 
7845x6 

785*59 

72 

72 

7* 

72 

7* 

7* 
7* 
7' 
71 
7' 

No. 

0 

1 

2 

3 

4 

5 

6 

7     8     9   I 

D. 

D.   123456789 

71  7   H  21  28  35  43  50  57  64 

72  7   14  22  29  36  43  50  58  65 

73  7   15  22  29  36  44  51  58  66 

74  7   15  %%    30  37  44  5*  59  67 

D.   1   2   3   4   5   6 

75  7   15  22  30  37  45 

76  8   15  23  30  38  46 

77  8   15  23  31  38  46 

78  8   i6  23  31  39  47 

7   8 

52  60 

53  61 

54  62 

55  62 

9 

67 
68 

69 
70 

TABLE  6t 


671 


LOGAKITUMS  OF  NUMBERS 


No.  6 100- to  6649 


Log.  785330  to  822756 


D. 


No. 


610 
611 
612 
613 
614 

615 
616 
617 
618 
619 


620 
621 
622 
623 
624 

625 
626 
627 
628 
629 


630 
631 
632 
633 
634 

635 
636 
637 
638 
639 


640 
641 
642 
643 
644 

645 
646 
647 
648 
649 


650 
651 
652 
653 
654 

655 
656 
657 
658 
659 


660 
661 
662 
663 
664 


No. 


785330 
786041 
786751 
787460 
788168 

788875 
789581 
790285 
790988 
791691 


79239a 
793092 

793790 

794488 

795>8S 
7958«o 

796574 
797268 
797960 
798651 


799341 
800029 

800717 

801404 

802089 

802774 
803457 
804139 
804821 
805501 


806180 
806858 

807535 
808211 

808886 

809560 
810233 
810904 

811575 

812245 


812913 
813581 
814248 
814913 
815578 

816241 
816904 
817565 
818226 
818885 


819544 
820201 
820858 
821514 
822168 


1 


785401 
786112 
786822 

787531 
788239 

788946 
789651 
790356 
791059 
791761 


792462 
793162 
793860 

794558 
795*54 

795949 
796644 

797337 
798029 

798720 


799409 
800098 
800786 
801472 
802158 

802842 
803525 
804208 
804889 
805569 


806248 
806926 
807603 
808279 
808953 

809627 
810300 
810971 
811642 
812312 


812980 
813648 
814314 
8 14980 
815644 

816308 
816970 
817631 
818292 
818951 


819610 
820267 
820924 
821579 
822233 


1 


785472 
786183 

786893 

787602 

788310 

789016 
789722 
790426 
79 1 129 
791831 


792532 
793231 
793930 
794627 
795324 

796019 
796713 
797406 
798098 
798789 


799478 
800167 
800854 
801541 
802226 

802910 
803594 
804276 

804957 
805637 


806316 
806994 
807670 
808346 
809021 

809694 
810367 
811039 
811709 
812379 


813047 
813714 
814381 
8 1 5046 
815711 

816374 
817036 
817698 
818358 
819017 


819676 
820333 
820989 
821645 
822299 


785543 
786254 

786964 

787673 

788381 

789087 
789792 
790496 
791 199 
791901 


792602 
793301 
794000 
794697 

795393 
796088 
796782 

797475 
798167 

798858 


799547 
800236 

800923 

801609 

802295 

802979 
803662 

804344 
805025 

805705 


806384 
807061 
807738 
808414 
809088 

809762 
810434 
811106 
811776 
812445 


813114 
813781 

814447 
815113 

815777 

816440 
817102 

817764 
818424 

819083 


819741 
820399 
821055 
821710 
822364 


3 


785615 
786325 
787035 

787744 
788451 

789157 
789863 
790567 
791269 
791971 


792672 

793371 
794070 

794767 
795463 
796158 
796852 

797545 
798236 

798927 


799616 
800305 
800992 
801678 
802363 

803047 
803730 
804412 
805093 
805773 


80645 1 
807129 
807806 
808481 
809156 

809829 
810501 
811173 
811843 
812512 


813181 
813848 
814514 
815179 
815843 

816506 
817169 

847830 
818490 
819149 


819807 
820464 
821120 

821775 
822430 


785686 
786396 
7S7106 
787815 
788522 

789228 
789933 

790637 
791340 

792041 


792742 

793441 
794139 

794836 

795532 

796227 

796921 

797614 

798305 
798996 


799685 
800373 
801061 
801747 
802432 

803 I 16 

803798 
804480 
80516] 
805841 


806519 
807197 

807873 
808549 
809223 

809896 
810569 
811240 
811910 
812579 


813247 
813914 
814581 
815246 
815910 

816573 
817235 
817896 
818556 
819215 


819873 
820530 
821186 
821841 
822495 


785757 
786467 

787177 

787885 

788593 

789299 
790004 
790707 
791410 
7921 II 


792812 
793511 
794209 
794906 
795602 

796297 
796990 
797683 

798374 
799065 


799754 
800442 

801129 

801815 

802500 

803184 
803867 
804548 
805229 
805908 


806587 
807264 
807941 
808616 
809290 

809964 
810636 
8 1 1 307 
811977 
812646 


813314 
8139S1 
814647 
815312 
815976 

816639 
817301 
817962 
818622 
819281 


819939 
820595 
821251 
821906 

822560 


6 


785828 
786538 
787248 
787956 
788663 

789369 
790074 
790778 
791480 
792 18 1 


792882 
793581 
794279 
794976 
795672 

796366 
797060 
797752 

798443 
799134 


799823 
800511 
801198 
801884 
802568 

803252 

803935 
804616 

805297 

805976 


806655 

807332 
808008 
808684 
809358 

81003 1 
810703 
811374 
812044 
812713 


813381 
814048 
814714 
815378 
816042 

816705 
817367 
818028 
818688 
819346 


820004 
820661 
821317 
821972 
822626 


8 


785899 
786609 

787319 
788027 

788734 
789440 
790144 
790848 
791550 
792252 


792952 
793651 

794349 
795045 
79574^ 
796436 
797129 
797821 

798513 
799203 


799892 
800580 
801266 
801952 
802637 

803321 
804003 
804685 
805365 
806044 


806723 
807400 
808076 
808751 
809425 

81C098 
810770 
811441 
812111 
812780 


813448 
814114 
814780 
815445 
816109 

816771 
817433 
818094 
818754 
819412 


820070 
820727 
821382 
822037 
822691 


8 


785970 
786680 
787390 
78S098 
788804 

789510 
7902 1 5 
790918 
791620 
792322 


793022 
793721 
794418 

795115 
795811 

796505 
797198 
797890 
798582 
799272 


799961 
800648 

801335 
80202 I 

802705 

803389 
80407 1 
804753 

805433 
806112 


806790 
807467 
808143 
808818 
809492 

810165 
S10837 
811508 
812178 
812847 


813514 
814181 
814847 
815511 
816175 

816838 
817499 
818160 
818820 
819478 


820136 
820792 
821448 
822103 
822756 


D.  123456789 

65  6   13  19  26  32  39  45  52  58 

66  7   13  20  26  33  40  46  53  59 

67  7   13  20  27  33  40  47  54  60 

68  7   14  20  27  34  41  48  54  61 


D. 

68 
69 
70 
71 


1 

7 
7 
7 


71 

71 

71 
71 

71 

71 
70 
70 

70 
70 


70 

70 

70 
70 
70 

69 
69 
69 
69 


69 

69 
69 
69 

68 
68 
68 
68 
68 


68 
68 
68 

67 
67 

67 
67 
67 
67 
67 


67 

67 

67 
66 

66 

66 
66 
66 
66 
66 


66 
66 
66 

65 
65 


23456789 
14  20  27  34  41  48  54  61 
14  21  28  34  41  48  55  62 
14  21  28  35  42  49  56  63 
:4  21  28  35  43  50*  57  64 


672 

TABLE  64 

LOGARITHMS  OF  NUMBERS 

No.  6650  to  7199                 Log.  822822  to  857272 

No. 

665 
C66 
667 
668 
669 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

822822 
823474 
824126 
824776 
825426 

82288: 
823539 
82419X 
82484X 
825491 

822952 
823605 
824256 
824906 
825556 

8230x8 
823670 
824321 
82497 X 
82 562 X 

823083 

8*3735 
824386 

825036 

825686 

823x48 
823800 
82445  X 
82510X 

8*5751 

8232x3 
823865 
8245x6 
825166 
8258x5 

823279 

8*3930 
8245 8 X 
825231 
825880 

823344 
823996 
824646 
825296 
825945 

823409 
824061 
824711 
825361 
826010 

65 
65 
65 

670 
671 
672 
673 
674 

675 
676 
677 
078 
679 

8a 6075 
826723 
827369 
8280x5 
828660 

829304 
829947 
830589 
83x230 
831870 

826x40 
826787 
827434 
828080 
828724 

829368 
8300XX 
830653 
831294 
831934 

826204 
826852 
827499 
828144 
828789 

829431 

830075 
8307x7 
83x358 
83x998 

826269 
8269x7 

827563 

828209 

828853 

829497 
830x39 

83078 X 
83x422 
832062 

826334 

82698 X 

827628 
828273 
8289x8 

829561 
830204 

830845 
83x486 

832x26 

826399 
827046 
827692 
828338 
828982 

829625 
830268 
830909 
831550 
832x89 

826464 
827x11 
827757 
828402 
829046 

829690 

83033* 
830973 

83x6x4 

832253 

826528 
827x75 
82782 X 
828467 
829x11 

8*9754 
830396 

83x037 

83x678 

8323x7 

826593 
827240 
827886 
82853 X 
829175 

8298x8 
830460 
83 1 102 

83174* 
832381 

826658 
827305 
827951 

8*8595 
829239 

829882 
830525 
831x66 
831806 

83*445 

65 

64 
64 

64 

64 
64 

64 

680 
681 
682 
683 
684 

685 
686 
687 
688 
689 

690 
691 
692 
693 
694 

695 
696 
697 
698 
699 

832509 

833147 
833784 

834421 

835056 

83 569 X 
836324 
836957 
837588 
838219 

832573 
83321X 
833848 

834484 
835120 

835754 
836387 
837020 
837652 
838282 

8389x2 

83954^ 
840x69 

840796 

84x422 

842047 
842672 

843*95 
843918 

844539 

832637 

833*75 
8339x2 

834548 
835x83 

8358x7 
83645 X 
837083 

837715 
838345 

832700 

833338 
833975 

8346x1 

835*47 
835881 

8365x4 

837x46 
837778 

838408 

832764 
833402 

834*  39 

834675 
835310 

835944 

836577 
837210 

837841 

838471 

832828 
833466 
834103 

834739 
835373 
836007 
836641 

837*73 

837904 
838534 

832892 

834802 
835437 
836071 
836704 
837336 

837967 
838597 

832956 

833593 
834230 

834866 
835500 

836x34 
836767 

837399 
838030 

838660 

833010 
833657 
834*94 
8349*9 
835564 
836197 
836830 

83746* 
838093 
838723 

833083 
833721 
834357 
834993 
8356*7 
836261 
836894 

8375*5 
838156 

838786 

64 
64 
64 

63 
63 

63 

63 

838849 

839478 
840106 
840733 
84x359 

841985 
842609 
843233 
843855 

844477 

838975 
839604 

840232 

840859 

841485 

842x10 
842734 

843357 
843980 
84460  X 

839031 

839667 

840294 
840921 

841547 

842x72 

842796 
843420 
844042 

844664 

839x01 
839729 

84^357 
840984 
84x6x0 

842235 
842859 
843482 
844104 
844726 

839x64 
839792 
840420 
84x046 
84x672 

842297 
84292 X 

843544 
844x66 

844788 

839227 

839855 
840482 

841 109 

84*735 
842360 
842983 
843606 
844229 
844850 

839289 
839918 

840545 
84XX72 

841797 
842422 
843046 
843669 
84429X 
8449x2 

83935* 
849981 

840608 

841234 

841860 

84*484 
843108 

84373' 
844353 
844974 

8394'5 
840043 

840671 

841297 

841911 

84*547 
843170 

843793 
844415 
845036 

63 
63 
63 
63 
62 
62 
62 
61 
61 

700 
701 
702 
703 
704 

705 
706 
707 
708 
709 

845098 
8457x8 
846337 
846955 

847573 
848x89 
848805 
849419 
850033 
850646 

845160 
845780 
846399 
847017 
847634 

848251 
848866 
84948 I 
850095 
850707 

845222 

845842 

84646 X 

847079 
847696 

848312 
848928 
849542 

850156 
850769 

845284 

845904 
846523 

847x41 
847758 

848374 

848989 

849604 
850217 
850830 

845346 
845966 
846585 
847202 
847819 

848435 
8490 5 X 

849665 

850279 

850891 

845408 

846028 
846646 
847264 
847881 

848497 

849x12 

849726 
850340 

850952 

845470 
846090 
846708 
8473*6 
847943 

848559 
849x74 

849788 

850401 

8510x4 

84553* 
846x51 

846770 

847388 

848004 

848620 

849*35 

849849 
850462 

851075 

845594 
846113 

84683* 

847449 
848066 

848681 

849197 
849911 

851x36 

845656 

846175 

846894 

8475" 
84«iiS 

848743 
849358 
84997* 

850585 
851197 

62 
62 
62 
61 
61 

61 

60 
60 

710 
711 
712 
713 
714 

715 
716 
717 
718 
719 

No. 

851258 
85x870 
852480 
853090 
853698 

85430^ 
854913 

855519 
856x24 

856729 

851320 
85x931 
852541 
853150 

853759 
854367 
854974 
855580 
856185 
856789 

85I38X 

851992 

852602 

8532II 

853820 

854428 
855034 

855640 

856245 

856850 

851442 

852c 53 
852663 
853272 
853881 

854488 

855095 
85570X 

856306 

8569x0 

851503 
852114 
852724 

853333 
85394' 

854549 
855156 

855761 

856366 

856970 

851564 
852175 

85*785 
853394 

854002 

8546x0 
855216 

855822 
856427 
857031 

851625 
852236 
852846 

853455 
854063 

854670 

855277 
855882 
856487 
85709X 

851686 
852297 
852907 
8535x6 
854124 

85473' 
855337 

855943 
856548 

857152 

85 '747 
85*358 
852968 

853577 
8H185 

85479* 
855398 
856003 
856608 
8572x2 

851809 
852419 
853019 

853637 
854*45 

85485* 

855459 
856064 

856668 

857272 

0 

1 

2 

3 

4 

6 

6 

7 

8 

9 

D. 

D.   123456789 

60  6   12  i8  24  30  36  42  48  54 

61  6   X2  x8  24  30  37  43  49  55 

62  6   X2  19  25  31  37  43  50  56 

• 

D   123456789 

63  6   13  X9  25  3x  38  44  50  57 

64  6   13  X9  26  32  38  45  51  58 

65  6   13  19  26  32  39  45  52  58 

TABLE  64 


673 


LOGARITHMS  OF  NUMBERS 

No.  7200  to  7749                  Log.  857332  to  889246      | 

No. 

720 
721 
722 
723 
724 

725 
726 
727 
728 
729 

730 
731 
732 
733 
734 

735 
736 
737 
738 
739 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

^5733* 
857935 
858537 
859138 

859739 
860338 
860937 
861534 
862131 
862728 

857393 

857995 

858597 
859198 

859799 
860398 
860996 
S61594 
862191 
862787 

857453 
858056 

858657 
859258 

859859 

860458 
861056 
861654 
862251 
862847 

8575»3 
858116 

858718 

859318 

859918 

860518 
861116 
861714 
862310 
862906 

857574 
858176 

858778 

859379 
859978 

860578 
861176 
861773 
862370 
862966 

857634 
858236 

858838 

859439 
860038 

860637 
861236 
861833 
862430 
863025 

857694 

858297 
858898 

859499 
860098 

860697 
861295 
861893 
862489 
863085 

857755 

858357 
858958 

859559 
860158 

860757 

861355 
861952 

862549 

863144 

857815 
858417 

859018 
859619 
860218 

860817 
861415 
862012 
862608 
S63204 

857875 
858477 
859078 

859679 
860278 

860877 

861475 
862072 

86266S 

863263 

60 
60 
60 
60 
60 

60 
60 
60 
60 
60 

863323 
863917 
<645ii 
865104 
865696 

866287 
866878 
867467 
868056 
868644 

863382 
863977 
864570 
865163 

865755 
866346 
866937 
867526 
868115 
868703 

863442 
864036 
864630 
865222 
865814 

866405 
866996 
867585 
868174 
868762 

863501 
864096 
864689 
865282 
865874 

866465 
867055 
867644 
868233 
868821 

863561 

864155 
864748 

865341 

865933 
866524 
867114 
867703 
868292 
868879 

863620 
864214 
864808 
865400 
865992 

866583 
867173 
867762 
868350 
868938 

863680 
864274 
864867 
865459 
866051 

866642 
867232 
867821 
868409 
868997 

863739 
864333 
864926 
865519 
866110 

866701 
867291 
867880 
868468 
869056 

JJ63799 
864392 
864985 
865578 
866169 

866760 
.867350 

867939 
868527 

86911^1 

863858 
864452 
865045 
865637 
866228 

866819 
867409 
867998 
868586 
869173 

59 
59 
59 
59 
59 

59 
59 
59 
59 
59 

740 
741 
742 
743 
744 

745 
746 
747 
748 
749 

750 
751 
752 
753 
754 

755 
756 
757 

758 
759 

760 
761 
762 
763 
764 

765 
766 
767 
768 
769 

869232 
869818 
870404 
870989 
871573 
872156 

87*739 
873321 

873902 

874482 

869290 
869877 
870462 
871047 
871631 

872215 
872797 

873379 
873960 

874540 

869349 
869935 

870521 

87 1 106 

871690 

872273 
872855 

873437 
874018 

874598 

869408 

869994 

870579 
871164 

871748 

872331 

872913 

873495 
874076 

874656 

869466 
870053 
870638 
871223 
871806 

872389 
872972 

873553 

874134 
874714. 

869525 
8701 1 1 
870696 
871281 
871865 

872448 
873030 
873611 

87419* 

87477* 

869584 

870170 

870755 

871339 
871923 

872506 
873088 
873669 

874250 
874830 

869642 
870228 
870813 
871398 
871981 

872564 

873146 
873727 
874308 
874888 

869701 
870287 
870872 
871456 
872040 

872622 
873204 

873785 
874366 

874945 

869760 

870345 
870930 

871515 

872098 

872681 
873262 

873844 
874424 

875003 

59 
59 
58 
•58 
58 

58 
58 
58 
58 
58 

875061 

875640 
876218 

876795 
877371 

877947 
878521 
879096 
879669 
880242 

875119 

875698 
876276 
876853 
877429 

878004 

878579 

879>53 
879726 

880299 

875*77 
875756 

876333 
876910 

877487 
878062 
878637 
879211 

879784 
880356 

875*35 

875813 
876391 

876968 

877544 
878119 
878694 
879268 
879841 
880413 

875293 

875871 

876449 
877026 

877602 

878177 
87875a 

8793*5 
879898 

880471 

87535' 

8759*9 
876507 

877083 

877659 

878234 
878809 

879383 
879956 
880528 

875409 

875987 
876564 

877H> 
877717 

878292. 

878866 

879440 

880013 

880585 

875466 
876045 
876622 
877199 

877774 
878349 
878924 

879497 
880070 

880642 

875524 

876102 

876680 

877*56 

87783* 

878407 

878981 

879555 
880127 

880699 

875582 
876160 

876737 
877314 

877889 

878464 

879039 
879612 

880185 

880756 

58 
58 
58 
58 
58 

57 
57 
57 
57 
57 

880814 
881385 

881955 
882525 

883093 

883661 
884229 

884795 
885361 

88<;926 

880871 
881442 
882012 
88258] 
883150 

883718 
884285 
884852 
885418 
885983 

8S0928 
881499 
882069 
882638 
S83207 

883775 
884342 

884909 

885474 
8S6039 

880985 
881556 
882126 
882695 
S83264 

883832 

884399 
884965 

885531 

8S6096 

881042 
881613 
882183 
882752 
883321 

883888 

884455 
885022 

885587 
8861^2 

881099 
881670 
882240 
882809 

883377 

883945 
884512 

885078 

885644 

886200 

881156 
881727 
882297 
882866 

883434 
884002 
884569 
885135 
8857C0 
886265 

881213 
881784 
882354 
882923 
883491 

884059 
884625 
885192 

885757 
886321 

881271 
881841 
882411 
882980 
883548 

884115 
884682 
885248 
885813 
886378 

881328 
881898 
882468 
883037 
883605 

884172 

884739 

885305 
885870 

886434 

57 
57 
57 
57 
57 

57 
57 
57 
57 
56 

770 
771 
772 
773 
774 

886491 
887054 
887617 
888179 
888741 

886547 
88711] 
887674 
888236 
888797 

886604 
887167 

887730 
888292 
8888«;3 

886660 
887223 
887786 
888348 
888909 

886716 
887280 
887842 
888404 
888965 

886773 

887336 
887898 
888460 
889021 

886S29 
887392 

887955 
888516 

889077 

886885 
887449 
888011 

888573 
889134 

886942 

887505 
888067 

888629 

88919P 

886998 
887561 
888123 
888685 
889246 

56 
56 
56 
56 
56 

D. 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D.   123456789 

56  6   11  17  22  28  34  39  45  50 

57  6   II  17  23  28  34  40  46  51 

58  6   12  17  23  29  35  41  46  52 

D.   123456789 

59  6   12  18  24  29  35  41  47  53 

60  6   12  18  24  30  36  41  48  54 

X  X 
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TABLE  6t 


LOGARITHMS  OF  NUMBERS 

No.  7750  to  8299                  Log.  889302  to  919026 

No. 

775 
776 
777 
778 
779 

780 
781 
782 
783 
784 

785 
786 
787 
788 
789 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

889302 
889862 
890421 
890980 
891537 

889358 
889918 

890477 
891035 

891593 

889414 
889974 

890533 
891091 

891649 

889470 
890030 
890589 

891147 
891705 

889526 
890086 
890645 
89x203 
891760 

889582 
890141 
890700 
891259 
891816 

889638 
890197 
890756 

891314 
891872 

889694 

890253 
890812 

891370 

891928 

889750 
890309 
890868 
891426 
891983 

889806 
890365 
890924 
891482 
892039 

56 
56 
56 
56 

56 

802095 
892651 
893207 
893762 
894316 

894870 
895423 

895975 
896526 

897077 

892150 
892707 
893262 

893817 
894371 
894925 

895478 
896030 
896581 
897132 

892206 
892762 
893318 

893873 
894427 

894980 

895533 
896085 
896636 
897187 

892262 
892818 

893373 
893928 

894482 

895036 
895588 
896140 
896692 
897242 

892317 

892873 
893429 

893984 

894538 

89509 X 
895644 
896195 

896747 
897297 

892373 
892929 
893484 

894039 
894593 
895146 

895699 
896251 

896802 
89735* 

892429 
892985 

893540 
894094 

894648 

895201 

895754 
896306 

896857 
897407 

892484 
893040 

893595 
894x50 

894704 

895*57 
895809 
89636X 
896912 
897462 

892540 
893096 

893651 
894205 

894759 
8953x2 
895864 
896416 
896967 

897517 

892595 
893151 
893706 
894261 
8948x4 
895367 
895920 
896471 
897022 
S97S7* 

56 
56 
56 
55 
55 

55 

55 
55 
55 
5$ 

790 
791 
792 
793 
794 

795 
796 
797 
798 
799 

897627 
898176 

898725 
899273 

899821 

900367 
900913 
901458 
902003 
902547 

897682 
898231 
898780 
899328 
899875 

900422 
900968 
901513 
902057 
902601 

897737 
898286 

898835 

899383 

899930 

900476 
901022 
901567 
902x12 
902655 

897792 
898341 
898890 

899437 
899985 
900531 
901077 
901622 
902166 
902710 

897847 
898396 

898944 

899492 

900039 

900586 
901131 
901676 
902221 
902764 

897902 
898451 

898999 
899547 

900094 

900640 
901186 
901731 
902275 
902818 

897957 
898506 

899054 

899602 

900149 

900695 
901240 
901785 
902329 

902873 

898012 
898561 
899109 
899656 
900203 

900749 
901295 
90x840 
902384 
902927 

898067 
898615 
899164 

899711 
900258 

900804 
901349 
901894 
902438 
902981 

898122 
898670 
8992x8 
899766 
900312 

900859 
901404 
901948 
902492 
903036 

55 
55 
55 
55 
55 

55 
55 

54 
54 

54 

800 
801 
802 
803 
804 

805 
806 
807 
808 
809 

810 
811 
812 
813 
814 

815 
816 
817 
818 
819 

903090 

903633 
904174 

904716 

905256 

905796 
906335 
906874 
907411 
907949 

903144 
903687 
904229 
904770 
905310 

905850 
906389 
906927 
907465 
908002 

903x99 
903741 
904283 
904824 
905364 

905904 
906443 
906981 
907519 
908056 

903253 
903795 

904337 
904878 
905418 

905958 
906497 
907035 

907573 
908110 

903307 
903849 
904391 
904932 
905472 

9060x2 

906551 

907ok9 

907626 
908163 

903361 
903904 
904445 
904986 
905526 

906066 
906604 
907x43 
907680 
908217 

903416 
903958 
904499 
905040 
905580 

906119 
906658 
907196 

9077H 
908270 

903470 
904012 

904553 

905094 
905634 

906173 
9067x2 
907250 

907787 
908324 

903524 
904066 
904607 
905148 
905688 

906227 
906766 
907304 
907841 
908378 

903578 
904120 
904661 
905202 
905742 

906281 
906820 

907358 
907895 

90843X 

54 
54 
54 
54 

54 

54 
54 
54 

54 
54 

908485 
909021 
909556 
<9ioo9x 
910624 

911158 
911690 

912222 

91*753 
913284 

908539 
909074 
909610 
910144 
910678 

91T21X 

911743 
912275 

912806 
913337 

908592 
909128 
909663 
910197 

910731 
9 I 1264 

911797 
912328 
912859 

913390 

908646 
909181 
909716 
9 1025 I 

910784 

911317 
911850 
912381 
912913 

913443 

908699 
909235 
909770 
910304 
910838 

911371 
911903 

91*435 
912966 

913496 

908753 
909289 
909823 
910358 
9 1089 X 

91x424 

911956 
912488 
913019 

913549 

908807 
909342 
909877 
91041 X 
910944 

91x477 
912009 
912541 
913072 
913602 

908860 
909396 
909930 
910464 
910998 

911530 
912063 
912594 

9131*5 
913655 

908914 
909449 
909984 
9x0518 
91 105 I 

911584 
912116 
912647 

913178 
913708 

908967 
909503 
910037 
910571 
911104 

91x637 
912169 
912700 

913*3' 
913761 

54 

54 
53 
53 
53 

53 
53 
53 
53 
53 

820 
821 
822 
823 
821 

825 

826 
827 
828 
829 

913814 

914343 
914872 

915400 
915927 

916454 
916980 

917506 

918030 

918555 

913867 
914396 
914925 

915453 
915980 

916507 
917033 

917558 
918083 
918607 

913920 

914449 
914977 

915505 
916033 

916559 
917085 
917611 
918135 
918659 

913973 
914502 

915030 

915558 
916085 

916612 

917138 
917663 

918188 

918712 

914026 

914555 
915083 

915611 

916x38 

9x6664 
9x7190 
9x7716 
918240 
918764 

914079 
914608 

915136 
9 1 5664 

916191 

916717 
917243 
917768 
91S293 
918816 

91413* 
914660 

915x89 

915716 
916243 

916770 
9x7295 
917820 
918345 
918869 

9x4184 

9H7I3 
9x5241 

915769 

9x6296 

916822 

917348 
917873 
918397 
918921 

914237 
914766 
915294 
915822 
916349 

916875 
917400 

917925 

9x8450 

918973 

914290 

914819 

9»5347 

9»5875 
91640X 

916927 

917453 
917978 
918502 
919026 

53 
53 
53 
53 
53 

53 
53 
5* 
5» 
5* 

D. 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8     »  1 

D.   133456789 

52  5   xo  i6  21  i6  31  36  42  47 

53  5   II  x6  21  26  32  37  42  48 

54  5   IX  16  22  27  32  38  43  49 

D.   1   2   3   4   5   6 

55  5   IX  16  22  27  33 

56  6   II  17  22  28  34 

7   8 

38  44 

39  45 

9 

49 
50 

TABLE  64 
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LOGARITHMS  OF  NUMBERS                    1 

No.  8300  to  8849                 Log.  919078  to  946894 

No. 

0 

12      3     4      5 

6     7 

8 

9 

D. 

830 

919078 

919130 

919183 

919235 

919287 

919340 

919392 

919444 

919496 

919549 

5* 

831 

919601 

919653 

919706 

919758 

919810 

919862 

919914 

919967 

920019 

92007 1 

5* 

832 

920123 

920176 

920228 

920280 

920332 

920384 

920436 

920489 

920541 

920593 

5* 

833 

920645 

920697 

920749 

920801 

920853 

920906 

920958 

921010 

921062 

921 I 14 

5* 

834 

921166 

921218 

921270 

921322 

921374 

921426 

921478 

921530 

921582 

921634 

5* 

835 

921686 

921738 

921790 

921842 

921894 

921946 

921998 

922050 

922102 

922154 

5* 

836 

922206 

922258 

922310 

922362 

922414 

922466 

922518 

922570 

922622 

922674 

5* 

837 

922725 

922777 

922829 

922881 

922933 

922985 

9*3037 

923089 

923140 

923192 

5* 

838 

923244. 

923296 

9*3348 

923399 

923451 

923503 

9*3555 

923607 

9*3658 

923710 

5* 

839 

92'?762 

923814 

923865 

923917 

9*3969 

924021 

924072 

924124 

924176 

924228 

5* 

840 

924279 

924331 

924383 

924434 

924486 

9*4538 

924589 

924641 

924693 

924744 

5* 

841 

924796 

924848 

924899 

924951 

925003 

925054 

925106 

9*5157 

925209 

925261 

5* 

842 

925312 

9*5364 

925415 

925467 

925518 

9*5570 

925621 

925673 

9*57*5 

925776 

5* 

843 

925828 

925879 

9*593 « 

925982 

926034 

926085 

926137 

926188 

926240 

926291 

51 

844 

926342 

926394 

926445 

926497 

926548 

926600 

926651 

926702 

926754 

926805 

51 

845 

926857 

926908 

926959 

927011 

927062 

927114 

927165 

927216 

927268 

927319 

51 

846 

927370 

927422 

927473 

927524 

9*7576 

927627 

927678 

9*7730 

927781 

927832 

51 

847 

927883 

9»7935 

927986 

928037 

^928088 

928140 

928191 

928242 

928293 

9*8345 

51 

848 

928396 

928447 

928498 

9*8549 

928601 

928652 

928703 

928754 

928805 

9*8857 

51 

849 

92890S 

928959 

929010 

929061 

929112 

9*9163 

929215 

929266 

929317 

929368 

51 

850 

929419 

929470 

929521 

929572 

929623 

929674 

929725 

9*9776 

929827 

929879 

5* 

851 

929930 

929981 

930032 

930083 

930134 

930185 

930236 

930287 

930338 

930389 

51 

852 

930440 

930491 

930542 

930592 

930643 

930694 

930745 

930796 

930847 

930898 

51 

853 

930949 

931000 

931051 

931102 

93"53 

93 1203 

931254 

931305 

931356 

931407 

51 

854 

931458 

931509 

931560 

931610 

931661 

931712 

931763 

931814 

931865 

93>9»5 

5« 

855 

931966 

932017 

932068 

932118 

932169 

932220 

93**71 

93*3** 

932372 

932423 

51 

856 

932474 

932524 

93*575 

932626 

932677 

93*7*7 

93*778 

932829 

93*879 

93*930 

5» 

857 

932981 

933031 

933082 

933133 

933183 

933*34 

933*85 

933335 

933386 

933437 

51 

858 

933487 

933538 

933589 

933639 

933690 

933740 

93379» 

933841 

933892 

933943 

51 

859 
860 

933993 

934044 

934094 

934145 

934195 

934246 

934296 

934347 

934397 

934448 

51 

934498 

934549 

934599 

934650 

934700 

934751* 

934801 

93485* 

934902 

934953 

50 

861 

935003 

935054 

935104 

935»54 

935*05 

935*55 

935306 

935356 

935406 

935457 

50 

862 

935507 

935558 

935608 

935658 

935709 

935759 

935809 

935860 

935910 

935960 

50 

863 

93601 1 

936061 

936111 

936162 

936212 

936262 

936313 

936363 

936413 

936463 

50 

864 

936514 

936564 

936614 

936665 

936715 

936765 

936815 

936865 

936916 

936966 

50 

865 

937016 

937066 

937117 

937167 

937217 

937267 

937317 

937367 

937418 

937468 

50 

866 

937518 

937568 

937618 

937668 

937718 

937769 

937819 

937869 

9379»9 

937969 

50 

867 

938019 

938069 

938119 

938169 

938219 

938269 

938319 

938370 

938420 

938470 

50 

868 

938520 

938570 

938620 

938670 

938720 

938770 

938820 

938870 

938920 

938970 

50 

869 

939020 

939070 

939120 

939170 

939220 

939*70 

939320 

939369 

939419 

939469 

50 

870 

9395*9 

939569 

939619 

939669 

939719 

939769 

939819 

939869 

939918 

939968 

50 

871 

940018 

940068 

940118 

940168 

940218 

940267 

940317 

940367 

940417 

940467 

50 

872 

940516 

940566 

940616 

940666 

940716 

940765 

940815 

940865 

940915 

940964 

50 

873 

941014 

941064 

94"  14 

941163 

941*13 

941263 

941313 

941362 

941412 

941462 

50 

874 

941511 

941561 

941611 

941669 

941710 

941760 

941809 

941859 

941909 

941958 

50 

875 

942008 

942058 

942107 

942157 

942207 

942256 

942306 

94*355 

942405 

94*455 

50 

876 

942504 

94*554 

942603 

942653 

9^,2702 

942752 

942801 

942851 

942901 

941950 

50 

877 

943000 

943049 

943099 

943148 

943198 

943*47 

943*97 

943346 

943396 

943445 

49 

878 

943495 

943544 

943593 

943643 

943692 

943742 

943791 

943841 

943890 

943939 

49 

879 

943989 

944038 

944C88 

944137 

944186 

944*36 

944*85 

944335 

944384 

944433 

49 

880 

944483 

94453* 

944581 

944631 

944680 

^7*9 

944779 

944828 

944877 

9449*7 

49 

881 

944976 

945025 

945074 

945124 

945173 

945212 

945*7* 

9453*1 

945370 

945419 

49 

882 

945469 

945518 

945567 

945616 

945665 

945715 

945764 

945813 

945862 

945911 

49 

883 

945961 

946010 

946059 

946108 

946157 

946207 

946256 

946305 

946354 

946403 

49 

884 

946452 

946501 

946551 

946600 

946649 

946698 

946747 

946796 

946845 

946894 

49 

No. 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

D.   123456789 

D.   123456789 

49   5   lo  15  ao  24  29  34  39  44 

51   5   10  15  20  25  31  36  41  46 

50   5   10  15  20  25  30  35  40  45 

52   5   10  16  21  26  31  36  42  47 
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TABLE   64 


LOGARITHMS  OF  NUMBERS 

No.  8850  to  9399                  Log.  946943  to  973082 

No. 

885 
886 
887 
888 
889 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

49 
49 
49 
49 
49 

49 
49 
49 
49 
49 
48 

48 
48 
48 
48 

48 
48 
48 
48 
48 

48 
48 
48 
48 
48 

946943 

947434 
947924 

948413 

948902 

946992 
947483 

9+7973 
948462 

948951 

947041 

94755* 
948022 

9485 1 1 

948999 

947090 
947581 
948070 
948560 
949048 

947140 

947630 
948 1 I 9 
948609 
949097 

947189 
947679 
948168 
948657 
949146 

947238 
947728 
948217 
948706 
949195 

947287 

,947777 
948266 

948755 
949244 

947336 
947826 

948S15 
948804 

949292 

947385 

947875 
948364 

948853 
949341 

890 
891 
892 
393 
804 

895 
396 
897 
898 
899 

949390 
949878 
950365 
950851 
95>338 
951823 
952308 
952792 
953276 
953760 

949439 
949926 

950414 

950900 

951386 

951872 
952356 
952841 
9533*5 
953808 

949488 

949975 
950462 

950949 

95H35 
951920 
952405 
952889 

953373 
953856 

949536 
950024 
950511 
950997 

951483 
951969 

95*453 
952938 

953421 

953905 

949585 
950073 
950560 
951C46 

95*53* 
952017 

95*50* 
952986 

953470 
953953 

949634 
950121 

950608 

95>095 
951580 

952066 
952550 
953034 
9535>8 
954001 

949683 
950170 

950657 

9S»H3 
951629 

952114 

95*599 
953083 

953566 
954049 

949731 
950219 
950706 
951192 

951677 
952163 
952647 
953131 

953615 
954098 

949780 
950267 

950754 
951240 

951726 

952211 
952696 
953180 

953663 
954146 

949829 
950316 
95c8c3 
951289 

951775 
95226c 

952744 
953228 

953711 
954194 

900 
901 
902 
903 
904 

905 
006 
907 
908 
909 

954243 

9547*5 
955207 

955688 

956168 

956649 
957128 
957607 
958086 
958564 

954291 

954773 
955*55 
955736 
956216 

956697 
957176 

957655 
958134 

958612 

954339 
954821 

955303 

955784 
956265 

956745 
957224 

957703 
958181 

958659 

954387 
954869 

95535' 

95583* 
956313 

956793 

957*7* 

957751 
958229 

958707 

954435 
954918 

955399 
955880 

956361 
956840 
9573*0 
957799 
958*77 
958755 

954484 
954966 

955447 
955928 

956409 
956888 
957368 

957847 

9583*5 
958803 

95453* 
955014 

955495 
955976 

956457 

956936 
957416 

957894 

958373 
958850 

954580 
955062 

955543 
956024 

956505 
956984 
957464 

95794* 
958421 

958898 

954628 
955110 

95559* 
956072 

956553 
957032 
957512 

957990 
958468 
958946 

954677 
955158 
955640 

956120 
95660] 

957080 

957559 
958038 

958516 

958994 

910 
911 
912 
913 
914 

915 
916 
917 
918 
919 

920 
921 
922 
923 
924 

925 
926 
927 
928 
929 

930 
931 
932 
933 
934 

935 
036 
*»*7 
:;38 
939 

959041 
959518 

959995 
960471 

960946 

96 142 I 
961895 
962369 
962843 
963316 

959089 
959566 
960042 
960518 
960994 

96 1469 
961943 
962417 
962890 

963363 

959137 
959614 
960090 
960566 
961041 

961516 
961990 
962464 
962937 
963410 

959185 
959661 
960138 
960613 
961089 

96156^ 
962038 
96251 1 
962985 

963457 

959232 
959709 
960185 
960661 
961136 

961611 
962085 

96*559 
963032 

963504 

959280 

959757 
960233 

960709 

961184 

961658 
962132 
962606 
963079 
963552 

959328 
959804 
960280 
960756 
961231 

961706 
962180 
962653 
963126 

963599 

959375 

95985* 
960328 

960804 

961279 

961753 
962227 
962701 
963174 
963646 

959423 
959900 

960376 

960851 

961326 

961801 
962275 
962748 
963221 

963693 

959471 
959947 
960423 

960899 

961374 
96184S 
962322 

962795 
963268 

963741 

48 
48 
48 
48 
47 

47 
47 

47 

47 

963788 
964260 
964731 
965202 
965672 

966142 
96661 1 
967080 
967548 
968016 

963835 
964307 
964778 
965249 
965719 

966189 
966658 
967127 

967595 
968062 

963882 

964354 
964825 

965296 

965766 

966236 
966705 
967173 
967642 
968109 

9639*9 
964401 

964872 

965343 
965813 

966283 
966752 
967220 
967688 
968156 

963977 
964448 
964919 
965390 
965860 

966329 

966799 
967267 

967735 
968203 

964024 
964495 
964966 

9^5437 
965907 

966376 
966845 

967314 
967782 

968249 

964071 
964542 
965013 
965484 
965954 
966423 
966892 
967361 
967829 
968296 

964118 

964590 
965061 

96553* 
966001 

966470 
966939 
967408 

967875 
968343 

964165 

964637 
965108 
965578 
966048 

966517 
966986 
967454 
967922 
968390 

964212 
964684 

965155 
965625 

966095 

966564 
967033 
967501 
967969 
968436 

47 
47 
47 
47 
47 

47 
47 
47 
47 
47 

968483 
968950 
969416 
969882 

970347 
970812 
971276 
971740 
972203 
972666 

968530 
968996 
969463 
969928 

970393 
970858 

97132* 
971786 

97**49 
972712 

968576 

969043 
969509 

969975 
970440 

970904 
971369 
971832 
972295 
972758 

968623 
969090 

969556 
97002 1 
970486 

970951 

971415 
971879 

972342 

972804 

968670 
969136 
969602 
970068 

970533 

970997 
97 146 I 

971925 

972388 

97*851 

968716 
969183 
969649 
970114 

970579 
971044 
971508 
971971 
972434 
972897 

968763 
969229 

969695 
970161 

970626 

971090 

971554 
972018 
972481 

97*943 

968810 
969276 
969742 
970207 
970672 

971137 
971601 

972064 

972527 
972989 

968856 

969323 
969789 

970254 

970719 
971183 
971647 
972110 
972573 
973035 

968903 
969369 
969835 
970300 
970765 

971229 
971693 

972157 
972619 

973082 

47 
47 
47 
47 
46 

46 
46 
46 
46 

li 

D. 

No. 

0      1 

2 

3 

4 

5 

6 

7     8     9 

D.   123456789 

46  5   9   14  18  23  28  32  37  41 

47  5   9   14  19  23  28  33  38  42 

D.   1   2   3   4   5   6   7   8 

48  5   10  14  19  24  29  34  38  ^ 

49  5   10  15  20  24  29  34  39  ^ 

9 

^4 

• 
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LOGARITHMS  OF  NUMBERS 

No.  9400  to  9949                 Log.  973128  to  997779 

No. 
940 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

973128 

973 « 74 

973220 

973266 

9733'3 

973359 

973405 

973451 

973497 

973543 

46 

941 

973590 

973636 

973682 

973728 

973774 

973820 

973866 

973913 

973959 

974005 

46 

942 

974051 

974097 

974H3 

974189 

974235 

974281 

974327 

974374 

974420 

974466 

46 

943 

9745 '» 

974558 

974604 

974650 

974696 

974742 

974788 

974834 

974880 

974926 

46 

944 

974972 

975018 

975064 

975110 

975156 

975202 

975248 

975294 

975340 

975386 

46 

945 

975432t 

975478 

9755»4 

975570 

975616 

975662 

975707 

975753 

975799 

975*45 

46 

946 

975891 

975937 

975983 
976442 

976029 

976075 

976121 

976167 

976212 

976258 

976304 

46 

94J 

976350 

976396 

976488 

976533 

976579 

976625 

976671 

976717 

976763 

46 

948 

976808 

976854 

976900 

976946 

976992 

977037 

977083 

977129 

97717s 

977220 

4« 

949 

977266 

977312 

977358 

977403 

977449 

977495 

977541 

977586 

977632 

977678 

46 

950 

977724 

977769 

977815 

977861 

977906 

977952 

977998 

978043 

978089 

978135 

46 

951 

978181 

978226 

978272 

978317 

978363 

978409 

978454 

978500 

978546 

978591 

46 

952 

978637 

978683 

978728 

978774 

978819 

978865 1 97891 I 

978956 

979002 

979047 

46 

953 

979093 

979138 

979184 

979230 

979275 

979321.979366 

979412 

979457 

979503 

46 

954 

97954-8 

979594- 

979639 

979685 

979730 

979776 

979821 

979867 

979912 

979958 

46 

955 

980003 

980049 

980094 

980140 

980185 

980231 

980276 

980322 

980367 

980412 

45 

956 

980458 

980503 

980549 

980594 

980640 

980685 

980730 

980776 

980821 

980867 

45 

957 

980912 

980957 

981003 

981048 

981093 

981139 

98 1 184 

981229 

981275 

981320 

45 

958 

981366 

98 141 1 

981456 

981501 

981547 

981592 

981637 

981683 

981728 

981773 

45 

959 
960 

981819 

981864 

981909 

981954 

982000 

982045 

982090 

982135 

982181 

982226 

45 

982271 

982316 

982362 

9^2407 

982452 

9«2497 

982543 

982588 

982633 j 

982678 

45 

961 

982723 

982769 

982814 

982859 

982904  982949 

982994 

983040 

983085 

983130 

45 

962 

983175 

983220 

9«3*65 

983310 

983356 

983401 

983446 

983491 

983536 

983581 

45 

963 

983626 

9*3671 

983716  983762 

9«38o7 

983852 

9^3897 

983942 

9S39S7 

984032 

45 

964 

984077 

984122 

984167 

984212 

984257 

984302 

984347 

984392 

984437 

984482 

45 

955 

984527 

98457a 

984617 

984662 

9*4707 

984752 

984797 

984842 

984887 

984932 

45 

966 

984977 

985022 

985067 

985112 

985157 

985202 

985247 

985292 

985337 

985382 

45 

967 

985426 

985471 

985516 

985561 

98  5606 

985651 

985696 

985741 

985786 

985830 

45 

968 

985875 

985920 

985965 

986010 

986055 

986100 

986144 

986189 

986234 

986279 

45 

969 
870 

986324 

986369 

986413 

986458 

986503 

986548 

986593 

986637 

986682 

986727 

45 
45 

986772 

986817 

986861 

986906 

986951 

986996 

987040 

987085 

957130 

987175 

971 

987219 

987264 

9*7309 

987353 

987398 

987443 

987488 

987532 

987577 

987622 

45 

972 

987666 

987711 

987756 

987800 

987845 

987890 

987934 

987979 

988024 

98S068 

45 

973 

988113 

988157 

988202 

988247 

988291 

988336 

988381 

988425 

988470 

988514 

45 

974 

988559 

988604 

988648 

988693 

988737 

988782 

988826 

988871 

988916 

988960 

45 

975 

989005 

989049 

989094 

989138 

989183 

989227 

989272 

989316 

989361 

989405 

45 

976 

98945c 

989494 

989539 

989583 

989628 

989672 

989717 

989761 

989806 

989850 

44 

977 

989895 

989939 

989983 

990028 

990072 

990117 

990161 

990206 

990250 

990294 

44 

978 

990339 

990383 

990428 

990472 

990516 

990561 

990605 

990650 

990694 

990738 

44 

979 

990783 

990827 

990871 

990916 

990960 

991004 

991049 

991093 

991137 

991182 

44 

980 

991226 

991270 

991315 

991359 

991403 

991448 

991492 

991536 

991580 

991625 

44 

1^81 

991669 

991713 

991758 

9918021 

991846 

991890 

991935 

991979 

992023 

992067 

44 

982 

9921 11 

992156 

992200 

992244 

992288 

992333 

992377 

992421 

992465 

992509 

44 

983 

99*554 

992598 

992642 

992686 

992730 

992774 

992819 

992863  992907 j 

992951 

44 

984 

992995 

993039 

993083 

993127 

993172 

993216 

993260 

993304 

993348 

993392 

44 

985 

993436 

993480 

993524 

993568 

993613 

993657 

993701 

993745 

993789 

993S33 

44 

986 

993877 

993921 

993965 

994009 

994053 

994097 

994141 

994185 

994229 

994273 

44 

987 

994317 

994361 

994405 

994449 

994493 

994537 

994581 

994625 

994669 

994713 

44 

988 

994757 

994801 

994845 

994889 

994933 

994977 

995021 

995065 

995108 

995152 

44 

989 
990 

995196 

995240 

995284 

995328 

99S372 

995416 

995460 

995504 

99s 547 

995591 

44 

995635 

995679 

995723 

995767 

995811 

995854 

995S98 

995942 

995986 

996030 

44 

991 

996074 

996117 

996161 

996205 

996249 

996293 

996337 

996380 

996424 

996468 

44 

992 

996512 

99655s 

996599 

996643 

996687 

996731 

996774 

996818 

996S62 

996907 

44 

993 

996949 

996993 

997037 

997080 

997124 

997168 

997212 

997255 

997299 

997343 

44 

994 

997386 

997430 

997474 

997517 

997561 

997605 

997648 

997692 

997736 

997779 

44 
D. 

No. 

0 

1 

2     3 

4      5 

6 

7     8 

9 

D.   123456789 

D.   123456789 

44   4   9   13  j$     22  26  31  35  40 

46   5   9   14  18  23  28  32  37  41 

45 

4   9   13  »  22  27  31  36  40 
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TABLB  64 

LOGARITHMS  OF  NUMBERS 

No.  9950  to  9999                                         Log.  997823  to  999957 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

D. 

995 
996 
997 
998 
999 

997823 
998259 
998695 
999131 
999565 

997867 

998303 

998739 
999174 

999609 

997910 

998347 
998782 

999218 
99965a 

997954 
998390 
998826 
999261 
999696 

997998 

998434 
998869 

999305 
999739 

998041 
998477 
998913 
999348 
999783 

998085 
998521 
998956 
999392 
999826 

998129 
998564 
999000 

999435 
999870 

998172 
998608 

999043 

999479 
999913 

998216 
99865a 
999087 
99952a 

999957 

44 
44 
44 
44 
43 

D. 

No. 

0 

1 

2 

8 

4 

5 

6 

7 

8 

9 

D.      ]9S46«789 
43      4      9      13     17    ai    26    30    34    39 

D.      123456769 

44      4      9      13     x8    aa    a6     31     35    40 
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LOG.  SINES,  COSINES,  &c.  TO  QUARTER  POINTS.                     1 

Points. 

Sine. 

COMC. 

Tangent. 

Cotang. 

Secant 

Cosine. 

Points. 

0 

Of 

1 

OO 

8*690796 
8*991302 
9*166520 
9-290236 

Infinite. 
11-309204 
11*008698 
10*833480 
10-709764 

—  00 

8*691319 

8*993398 
9*171247 

9*298662 

Infinite. 
11-308681 
11-006602 
10-828753 
10-701338 

10-000000 
io'ooo523 
10*002096 
10-004726 
10*008426 

10*000000 

9*999477 
9-997904 

9-995274 

9*991574 

8 
7» 

7k 

n 
7 

2 

9  385571 
9-462824 

9*  517488 
9' «;  82  840 

10*614429 
10-537176 
10-472512 
iO'4i7i6o 

9-398785 
9*481939 
9*553647 
9-617224 

10*601215 
10*518061 
10-446353 
10*382776 

10*013214 
10*019115 
10*026159 
10*034385 

9*986786 
9-980885 
9*973841 
9*965615 

6|  . 

6* 
6 

2i 

ti 

3 

9*630992 
9-673387 
9*711050 

9' 7447  39 

10*369008 
10*326613 
10*288950 
10*255261 

9-674829 

9-727957 
^-777700 
9-824893 

10-325171 
10-272043 
10-222300 
10-175107 

10*043837 
10-0.54570 
10-066650 
10-080154 

9-956163 
9-945430 

9*933350 
9*919846 

3 

5 

4 

9-775027 
9-802359 
9-827084 
9*849485 

10*224973 
10-197641 
10*172916 
10' 1 505 15 

9-870199 

9-914173 
9-957295 

10*000000 

10*129801 
10-085827 
10-042705 

lO'OOOOOO 

10*095172 
10-111815 
10-130210 
10-150515 

9*904828 
9*888185 
9*869790 
9-849485 

4> 

4 

Cosine. 

Secant. 

Cotanff. 

Tangent. 

Cosec. 

Sine. 

680 

t 

TABLE 

66 

LOG.  SINES  OF  SMALL  ARCS  TO  EACH  SECOND 

// 

0*  0' 

0«  V 

0°  2* 

O'^  3' 

0°  4' 

(f  6' 

0*»  6* 

^  r 

0^  8' 

0*»9' 

// 

6* 

6- 

7' 

T 

r 

T 

r 

r 

0 

—  00 

46373 

76476 

6-94085 

06579 

16270 

24188 

30882 

36682 

4»797 

60 

1 

4-68557 

47090 

76836 

694325 

06759 

16414 

24308 

30986 

36772 

41877 

59 

2 

4*98660 

47797 

77193 

694565 

06939 

16558 

24428 

31089 

36862 

4>957 

58 

3 

5*16270 

48492 

77548 

6*94803 

07118 

16702 

24548 

31191 

36952 

42037 

67 

4 

5*28763 

49 '7  5 

77900 

6-95039 

07296 

16845 

24668 

31294 

37042 

42117 

66 

6 

5-38454 

49849 

78248 

6*95275 

07474 

16987 

24787 

31396 

37132 

42197 

55 

e 

5-46373 

50512 

78595 

6*95509 

07651 

17130 

24906 

31498 

37*21 

42277 

54 

7 

5*53067 

51165 

78938 

6-95742 

07827 

17271 

25024 

31600 

37310 

42356 

63 

8 

5*58866 

51808 

79278 

6*95973 

08003 

>74i3 

25142 

31702 

37399 

42435 

53 

9 
10 

5*63982 

52442 

79616 

6*96204 

08177 

"7553 

25260 

31803 

37488 

42515 

51 

5-68557 

53067 

7995* 

6*96433 

08351 

17694 

25378 

3>904 

37577 

42594 

6e 

U 

5*72697 

53683 

80285 

6-96661 

08525 

17834 

25495 

32005 

37666 

42673 

49 

12 

5*76476 

54291 

80615 

6*96888 

08698 

17973 

25612 

32106 

37754 

42751 

48 

13 

5*79952 

54890 

80943 

6*97113 

08870 

18112 

25728 

32206 

37842 

42830 

47 

U 

5*83170 

55481 

81268 

6*97338 

09041 

18250 

25845 

32306 

37930 

42908 

46 

15 

5*86167 

56064 

81591 

6*97561 

09211 

18389 

25961 

32406 

38018 

42987 

45 

10 

5-88969 

56639 

81911 

6-97783 

09381 

18526 

26076 

32506 

38106 

43065 

44 

17 

5*91602 

57207 

82230 

6*98004 

09551 

18663 

26192 

32606 

38193 

43143 

43 

18 

5*94085 

57767 

82545 

6*98224 

09719 

18800 

26307 

32705 

38280 

43221 

42 

l!i 
20 

5-96433 

58320 

82859 

6-98443 

09887 

"8937 

26421 

32804 

38367 

43299 

41 

5*98660 

58866 

83170 

6*98660 

10055 

19072 

26536 

32903 

38454 

43376 

40 

21 

6*00779 

59406 

83479 

6*98877 

102  22 

19208 

26650 

33001 

3854' 

43454 

39 

22 

6*02800 

59939 

83786 

6*99093 

10388 

'9343 

26764 

33100 

38628 

4353> 

38 

23 

6*04730 

60465 

84091 

6*99307 

10553 

19478 

26877 

33198 

38714 

43608 

37 

24 

6*06579 

60985 

84394 

6*99520 

10718 

19612 

26991 

33296 

38800 

43685 

36 

25 

6*08351 

61499 

84694 

6*99733 

10882 

19746 

27104 

33393 

38S87 

43762 

36 

26 

6*10055 

62007 

84993 

6*99944 

11046 

19879 

27216 

3349» 

38972 

43839 

34 

27 

6- 1 1694 

62509 

85289 

7*00155 

11209 

20012 

27329 

33588 

39058 

43916 

33 

2« 

613273 

63006 

85584 

7*00364 

11371 

20145 

27441 

33685 

39144 

43992 

32 

29 
30 

6*14797 

63496 

85876 

7*00572 

11533 

20277 

27552 

33782 

39229 

44069 

31 

6*16270 

63982 

86167 

7-00779 

11694 

20409 

27664 

33879 

393«4 

44«45 

30 

31 

6*17694 

64462 

86455 

7*00986 

11854 

20540 

27775 

33975 

39400 

44221 

29 

32 

6*19072 

64936 

86742 

7-01191 

12014 

20671 

27886 

34071 

39484 

44297 

28 

33 

6*20409 

65406 

87027 

7*01395 

12174 

20802 

27997 

34167 

39569 

44373 

27 

34 

6*21705 

65870 

87310 

7-01599 

12333 

20932 

28107 

34263 

39654 

44449 

26 

35 

6*22964 

66330 

87591 

7*oi8oi 

1249 1 

21062 

28217 

34359 

39738 

44524 

25 

36 

6-24188 

66785 

87870 

7*02003 

12648 

21191 

28327 

34454 

39822 

44600 

24 

37 

6-25378 

67235 

88147 

7-02203 

12805 

21320 

28437 

34549 

39906 

44675 

23 

38 

6*26536 

67680 

88423 

7*02403 

12962 

21449 

28546 

34644 

39990 

44750 

22 

39 

6*27664 

68121 

88697 

7*02602 

I3I18 

21577 

28655 

34739 

40074 

44825 

21 
20 

40 

628763 

68557 

88969 

7*02800 

>3i73 

21705 

28763 

34833 

40158 

44900 

41 

6*29836 

68990 

89240 

7*02997 

13428 

21833 

28872 

34928 

40241 

44975 

19 

42 

6-30882 

69418 

89509 

7-03193 

13582 

21960 

28980 

35022 

40324 

45050 

18 

43 

6*31904 

69841 

89776 

7*03388 

13736 

22087 

29088 

35116 

40408 

45124 

17 

44 

6*32903 

70261 

90042 

7-03582 

13889 

22213 

29196 

35209 

40491 

45»99 

16 

45 

6.33879 

70676 

90306 

7-03776 

14042 

22339 

29303 

35303 

40573 

45273 

15 

46 

6*34833 

71088 

90568 

7-03968 

14194 

22465 

29410 

35396 

40656 

45347 

14 

47 

6*35767 

71496 

90829 

7-04160 

14346 

22590 

29517 

35489 

40739 

45421 

13 

48 

6*36682 

71900 

91088 

7-04351 

14497 

22715 

29623 

35582 

40821 

45495 

12 

•19 

6*37577 

723C0 

91346 

7-04541 

14647 

2284.0 

29730 

35675 

40903 

45569 

11 

50 

638454 

72697 

91602 

7-04730 

»4797 

22964 

29836 

35767 

40985 

45643 

10 

51 

6*39315 

73090 

91857 

7*04919 

H947 

23088 

29942 

35860 

41067 

45716 

9 

52 

6-40158 

73479 

92110 

7*05106 

15096 

23212 

30047 

35952 

41149 

45790 

8 

53 

6*40985 

73865 

92362 

7*05293 

15244 

2333'; 

30152 

36044 

41230 

45863 

7 

54 

641797 

74248 

92612 

7*05479 

15392 

23458 

30257 

36135 

41312 

45936 

6 

65 

6*42594 

74627 

92861 

7*05664 

15540 

23580 

30362 

36227 

41393 

46009 

6 

56 

6*43376 

75003 

93109 

7-05849 

15687 

23702 

30467 

36318 

41474 

46082 

4 

57 

6-44145 

7S376 

93355 

7-06032 

"5833 

23824 

30571 

36409 

41555 

46155 

S 

58 

6-44900 

75746 

93599 

7-06215 

>5979 

23946 

30675 

36500 

41636 

46228 

2 

59 

6-45643 

76112 

93843 

7-06397 

16125 

24067 

30779 

36591 

41716 

46300 

1 

61) 
// 

6*46373 

76476 

94085 

706579 

16270 

24188 

30882 

36682 

4'797 
89^  51' 

46373 

0 

«!i°  59' 

89^  58' 

89'  67' 

89"  56' 

89^  60 

89°  54' 

89^  53* 

89°  52^ 

Cosine 

^^ 

TABLE  6fl 

) 
► 

681 

LOG.  SINES  OP  SMALL  ARCS  TO  EACH  SECOND 

// 

0°  10' 

0°  ir 

Sf   12' 

0°  13' 

0*»  14' 

0*»  15' 

0°  16' 

0°  \r 

0°  18* 

0°  19' 

// 

T 

/ 

m% 

r 

r 

T 

r 

r 

T 

r 

0 

46373 

50512 

54291 

57767 

60985 

63982 

66784 

69417 

71900 

74248 

60 

1 

46445 

50578 

54351 

57822 

61037 

64030 

66830 

69460 

71940 

-4286 

59 

2 

46517 

50643 

5441 L 

57878 

61089 

64c;' 8 

66875 

69502 

71980 

74324 

58 

3 

46589 

50709 

54471 

57934 

61 140 

64126 

66920 

69545 

72020 

74362 

57 

4 

46661 

50774 

54531 

57989 

61192 

64174 

66965 

69587 

72060 

74400 

56 

5 

46733 

50840 

5459  > 

58044 

61243 

64222 

67010 

69630 

72100 

74438 

55 

6 

46805 

50905 

54651 

58100 

61294 

64270 

67055 

69672 

72140 

74476 

54 

7 

46876 

50970 

5471 » 

58155 

61346 

64318 

67100 

69714 

72180 

74514 

53 

8 

46948 

51035 

5477  > 

58210 

61397 

64366 

67145 

69757 

72220 

74551 

52 

9 

47019 

51100 

54830 

58265 

61448 

64414 

67190 

69799 

72260 

74589 

51 

10 

47090 

51165 

54890 

58320 

61499 

64461 

67234 

69841 

72300 

74627 

50 

11 

4716a 

51230 

54949 

58375 

61550 

64509 

67279 

69883 

72340 

74665 

49 

12 

47233 

51294 

55008 

58430 

61601 

64557 

67324 

69925 

72380 

74703 

48 

13 

47303 

5»359 

55068 

58485 

61652 

64604 

67369 

69967 

724x9 

74740 

47 

14 

47374 

51423 

55"7 

58539 

6x703 

64652 

67413 

70009 

72459 

74778 

46 

15 

47445 

51488 

55186 

58594 

6x754 

64699 

67458 

70051 

72499 

748x5 

45 

16 

475>5 

5155* 

55245 

58649 

61805 

64747 

67502 

70093 

72538 

74853 

44 

17 

47586 

51616 

55304 

58703 

61855 

64794 

67547 

70135 

72578 

74891 

43 

18 

47656 

51680 

55363 

58758 

61906 

64842 

67591 

70177 

72618 

74928 

42 

19 
2U 

47726 

5>744 

55422 

58812 

61957 

64889 

67636 

70219 

72657 

74966 

41 

47797 

51808 

55481 

58866 

62007 

64936 

67680 

70261 

72697 

75003 

40 

21 

47867 

51872 

55539 

58921 

62058 

64983 

67724 

70302 

72736 

75040 

39 

22 

47936 

51936 

55598 

58975 

62108 

65030 

67768 

70344 

72775 

75078 

38 

23 

48006 

51999 

55656 

59029 

62158 

65078 

67813 

70386 

72815 

75115 

87 

24 

48076 

52063 

55715 

59083 

62209 

65125 

67857 

70427 

72854 

75153 

36 

25 

48145 

52126 

55773 

59137 

62259 

65172 

67901 

70469 

72894 

75190 

35 

26 

48215 

52190 

55831 

59191 

62309 

65218 

67945 

70510 

72933 

75227 

34 

27 

48284 

52253 

55889 

59245 

62359 

65265 

67989 

70552 

72972 

75264 

33 

28 

48353 

52316 

55948 

59299 

62409 

65312 

68033 

70593 

73011 

75302 

32 

29 
30 

48422 

52379 

56006 

59352 

62459 

65359 

68077 

70635 

73050 

75339 

31 

48491 

52442 

56064 

59406 

62509 

65406 

68121 

70676 

73090 

75376 

30 

31 

48560 

52505 

56121 

59459 

62559 

65452 

68165 

70718 

73129 

75413 

29 

32 

48629 

52568 

56179 

59513 

62609 

65499 

68208 

70759 

73168 

75450 

28 

33 

4869S 

52631 

56237 

59566 

62659 

65545 

68252 

70800 

73207 

75487 

27 

34 

48766 

52693 

56295 

59620 

62708 

65592 

68296 

70841 

73246 

75524 

26 

35 

48835 

52756 

56352 

59673 

62758 

65638 

68340 

70883 

73285 

75561 

25 

36 

48903 

52818 

56410 

59726 

62808 

65685 

68383 

70924 

73324 

75598 

24 

37 

48971 

52881 

56467 

59780 

62857 

65731 

68427 

70965 

73363 

75635 

23 

38 

49039 

52943 

56524 

59833 

62907 

65778 

68470 

7x006 

73401 

75672 

22 

39 

49107 

53005 

56582 

59886 

62956 

65824 

68514 

7x047 

73440 

75709 

21 

40 

49175 

53067 

56639 

59939 

63006 

65870 

68557 

71088 

73479 

75745 

20 

41 

49*43 

53129 

56696 

59992 

63055 

65916 

68601 

71 129 

73518 

75781 

19 

42 

49311 

53>9> 

56753 

60045 

63104 

65962 

68644 

71170 

73557 

75819 

18 

43 

49379 

53253 

56810 

60097 

63153 

66008 

68687 

712XX 

73595 

75856 

17 

44 

49446 

53315 

56867 

60150 

63203 

66055 

68731 

71251 

73634 

75892 

16 

45 

495*3 

53376 

56924 

60203 

63252 

66101 

68774 

71292 

73673 

75929 

15 

46 

49581 

53438 

56980 

60255 

63301 

66146 

68817 

71333 

73711 

75966 

14 

47 

49648 

53499 

57037 

60308 

63350 

66192 

68860 

71374 

73750 

76002 

13 

48 

49715 

53561 

57094 

60360 

63399 

66238 

68903 

71414 

73788 

76039 

12 

49 

49782 

53622 

57150 

60413 

63448 

66284 

68946 

71455 

73827 

76075 

11 
10 

50 

49849 

53683 

57206 

60465 

63496 

66330 

68989 

71496 

73865 

76112 

51 

49916 

53744 

57263 

60517 

63545 

66375 

69032 

71536 

73904 

76148 

9 

52 

49982 

53805 

573»9 

60570 

63594 

66421 

69075 

71577 

73942 

76185 

8 

53 

50049 

53866 

57375 

60622 

63642 

66467 

691x8 

71617 

73980 

76221 

7 

54 

50115 

53927 

57431 

60674 

63691 

66512 

69161 

71658 

740x9 

76258 

6 

55 

50182 

53988 

57488 

60726 

63740 

66558 

69204 

71698 

74057 

76294 

5 

56 

50248 

54049 

57544 

60778 

63788 

66603 

69247 

71739 

74095 

76330 

4 

57 

50314 

54109 

57599 

60830 

63837 

66649 

69289 

71779 

74133 

76367 

3 

58 

50380 

54170 

57655 

60882 

63885 

66694 

69332 

718x9 

74x71 

76403 

2 

59 

50446 

54230 

57711 

60934 

63933 

66739 

69375 

71859 

74210 

76439 

1 

60 

50512 

54291 

57767 

60985 

63982 

66784 

69417 

7 1 900 

74248 

76475 

0 

// 

89''  49^ 

89**  48' 

89^  47' 

09'  46 

89°  45' 89°  44' 

89  43',89''  42'|89°  4r|89°  40' 

// 

Cosine                           | 

68a 

TABLE  66 

LOG.  SINES  OP  SMALL  ARCS  TO  EACH  SECOND 

// 

0°  20' 

0*»  21' 

0°  22' 

0°  23' 

0*»  24' 

O*'  25' 

0°  26* 

0°  27' 

0=*  28' 

0'  29' 

// 

T 

r 

r 

r 

r 

T 

T 

7* 

T 

r 

0 

7^75 

78594 

80615 

82545 

84393 

86166 

87870 

89509 

9x088 

92612 

60 

1 

7651a 

78629 

80647 

82577 

84424 

86x95 

87897 

89535 

91114 

92637 

59 

2 

76548 

78663 

80680 

82608 

84454 

86224 

87925 

89562 

91140 

92662 

58 

3 

76584 

78698 

80713 

82639 

84484 

86253 

87953 

89589 

91165 

92687 

57 

4 

76620 

78732 

80746 

82671 

845x4 

8628a 

87981 

89616 

91191 

927x2 

56 

6 

76656 

78766 

80779 

82702 

84544 

86311 

88008 

89642 

91217 

92737 

55 

6 

76692 

78801 

80812 

82733 

84574 

86340 

88036 

89669 

91243 

92761 

64 

7 

76728 

78835 

80844 

82765 

84604 

86368 

88064 

89696 

91269 

92786 

53 

8 

76764 

78869 

80877 

82796 

84634 

86397 

88092 

8972a 

91294 

92811 

52 

9 

76800 

78903 

80910 

82827 

84664 

86426 

88119 

89749 

91320 

92836 

51 

10 

76836 

78938 

80942 

82859 

84694 

86455 

88x47 

89776 

91346 

92861 

60 

u 

76872 

78972 

80975 

82890 

84724 

86484 

88x75 

8980a 

91371 

92886 

49 

12 

76907 

79006 

81008 

8292X 

84754 

86512 

88202 

89829 

91397 

92910 

48 

13 

76943 

79040 

81040 

82952 

84784 

86541 

88230 

89856 

91423 

92935 

47 

14 

76979 

79074 

81073 

82983 

848x4 

86570 

88258 

89882 

91448 

92960 

46 

15 

77015 

79108 

81x05 

83015 

84843 

86|98 

88285 

89909 

9H74 

92985 

45 

16 

77051 

7914a 

81138 

83046 

84873 

86627 

88313 

89935 

91500 

93009 

44 

17 

77086 

79176 

81170 

83077 

84903 

86656 

88340 

89962 

91525 

93034 

43 

18 

77122 

79210 

81203 

83108 

84933 

86684 

88368 

89988 

9»55i 

93059 

42 

19 

77158 

79244 

8x235 

83x39 

84963 

86713 

88395 

90015 

91576 

93084 

41 

20 

77193 

79278 

81268 

83170 

84992 

86741 

88423 

90041 

9160a 

93108 

40 

21 

77229 

79312 

8x300 

83201 

85022 

86770 

88450 

90068 

9i6a7 

93133 

39 

22 

77264 

79346 

81332 

83232 

85052 

86799 

88478 

90094 

9i65i  93158 1 

38 

23 

77300 

79380 

8x365 

83263 

85082 

86827 

88505 

90121 

91678 

9318a 

87 

24 

77335 

79414 

81397 

83294 

8511X 

86856 

88533 

90147 

91704 

93207 

36 

25 

77371 

79448 

81429 

83325 

85141 

86884 

88560 

90174 

91729 

93231 

35 

26 

77406 

79481 

8x462 

83356 

85171 

86913 

88587 

90200 

91755 

93256 

34 

27 

7744^ 

79515 

81494 

83387 

85200 

86941 

886x5 

9oaa6 

91780 

93281 

33 

28 

77477 

79549 

81526 

83417 

85230 

86969 

88642 

90253 

91806 

93305 

32 

29 

77512 

79582 

81558 

83448 

85259 

86998 

88669 

9oa79 

91831 

93330 

31 

30 

77548 

79616 

81591 

83479 

85289 

87026 

88697 

90305 

91857 

93354 

30 

31 

77583 

79650 

81623 

83510 

85318 

87055 

88724 

90332 

9x882 

93379 

29 

32 

77618 

79683 

81655 

83541 

85348 

87083 
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TABLE  66 

685 

LOG.  SINES  OF  SMALL  ARCS  TO  EACH  SECOND 

// 

0°  50' 

O*'  51' 

0°  52' 

0**  53'  0°  54' 

0**  S5' 

0°  56' 

O*'  67' 

0°  58' '0°  69' 

// 

60 
69 
58 
57 
56 

5c 
54 
53 
52 
61 

0 
I 
2 
3 
4 

5 
6 

7 
8 
9 

8« 

16268 

16283 

16297 

16311 

16326 

16340 

16369 

16384 
16398 

8- 

17128 
17142 
17156 
17171 
17185 

17199 

17213 

17227 
17241 
17256 

8- 

17971 

17985 

17999 
18013 

18027 

18041 
18055 
18069 
18082 
18096 

8- 

18798 

18812 

18826 

18839 

18853 

18867 

18880 

18894 

18908 

18921 

8- 

19610 

19624 

19637 

19650 

19664 

19677 
19691 
19704 
19717 
19731 

8- 

20407 

20420 

20433 

20446 

20460 

20473 
20486 
20499 
20512 
20525 

8- 

21 189 

21202 

21215 

21228 

21241 

21254 
21267 
21280 
21293 
21306 

8- 

21958 

21971 

21983 

21996 

22009 

22022 
22034 
22047 
22060 
22072 

8- 

22713 

22726 

22738 

22751 

22763 

22776 
22788 
22801 
22813 
22826 

8- 

23456 

23468 

23480 

23492 

23505 

23517 
23529 

23541 

^3554 
23566 

10 
11 
12 
13 
14 

15 
16 

17 
18 
19 

16413 
16427 
16441 
16456 
16470 

1648s 
16499 
16513 
16528 
16542 

17270 
17284 
17298 
17312 
17326 

17340 

17355 
17369 

17383 
'7397 

18110 
18124 
18138 
18152 
18166 

18180 
18193 
18207 
18221 
18235 

18935 
18948 
18962 
18976 
18989 

19003 
19016 
19030 
19044 
19057 

19744 

19757 
19771 

19784 

19797 

19811 
19824 
19837 
19851 
19864 

20538 
20552 
20565 
20578 
20591 

20604 
20617 
20630 
20643 
20656 

21319 
21331 

*>344 
21357 

21370 

21383 
21396 
2x409 
21422 
21434 

22085 
22098 
221x0 
22123 
22136 

22148 
22161 
22173 
22186 
22199 

22838 
22850 
22863 
22875 
22888 

22900 
22913 
22925 
22937 
22950 

^3578 
23590 

23603 
23615 
23627 

23639 
23652 
23664 
23676 
23688 

60 
49 
48 

47 
46 

46 
44 
43 
42 

41 

20 
21 
22 
23 
24 

25 

26 

27 
28 
29 

'6557 
16571 

16585 
16600 
16614 

16628 
16643 
16657 
16672 
16686 

17411 
17425 

17439 

17453 
17467 

17481 

17495 
17510 

175H 
17538 

18249 
18263 
18276 
18290 
18304 

18318 
18332 
18^345 
18359 

18373 

19071 
19084 
19098 
19111 
19125 

19139 
19152 
19166 
19179 
19193 

19877 
19891 
19904 
19917 
19931 

19944 

19957 
19971 

19984 

19997 

20669 
20682 
20696 
20709 
20722 

20735 
20748 

20761 

20774 
20787 

21447 
21460 

21473 
21486 

21499 

21511 
21524 

21537 
21550 

21563 

22211 
22224 
22237 
22249 
22262 

22274 
22287 
22300 
22312 
22325 

22962 
22975 
22987 
22999 
23012 

23024 

23037 
23049 
23061 

23074 

23700 
23713 

23725 
23737 
13749 
23761 
23773 
23786 
23798 
23810 

40 
39 
38 

37 

36 

35 
34 
33 
32 
31 

30 
31 
32 
33 
34 

35 
36 

37 
38 
39 

40 
41 
42 
43 
44 

45 
46 

47 

48 
49 

16700 
16715 
16729 
16743 
16757 

16772 
16786 
16800 
168 1 5 
16829 

1755a 
17566 

17580 

17594 
17608 

17622 
17636 
17650 
17664 
17678 

18387 
18401 
1 84 14 
18428 
18442 

18456 
18469 
18483 
18497 
18511 

19206 
19220 
19233 
19247 
19260 

19274 
19287 
19301 
19314 
19328 

20010 
20024 
20037 
20050 
20064 

20077 
20090 
20103 
20117 
20130 

20800 
20813 
20826 
20839 
20852 

20865 
20878 
20S91 
20904 
20917 

21576 
21588 
21601 
21614 
21627 

21640 
21652 
21665 
21678 
21691 

22337 
22350 
22363 

22375 
22388 

22400 
22413 
22425 
22438 
22451 

23086 
23098 
23111 
23123 
23136 

23148 
23160 

23173 

23185 
23197 

23822 

13834 
23846 

23859 

23871 

23883 

23895 
23907 

23919 

23931 

30 
29 
28 

27 
26 

25 
24 
23 
22 
21 

16843 
16858 
16872 
16886 
16900 

16915 
16929 

16943 
16957 

16972 

17692 
17706 
17720 

17734 
17748 

17762 
17776 
17790 
17804 
17818 

18524 
18538 
18552 
18566 

18579 
18593 
18607 
18621 
18634 
18648 

19341 

19355 
19368 

19382 

19395 
19409 
19422 
19436 

19449 
19463 

20143 
20156 
20170 
20183 
20196 

20209 
20222 
20236 
20249 
20262 

20930 
20943 
20956 
20969 
20982 

20995 
21008 
21021 
21034 
21047 

21703 
21716 
21729 
21742 

"754 
21767 
21780 
21793 
21805 
21818 

22463 
22476 
22488 
22501 
22513 

22526 

22538 
22551 
22563 
22576 

23210 
23222 
23234 
23247 

13»59 
23271 
23284 
23296 
23308 
23321 

23944 
23956 
23968 
23980 
23992 

24004 
24016 
24028 
24041 
24053 

20 
19 
18 

17 
16 

15 
14 
13 
12 
11 

50 
51 
52 
63 

54 

55 
56 

57 
58 
59 
60 

16986 
17000 
17014 
17029 

17043 
17057 
1 707 1 
17085 
17100 
17114 
17128 

17832 
17846 
17860 
17874 
17888 

17902 
17916 
17930 

17943 
17957 
17971 

18662 
18675 
18689 
18703 
18716 

18730 
18744 

18757 
18771 
18785 
18798 

19476 
19489 

19503 
19516 

19530 

19543 
19557 
19570 

19583 

19597 
19610 

20275 
20288 
20302 
20315 
20328 

20341 
20354 
20368 
20381 
20394 
20407 

21060 
21073 
21086 
21099 
21112 

21125 
21138 
21151 
21164 
21177 
21189 

21831 
21844 
21856 
21869 
21882 

21895 
21907 
21920 
21933 
21945 
21958 

22588 
22601 
22613 
22626 
22638 

22651 
22663 
22676 
22688 
22701 
22713 

^3333 
^3345 
^3357 
23370 
23382 

23394 

23407 

23419 

2343' 

23443 
23456 

24065 
24077 
24089 
24101 
24113 

24125 

24137 
24149 

24161 

24173 

24186 

10 
9 
8 

7 
• 

6 
4 

3 
2 
1 

0 

// 

"1 

89'  9' 

89'  8' 

89^  T 

89"  6' 

«9'  6' 

89^  4' 

89^  3' 

89'  2' 

89°  1' 

89°  0' 

Cosine                          J 
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TABLE  66 

LOG.  SINES  OF  SMALL  ARCS  TO  EACH  SECOND            1 

// 

r  0' 

JO  Y 

10  2' 

1°  3' 

1°  4' 

1°  5' 

1°  6' 

1°  r 

1°  8' 

1°  9' 

// 

8- 

8- 

8- 

8- 

8- 

8- 

8- 

8- 

8- 

8- 

0 

241855 

249033 

256094 

263042 

269881 

276614 

283243 

289773 

296207 

302546 

60 

1 

241976 

249152 

256211 

263157 

269994 

276725 

483353 

289881 

296313 

302651 

59 

2 

242097 

249270 

256328 

263272 

270107 

276836 

283463 

289989 

296420 

302756 

68 

3 

242217 

249389 

156444. 

263387 

270220 

276948 

283572 

25Kx>97 

296526 

302861 

57 

4 

242338 

249507 

256561 

363502 

270333 

277059 

283682 

290205 

296632 

302965 

56 

6 

242458 

249626 

256678 

263616 

270446 

277170 

283791 

290313 

296739 

303070 

65 

6 

242578 

249744 

456794 

263731 

270559 

277281 

283901 

290421 

296845 

303'75 

54 

7 

242699 

249863 

25691 X 

263846 

270672 

277392 

284010 

290529 

296951 

303280 

53 

8 

242819 

249981 

257027 

263960 

270785 

277503 

284120 

290637 

297057 

303384 

52 

9 

242940 

250100 

457144 

264075 

270898 

277615 

284229 

290745 

297164 

303489 

51 
50 

10 

243060 

250218 

257260 

264190 

271010 

277726 

284339 

290852 

297270 

303594 

11 

243x80 

250336 

257376 

264304 

271123 

277837 

284448 

290960 

297376 

303698 

49 

12 

243300 

^5045 5 

457493 

264419 

271236 

477948 

484557 

291068 

297482 

303803 

48 

13 

243421 

250573 

457609 

464533 

271349 

278059 

284667 

291175 

297588 

303907 

47 

14 

243541 

250691 

457745 

264648 

27 146 I 

278170 

284776 

291283 

297694 

304012 

46 

15 

243661 

250809 

257842 

264762 

471574 

278281 

284885 

291391 

297800 

304117 

4i 

10 

243781 

250927 

457958 

264877 

271687 

278391 

284994 

291498 

297906 

304221 

44 

17 

243901 

251045 

258074 

264991 

271799 

278502 

285104 

291606 

298012 

304345 

43 

18 

244021 

25 I 164 

258190 

265105 

271912 

278613 

285213 

291713 

298118 

304430 

12 

20 

244141 

251282 

258307 

265220 

272024 

478744 

285322 

291821 

298224 

304534 

41 
40 

244261 

251400 

258423 

265334 

272137 

278835 

285431 

291928 

298330 

304639 

21 

244381 

251518 

458539 

265448 

272249 

278946 

285540 

292036 

298436 

304743 

39 

22 

244501 

251636 

258655 

265562 

272362 

479056 

285649 

292143 

298541 

304847 

38 

23 

24^621 

as 1754 

258771 

265677 

272474 

279167 

285758 

292251 

298648 

304952 

97 

24 

244741 

25x871 

258887 

265791 

474587 

279278 

285867 

292358 

498754 

305056 

W 

26 

244S61 

251989 

259003 

265905 

272699 

279388 

285976 

292466 

498859 

305160 

35 

26 

244980 

252107 

259119 

266019 

272811 

279499 

286085 

494573 

298965 

305265 

34 

27 

245100 

252225 

459435 

266x33 

272924 

279610 

286x94 

292680 

299071 

305369 

33 

28 

245220 

»5a343 

459351 

266247 

273036 

279720 

286303 
2864x2 

292787 

299x77 

305473 

32 

29 
30 

H5339 

252460 

259466 

26636X 

273148 

279831 

292895 

299282 

305577 

Jl 

245459 

252578 

459584 

266475 

273260 

279941 

286521 

293002 

299388 

305681 

"mi 

31 

a4-5579 

252696 

259698 

266589 

473373 

280052 

286629 

293109 

499494 

305785 

29 

32 

245698 

252813 

259814 

266703 

473485 

280162 

286738 

293216 

499599 

305890 

28 

33 

245818 

252931 

259929 

266817 

473597 

280272 

286847 

293324 

299705 

305994 

27 

34 

»45937 

253049 

260045 

26693 I 

273709 

280383 

286956 

293431 

2998x0 

306098 

26 

35 

H6057 

253166 

260161 

267045 

273821 

280493 

287064 

493538 

299916 

306201 

25 

86 

246176 

253284 

260276 

267158 

473933 

280604 

287x73 

293645 

300021 

306306 

24 

37 

246296 

253401 

260392 

267272 

474045 

2807x4 

287282 

293752 

300x27 

306410 

23 

88 

246415 

253519 

260508 

267386 

474x57 

280824 

287390 

293859 

300232 

306514 

22 

39 

246534 

253636 

260623 

267500 

274269 

280934 

287499 

293966 

300338 

306618 

21 

40 

246654 

»53753 

260739 

2676x3 

274381 

281045 

287608 

294073 

300443 

306721 

20 

41 

246773 

253871 

260854 

267727 

474493 

281155 

287716  294180 1 

300549 

306825 

19 

42 

246892 

253988 

260970 

267841 

274605 

281265 

287825 

294287 

300654 

306929 

18 

43 

2470 IX 

254105 

261085 

267954 

474717 

281375 

287933 

494394 

300759 

307033 

17 

44 

247131 

254223 

261200 

268068 

274828 

281485 

288042 

294500 

300865 

307x37 

16 

45 

247250 
247369 

»5434« 

261316 

268181 

274940 

281595 

288150 

294607 

300970 

307241 

15 

46 

^54457 

261431 

268295 

275052 

281705 

288259 

294714 

301075 

307344 

14 

47 

247488 

454574 

26x546 

268408 

275164 

281815 

288367 

294821 

301 180 

307448 

13 

48 

H7607 

254691 

261662 

268522 

475475 

28x925 

288475 

294928 

301286 

307^52 

12 

49 

247726 

254808 

261777 

268635 

275387 

282035 

288584 

295034 

301391 

307655 

11 

50 

247845 

»549a5 

261892 

268749 

475499 

282145 

288692 

295141 

301496 

307759 

10 

61 

247964 

255042 

262007 

268862 

275610 

282255 

288800 

295248 

301601 

307863 

9 

52 

248083 

155159 

262122 

268975 

275722 

282365 

288908 

495354 

301706 

307966 

8 

53 

248202 

255276 

262237 

269089 

275833 

282475 

289017 

295461 

301811 

308070 

7 

54 

248321 

455393 

262353 

269202 

475945 

282585 

289125 

295568 

3019x6 

308173 

6 

55 

248440 

255510 

262468 

269315 

276057 

282695 

289233 

295674 

302021 

308277 

5 

56 

248558 

255627 

262583 

269428 

276168 

282805 

289341 

295781 

302126 

308380 

4 

67 

248677 

455744 

262698 

269542 

276279 

282914 

289449 

295887 

302231 

308484 

3 

58 

248796 

255861 

262813 

269655 

276391 

283024 

489557 

495994 

302336 

308587 

2 

59 

248914 

455978 

262927 

269768 

276502 

283134 

289665 

296100 

302441 

308691 

I 

60 

249033 

256094 

263042 

269881 

276614 

283243 

289773 

296207 

302546 

308794 

0 

/f 

88°  09^ 

88°  58' 

88'  57' 

88°  66' 

88°  56' 

88°  54' 

88^  63' 

1 

88'  52'  88°  51'  88^  50' 

// 

I 


C081NB 


TABLE  6« 


687 


r 

LOG.  SINES  OF  SMALL  ARCS  TO  EACH  SECOND 

// 

l«  10' 

V   11' 

P  12' 

1°  13' 

r  14' 

1**  15' 

1°  16' 

1°  \r 

V   18' 

1°  19' 

// 

8- 

8- 

8- 

8- 

8- 

8- 

8- 

8- 

8- 

8- 

0 

308794 

314954 

321027 

327016 

332924 

338753 

344504 

350181 

355783 

361315 

60 

1 

308898 

315056 

321127 

3*7115 

333022 

338849 

344600 

350275 

355876 

361407 

60 

2 

30900 I 

3>5'57 

321228 

327215 

333120 

338946 

344695 

350368 

355969 

361498 

58 

3 

309104 

315259 

321328 

327314 

333218 

339042 

344790 

350462 

356062 

361590 

67 

4 

309208 

315361 

321429 

3*7413 

333315 

339139 

344885 

350556 

356154 

361681 

56 

6 

3093  n 

3*5463 

321529 

327512 

333413 

339*35 

344980 

350650 

356*47 

361773 

55 

6 

309414 

3»5565 

321630 

32761 I 

333511 

33933* 

345075 

350744 

356340 

361864 

54 

7 

3C95'7 

315667 

321730 

3*7710 

333608 

339428 

345170 

350838 

356432 

361956 

53 

8 

309620 

315768 

321830 

327809 

333706 

3395*4 

345265 

350932 

3565*5 

362047 

52 

9 
10 

309724 

315870 

321931 

327908 

333804 

339621 

345361 

351026 

356618 

362139 

51 

309827 

315972 

322031 

328007 

333901 

339717 

345456 

351119 

356710 

362230 

50 

11 

309930 

316073 

322131 

328106 

333999 

339813 

345551 

351*13 

356803 

362321 

49 

12 

310033 

316175 

322231 

328204 

334096 

339909 

345646 

351307 

356895 

362413 

48 

13 

310136 

316277 

322332 

328303 

334194 

34C006 

345740 

351401 

356988 

362504 

47 

14 

310239 

316378 

322432 

328402 

334291 

340102 

345835 

35I494 

357080 

362596 

46 

15 

31034a 

316480 

322532 

328501 

334389 

340198 

345930 

351588 

357173 

362687 

45 

16 

310445 

316581 

322632 

328600 

334486 

340294 

346025 

351682 

357*65 

362778 

44 

17 

310548 

316683 

322732 

328698 

334584 

340390 

346120 

351775 

357358 

362870 

43 

18 

310651 

316785 

322832 

328797 

334681 

340486 

346215 

351869 

357450 

362961 

42 

19 

310754 

316886 

322932 

328896 

334779 

340582 

346310 

351963 

357543 

363052 

41 

20 

310857 

316987 

323033 

328995 

334876 

340679 

346405 

35*056 

357635 

363  H3 

40 

21 

310960 

317089 

323133 

3*9093 

334973 

340775 

346499 

352150 

3577*8 

363*34 

39 

22 

311063 

317190 

323233 

329192 

335071 

340871 

346594 

352243 

357820 

3633*6 

38 

23 

311166 

317292 

323333 

329291 

335168 

340967 

346689 

35*337 

35791* 

363417 

37 

24 

311268 

317393 

3»3433 

329389 

335*65 

341063 

346784 

352430 

358005 

363508 

36 

25 

311371 

317494 

3*3533 

329488 

335362 

341159 

346878 

35*5*4 

358097 

363599 

35 

26 

3 « H74 

317596 

323632 

329586 

335460 

341*55 

346973 

352617 

358189 

363690 

34 

27 

3"577 

317697 

323732 

329685 

335557 

341350 

347068 

35*711 

358281 

363781 

33 

28 

311679 

317798 

323832 

329783 

335654 

341446 

347162 

35*804 

358374 

363872 

32 

29 
30 

311782 

317900 

313932 

329882 

335751 

341542 

347*57 

35*898 

358466 

363963 

31 

311885 

318001 

324032 

329980 

335848 

341638 

34735* 

352991 

358558 

364055 

3<» 

31 

311987 

318102 

324132 

330079 

335946 

341734 

347446 

353084 

358650 

364146 

29 

32 

3 12090 

318203 

324232 

330177 

336043 

341830 

347541 

353178 

35874* 

364*37 

28 

33 

312193 

318304 

3*4331 

330276 

336140 

341926 

347635 

353*71 

358835 

364328 

27 

34 

311295 

318406 

3*4431 

330374 

336237 

342021 

347730 

353304 

3589*7 

364419 

26 

35 

312398 

31S507 

324531 

330472 

336334 

34*117 

347824 

353458 

359019 

364509 

25 

36 

312500 

318608 

324630 

330571 

336431 

342213 

347919 

353551 

359111 

364600 

24 

37 

312603 

318709 

324730 

330669 

3365*8 

342309 

348013 

353644 

359*03 

364691 

23 

38 

312705 

318810 

3*4830 

330767 

336625 

34*404 

348108 

353737 

359*95 

364782 

22 

39 

312808 

318911 

324929 

330866 

336722 

342500 

348202 

353831 

359387 

364873 

21 

40 

312910 

3190x2 

3*50*9 

330964 

336819 

34*596 

348297 

3539*4 

359479 

364964 

20 

41 

313013 

319113 

325129 

331062 

336916 

342691 

348391 

3540x7 

359571 

365055 

19 

42 

313115 

319214 

325228 

331160 

337013 

34*787 

348485 

354110 

359663 

365146 

18 

43 

1i34'7 

3»93'5 

3*53*8 

331259 

337109 

342882 

348580 

354*03 

359755 

365236 

17 

44 

313320 

319416 

3*54*7 

331357 

337206 

34*978 

348674 

354*96 

359847 

3653*7 

16 

46 

31342a 

319516 

3*55*7 

331455 

337303 

343074 

348768 

354389 

359939 

365418 

16 

46 

3 '35*4 

319617 

325626 

331553 

337400 

343169 

348863 

354483 

360031 

365509 

14 

47 

313626 

319718 

325726 

331651 

337497 

343265 

348957 

354576 

360122 

365599 

13 

48 

3 » 37*9 

319819 

325825 

331749 

337593 

343360 

349051 

354669 

360214 

365690 

12 

49 

313831 

3 19920 

325924 

331847 

337690 

343456 

349145 

354762 

360306 

365781 

11 

50 

313933 

320021 

326024 

331945 

337787 

343551 

349240 

354855 

360398 

365871 

10 

51 

314035 

320121 

326123 

332043 

337884 

343646 

349334 

354948 

360490 

365962 

« 

52 

314137 

320222 

326223 

33*141 

337980 

34374* 

3494*8 

355041 

360582 

366053 

8 

53 

314239 

320323 

326322 

33**39 

338077 

343837 

349522 

355133 

360673 

366143 

7 

54 

314342 

320423 

3 2 642 J 

33*337 

338174 

343933 

349616 

355226 

360765 

366234 

6 

55 

314444 

320524 

.326520 

33*435 

338*70 

344028 

349710 

355319 

360857 

366324 

5 

56 

3H546 

320625 

326620 

33*533 

338367 

3441*3 

349804 

35541* 

360948 

366415 

4 

57 

314648 

320725 

326719 

332631 

338463 

344*19 

349898 

355505 

361040 

366505 

3 

58 

314750 

320826 

326818 

332729 

338560 

344314 

349993 

355598 

361132 

366596 

2 

59 

314852 

320926 

326917 

332826 

338656 

344409 

350087 

355691 

361223 

366686 

1 

60 

314954 

.321027 

327016 

332924 

338753 

344504 

350181 

355783 

361315 

366777 

0 

// 

BSP  49' 

88°  48^ 

88^  47' 

88°  46' 

SS""  46' 

88P  44' 

88^  43' 

88^  42' 

88°  41' 

88=*  40'|  ''  1 

COSINB 
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TABLE  66 


LOG.  SINES  OF  SMALL- ARCS  TO  EACH  SECOND            1 

// 

1°  20' 

r  21' 

P  22' 

r  23' 

1°  24' 

1°  25' 

1°  26' 

1°  27' 

1°  28' 

1°  29' 

// 

8- 

8- 

8- 

8- 

8- 

8- 

8- 

8- 

8- 

8- 

0 

366777 

372171 

377499 

382762 

387962 

393101 

398179 

403199 

408161 

413068 

60 

1 

366867 

372260 

377587 

382849 

388048 

393186 

398263 

403282 

408244 

413149 

59 

2 

366958 

372350 

377675 

382936 

388134 

393271 

398348 

403365 

408326 

413230 

58 

3 

367048 

37*439 

377763 

383024 

388221 

393356 

398432 

403448 

408408 

413311 

57 

4 

367139 

372528 

377852 

383111 

388307 

393441 

398516 

403532 

408490 

413393 

56 

6 

367229 

372617 

377940 

383198 

388393 

393526 

398600 

403615 

408572 

413474 

55 

6 

367319 

372707 

378028 

383285 

388479 

393611 

398684 

403698 

408654 

413555 

54 

7 

367410 

372796 

378116 

383372 

388565 

393696 

398768 

403781 

408737 

413636 

63 

8 

367500 

372885 

378204 

383459 

388651 

393781 

398852 

403864 

408819 

413718 

52 

9 

367590 

37»974 

378292 

383546 

388737 

393866 

398936 

403947 

408901 

413799 

51 

10 

367681 

373063 

378380 

383633 

388823 

393951 

399020 

404030 

408983 

413880 

50 

11 

367771 

373>53 

378469 

383720 

388909 

394036 

399104 

404113 

409065 

413961 

49 

12 

367861 

373*4* 

378557 

383807 

388995 

394121 

399188 

404196 

409147 

41404* 

48 

13 

367951 

373331 

378645 

383894 

389081 

394206 

399272 

404279 

409229 

414123 

47 

14 

368042 

3734*0 

378733 

383981 

389167 

394291 

399356 

404362 

409311 

414204 

46 

15 

368132 

373509 

378821 

384068 

389*53 

394376 

399440 

404445 

409393 

414286 

46 

16 

368222 

373598 

378909 

384155 

389338 

394461 

3995*4 

404528 

409475 

414367 

44 

17 

368312 

373687 

378997 

384242 

3894*4 

394546 

399607 

404611 

409557 

414448 

43 

18 

368402 

373776 

379084 

3843*9 

389510 

394631 

399691 

404694 

409639 

414529 

42 

19 

368492 

373865 

379172 

384415 

389596 

394715 

399775 

404777 

409721 

414610 

41 
40 

20 

368582 

373954 

379260 

384502 

389682 

394800 

399859 

404859 

409803 

414691 

21 

368672 

374043 

379348 

384589 

3^9768 

394885 

399943 

404942 

409885 

41477* 

39 

22 

368763 

37413* 

379436 

384676 

389853 

394970 

400027 

405025 

409967 

414853 

38 

23 

368853 

374**1 

379524 

384763 

389939 

395055 

400110 

405108 

410049 

414934 

37 

24 

368943 

374310 

379612 

384850 

390025 

395139 

400194 

405191 

410131 

415015 

36 

25 

369033 

374399 

379700 

384936 

3901 I I 

395224 

400278 

405274 

410212 

415096 

35 

26 

369123 

374488 

379787 

385023 

390196 

395309 

400362 

405356 

410294 

415177 

34 

27 

369213 

374577 

379875 

385110 

390282 

395393 

400445 

405439 

410376 

415*57 

33 

28 

369302 

374665 

379963 

385197 

390368 

395478 

400529 

405522 

410458 

415338 

32 

29 

369392 

374754 

380051 

385283 

390453  395563 

400613 

405605 

410540 

415419 

31 
30 

30 

369482 

374843 

380138 

385370 

390539 

395647 

400696 

405687 

410621 

415500 

31 

369572 

37493* 

380226 

385457 

390625 

39573* 

400780 

405770 

410703 

415581 

29 

32 

369662 

375021 

380314 

385543 

390710 

395817 

400864 

405853 

410785 

415662 

28 

33 

369752 

375109 

380401 
380489 

385630 

390796 

395901 

400947 

405935 

410867 

415743 

27 

34 

369842 

375198 

385716 

390882 

395986 

401031 

406018 

410948 

4158*3 

26 

35 

369932 

375*87 

380577 

385803 

390967 

396070 

401115 

406101 

411030 

415904 

25 

36 

370021 

375375 

380664 

385890 

391053 

396155 

401198 

406183 

411112 

415985 

24 

37 

370111 

375464 

380752 

385976 

391138 

396240 

401282 

406266 

411193 

416066 

23 

38 

370201 

375553 

380840 

386063 

391224 

396324 

401365 

406348 

411275 

416146 

22 

39 

370291 

375641 

380927 

386149 

391309 

396409 

401449 

406431 

411357 

416227 

21 

40 

370380 

375730 

381015 

386236 

391395 

396493 

401532 

406514 

411438 

416308 

20 

41 

370470 

375819 

381102 

386322 

391480 

396578 

401616 

406596  411520 

416389 

19 

42 

370560 

375907 

381 190 

386409 

391566 

396662 

401699 

406679 

41 1602 

416469 

18 

43 

370649 

375996 

381277 

386495 

391651 

396746 

401783 

406761 

411683 

416550 

17 

44 

370739 

376084 

381365 

386582 

391736 

396831 

401866 

406844 

411765 

416631 

16 

46 

370829 

376173 

381452 

386668 

391822 

396915 

401950 

406926 

411846 

416711 

16 

46 

370918 

376261 

381540 

386754 

39.1907 

397000 

402033 

4070C9 

411928 

416792 

14 

47 

371008 

376350 

381627 

386841 

391993 

397084 

402116 

407091 

412009 

416872 

13 

48 

371097 

376438 

381714 

386927 

392078 

397168 

402200 

407173 

41209 I 

416953 

12 

49 
50 

371187 

376527 

381802 

387013 

392163 

397*53 

402283 

407256 

412172 

417034 

11 
lU 

371277 

376615 

381889 

387100 

39**49 

397337 

402366 

407338 

41**54 

417114 

51 

371366 

376704 

381977 

387186 

39*334 

3974*1 

402450 

407421 

41*335 

417195 

9 

52 

371456 

376792 

382064 

387272 

392419 

397506 

402533 

407503 

412417 

417*75 

8 

53 

371545 

376881 

382151 

387359 

392504 

397590 

402616 

407585 

412498 

417356 

7 

54 

371635 

376969 

382239 

387445 

392590 

397674 

402700 

407668 

412579 

417436 

6 

55 

371724 

377057 

382326 

387531 

392675 

397758 

402783 

407750 

412661 

417517 

6 

56 

371813 

377146 

382413 

387617 

392760 

397843 

402866 

407832 

412742 

417597 

4 

67 

371903 

377234 

382500 

387704 

392845 

3979*7 

402949 

407915 

412824 

417678 

3 

58 

371992 

377322 

382588 

387790 

39*930 

398011 

403033 

407997 

412905 

417758 

2 

59 

372082 

3774" 

382675 

387876 

393016 

398095 

403116 

408079 

412986 

417839 

1 

60 

372171 

377499 

382762 

387962 

393101 

398179 

403199 

408161 

413068  4i79'9 

0 

88°  39' 

88^  38' 

88'  sr 

88°  36' 

88^  35' 

88°  34' 

88^  33* 

88°  32* 

88'  31' 

88°  30' 

// 

Cosine 

1 

TABLE  67 
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LOG.  SINES  OF  SMALL 

ARCS  TO  TEN 

SECONDS             1 

0  / 

0" 

W' 

20" 

80" 

40" 

60" 

60" 

Parti 

0   / 

s- 

8- 

8- 

8- 

8- 

8- 

8- 

1  30 

417919 

418722 

4'95*4 

420325 

421123 

42 192 I 

422717 

82'  37' 

88  29 

I  31 

422717 

423511 

424304 

425096 

425886 

426675 

427462 

1"  78  74 

88  28 

1  32 

427462 

428248 

429032 

4298x5 

430597 

43x377 

432156 

2  X56  148 

88  27 

1  33 

432156 

43*934 

433710 

434484 

435*57 

436029 

436800 

3  235  223 

88  26 

1  34 

436S00 

437569 

438337 

439x03 

439868 

440632 

441394 

4  3x3  297 

88  26 

1  35 

441394 

442156 

4429x5 

443674 

44443  X 

445x86 

44594X 

6  391  371 

88  24 

1  36 

445941 

446694 

447446 

448196 

448946 

449694 

450440 

6  469  445 

88  23 

1  37 

450440 

451x86 

45J930 

452673 

4534x4 

454>54 

454893 

7  547  5x9 

88  22 

1  38 

454893 

455631 

456368 

457103 

457837 

458570 

45930X 

6  626  594 

88  21 

1  39 

459301 

460032 

460761 

46x489 

462215 

46294X 

463665 

9  704  668 

88  20 

1  40 

463665 

464388 

4651 10 

465830 

466550 

467268 

467985 

42'  47' 

88  19 

1  41 

467985 

46870 X 

469416 

470129 

47084 X 

471553 

472263 

1'  7X  67 

88  18 

1  42 

471*63 

472971 

473679 

474386 

475091 

475795 

476498 

2  X4X  135 

88  17 

I  43 

476498 

477200 

47790 X 

478601 

479*99 

479997 

480693 

3  2x2  202 

88  16 

1  44 

480693 

48x388 

482083 

482776 

483467 

484x58 

484848 

4  282  269 

88  16 

1  4d 

484848 

485536 

486224 

4869x0 

487596 

488280 

488963 

6  353  336 

88  14 

1  46 

488963 

489645 

490326 

49x006 

49x685 

49*363 

493040 

6  424  404 

88  13 

1  47 

493040 

493715 

494390 

495064 

495736 

496408 

497078 

7  494  47 X 

88  12 

1  48 

497078 

49774« 

4984x6 

499084 

499750 

5004x6 

501080 

6  565  538 

88  11 

I  49 

501080 

501743 

502405 

503067 

503727 

504386 

505045 

9  635  606 

88  10 

1  60 

505045 

505702 

506358 

5070x4 

507668 

50832X 

508974 

62'  67' 

88  9 

1  51 

508974 

509625 

510275 

5x0925 

5"573 

5 1222 I 

512867 

1"  64  62 

88  8 

1  62 

512867 

5»35»3 

514157 

5X480X 

5>5444 

516086 

516726 

2  129  123 

88  7 

1  63 

516726 

517366 

5x8005 

5x8643 

519280 

5x9916 

5*055 X 

3  X93  X85 

88  6 

1  54 

520551 

52x186 

52x819 

52245 X 

523083 

5*3713 

5*4343 

4  257  246 

88  6 

1  65 

5*4343 

524972 

5*5599 

526226 

526852 

5*7477 

528102 

5  32X  308 

88  4 

I  66 

528102 

528725 

5*9347 

5*9969 

530590 

53x209 

53x828 

6  386  370 

88  3 

I  67 

531828 

53*446 

533063 

533679 

534*95 

534909 

5355*3 

7  450  43 X 

88  2 

1  68 

5355*3 

536136 

536747 

537358 

537969 

538578 

539x86 

8  5x4  493 

88  1 

1  59 

539186 

539794 

54040 X 

54x007 

541612 

5422x6 

5428x9 

9  579  554 

88  0 

2  0 

542819 

5434** 

544023 

5446*4 

545**4 

5458*3 

546422 

2'  T 

87  69 

2  1 

546422 

5470x9 

547616 

548212 

548807 

549401 

549995 

1"  59  57 

87  68 

2  2 

549995 

550587 

55"79 

55x770 

552361 

55*950 

553539 

2  118  1x3 

87  67 

2  S 

553539 

554x26 

554713 

555300 

555885 

556470 

557054 

S  177  170 

87  66 

2  4 

557054 

557637 

5582x9 

55880X 

559381 

559961 

560540 

4  236  227 

87  66 

2  6 

560540 

5611x9 

56x696 

562273 

562849 

563425 

563999 

5  295  284 

87  64 

2  6 

563999 

564573 

565146 

565719 

566290 

566861 

56743 X 

6  355  340 

87  63 

2  7 

567431 

568000 

568569 

569x37 

569704 

570270 

570836 

7  4x4  397 

87  62 

2  8 

570836 

57x401 

571965 

57*5*8 

573091 

573653 

574*14 

8  473  454 

87  61 

2  9 

574*14 

574774 

575334 

575893 

576451 

577009 

577566 

9  53*  5x0 

87  60 

2  10 

577566 

578122 

578678 

579232 

579786 

580340 

580892 

12'  17' 

87  49 

2  11 

580892 

581444 

581995 

582546 

583096 

583645 

584x93 

1"  55  53 

87  48 

2  12 

584193 

58474X 

585288 

585834 

586380 

5869*5 

587469 

2  109  105 

87  47 

2  13 

587469 

5880x3 

588556 

589098 

589640 

590181 

59072 X 

3  X64  X58 

87  46 

2  14 

590721 

59x260 

59x799 

59*338 

59*875 

5934x2 

593948 

4  2x8  2x0 

87  46 

2  16 

593948 

594484 

5950x9 

595553 

596086 

5966x9 

597x5* 

6  273  263 

87  44 

2  16 

597152 

597683 

598214 

598745 

599*74 

599803 

600332 

6  328  316 

87  43 

2  17 

600332 

600859 

601387 

60x913 

602439 

602964 

603489 

7  382  368 

87  42 

2  18 

603489 

6040x2 

604536 

605058 

605580 

606102 

606623 

8  437  42X 

87  41 

2  19 

606623 

607143 

607662 

6o8x8x 

608699 

6092x7 

609734 

9  491  473 

87  40 

2  20 

609734 

610251 

610766 

611282 

61x796 

6x2310 

612823 

22'  27' 

87  39 

2  21 

612823 

6x3336 

6x3848 

614360 

6 1487 I 

61538X 

6x5891 

1"  51  49 

87  38 

2  22 

615891 

616400 

616909 

6174x7 

617924 

61843 1 

618937 

2  102  98 

87  37 

2  23 

618937 

619442 

619947 

620452 

620956 

621459 

621962 

3  X52  147 

87  36 

2  24 

621962 

622464 

622965 

623466 

623966 

624466 

624965 

4  203  196 

87  35 

2  26 

624965 

625464 

625962 

626459 

626956 

627453 

627948 

6  254  245 

87  34 

2  26 

627948 

62844^ 

628938 

629432 

629926 

630419 

6309 I I 

6  305  294 

87  33 

2  27 

630911 

63x403 

63x894 

632385 

63*875 

633365 

633854 

7  356  343 

87  32 

2  28 

633854 

634342 

634830 

6353x7 

635804. 

63629X 

636776 

8  406  392 

87  31 

2  29 

636776 

637262 

637746 

638230 

638714 

639197 

639680 

9  457  44X 

87  3i» 

2  30 

639680 

640162 

640643 

641 124 

641604 

642084 

64*563 
0" 

87  29 

0  / 

ear' 

60" 

40" 

30" 

20" 

10" 

Parts 

0  / 

1                                           COSIXB                                           1 
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TABLE  67 

LOG.  SINES  OF  SMALL  ARCS  TO  TEN  SECONDS            1 

o  / 

0" 

10" 

20" 

SO" 

40" 

50"  1   60" 

Pftrts 

0   / 

8- 

8- 

8- 

8- 

8- 

8- 

8- 

2  30 

639680 

640162 

640643 

641124 

641604 

642084 

642563 

32*  sr 

87  29 

2  31 

642563 

643042 

643520 

643998 

644475 

644952 

645428 

1"47  46 

87  28 

2  32 

645428 

645904 

646379 

646854 

647328 

647801 

648274 

2  95  92 

87  27 

2  33 

648274 

648747 

649219 

649690 

650161 

650632 

651102 

3  142  138 

87  26 

2  34 

65 1 102 

651571 

652040 

652508 

652976 

653444 

653911 

4  190  184 

87  25 

2  36 

653911 

654377 

654843 

655308 

655773 

656238 

656702 

5  237  229 

87  24 

2  86 

65670a 

657165 

657628 

658090 

658552 

659014 

659475 

6  284  »75 

87  23 

2  37 

659475 

659935 

660395 

660855 

661314 

661772 

662230 

7  33*  3*1 

87  22 

2  38 

662230 

662688 

663145 

663602 

664058 

664513 

664968 

8  379  367 

87  21 

2  30 
2  40 

664968 

665423 

665877 

666331 

666784 

667237 

667689 

9  427  413 

87  20 

667689 

668141 

668592 

669043 

669494 

669944 

670393 

42'  47 

87  19 

2  41 

670393 

670842 

67 129 I 

671739 

672187 

672634 

673080 

1"45  43 

87  18 

2  42 

673080 

673527 

673972 

674418 

674863 

675307 

675751 

2  89  86 

87  17 

2  48 

675751 

676194 

676638 

677080 

677522 

677964 

678405 

3  133  130 

87  16 

2  44 

678405 

678846 

679286 

679726 

680166 

680605 

681043 

4  178  173 

87  15 

2  45 

68x043 

68 148 I 

681919 

682356 

682793 

683230 

683665 

5  223  216 

87  14 

2  46 

683665 

68410 I 

684536 

684971 

685405 

685838 

686272 

6  267  259 

87  13 

2  47 

686272 

686705 

687137 

687569 

688001 

688432 

688863 

7  312  302 

87  12 

2  48 

688863 

689293 

689723 

690152 

690581 

691010 

691438 

8  356  346 

87  11 

2  49 

69x438 

691866 

692293 

692720 

693146 

693572 

693998 

9  400  389 

87  10 

2  50 

69399JJ 

6944*3 

694848 

695272 

695696 

696120 

696543 

br    57' 

87  9 

2  51 

696543 

696966 

697388 

697810 

698232 

698653 

699073 

1"4*  41 

87  8 

2  62 

699073 

699494 

699913 

700333 

700752 

701 171 

701589 

2  84  82 

87  7 

2  53 

701589 

702007 

702424 

702841 

703*58 

703674 
706163 

704090 

3  126  122 

87  6 

2  54 

704090 

704505 

704920 

705335 

705749 

706577 

4  168  163 

87  5 

2  55 

706577 

706990 

707402 

707815 

708226 

708638 

709049 

5  209  204 

87  4 

2  56 

709049 

709460 

709870 

710280 

710690 

711099 

71 1507 

6  251  244 

87  S 

2  57 

711507 

711916 

712324 

71*731 

713139 

713546 

713952 

7  293  285 

87  2 

2  58 

71395* 

714358 

714764 

715169 

715574 

715979 

716383 

8  335  326 

87  1 

2  59 

716383 

716787 

717190 

717593 

717996 

718398 

718800 

9  377  366 

87  0 

3  0 

718800 

719202 

719603 

720004 

720404 

720804 

721204 

2*   7' 

86  50 

3  1 

721204 

721603 

722002 

722401 

7**799 

723197 

7*3595 

1"40  39 

86  58 

3  2 

7*3595 

723992 

7*4389 

7*4785 

725181 

725577 

725972 

a  79  77 

86  57 

3  3 

72597* 

726367 

726762 

727156 

7*7550 

7*7943 

7*8337 

3  XI9  116 

86  56 

8  4 

7*8337 

728729 

729122 

7*95  H 

729906 

730297 

730688 

4  158  154 

86  55 

3  5 

730688 

731079 

731469 

731859 

732249 

732638 

733027 

5  198  193 

86  54 

3  6 

733027 

7334'6 

733804 

734192 

734579 

734967 

735354 

6  238  232 

86  58 

3  7 

735354 

735740 

736126 

736512 

736898 

737*83 

737667 

7  277  270 

86  52 

3  8 

737667 

738052 

738436 

738820 

739*03 

739586 

739969 

8  317  309 

86  51 

3  9 

739969 

74035* 

740734 

741115 

741497 

741878 

742259 

9  356  347 

86  50 

3  10 

742259 

742639 

743019 

743399 

743778 

744  J  57 

744536 

12*  ir 

86  49 

3  11 

744-536 

744914 

745*93 

745670 

746048 

746425 

746802 

1"  38  37 

86  48 

3  12 

746802 

747178 

747554 

747930 

748305 

748680 

749055 

«  75  73 

86  47 

3  13 

749055 

749430 

749804 

750178 

750551 

750924 

751297 

3  113  1x0 

86  46 

3  14 

751297 

751670 

752042 

75H'4 

75*786 

753»57 

7535*8 

4  150  146 

86  45 

3  15 

7535*8 

753898 

754*69 

754639 

755008 

755378 

755747 

5  x88  183 

86  44 

3  16 

755747 

756116 

756484 

756852 

757220 

757587 

757955 

6  226  220 

86  43 

3  17 

757955 

7583*1 

758688 

759054 

7594*0 

759786 

760151 

7  263  256 

86  42 

3  18 

76ox5x 

760516 

760881 

761245 

761609 

761973 

762337 

8  301  293 

86  41 

3  19 

762337 

762700 

763063 

7634*5 

763787 

764149 

764511 

9  338  329 

86  40 

8  20 

7645 II 

764872 

765*34 

765594 

765955 

766315 

766675 

22r  27 

86  39 

3  21 

766675 

767034 

767394 

767752 

768111 

768469 

768828 

1"36  35 

86  38 

3  22 

768828 

769185 

769543 

769900 

770257 

770613 

770970 

2  71  70 

86  37 

3  23 

770970 

771326 

771681 

772037 

77239* 

772747 

773101 

3  107  105 

86  36 

3  24 

773101 

773456 

773810 

774163 

774517 

774870 

775**3 

4  143  139 

86  35 

3  26 

775**3 

775575 

7759*7 

776279 

776631 

776982 

777333 

5  178  174 

86  34 

3  26 

777333 

777684 

778035 

778385 

77873s 

779085 

779434 

6  214  209 

86  33 

3  27 

779434 

779783 

780132 

780480 

780829 

781177 

781524 

7  250  244 

86  32 

3  28 

78x524 

781872 

782219 

782566 

782912 

783259 

783605 

8  286  278 

86  31 

3  29 

783605 

78395* 

784296 

784641 

784986 

78533X 

785675 

9  321  313 

86  30 

3  30 

785675 

786019 

786363 

786707 

787050 

787393 

787736 

86  29 

6  / 

60" 

50" 

40" 

30" 

20" 

10" 

0" 

Parts 

0  / 
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LOG.  SINES  OF  SMALL  ARCS  TO  TEN  SECONDS            1 

o  / 

0" 

10" 

20" 

30" 

40" 

50" 

«0" 

Parte 

0  / 

3  30 
3  31 
3  32 
3  33 
3  34 

3  36 
3  36 
3  37 
3  38 
3  39 

8- 

785675 
787736 
789787 

79x828 

793859 

795881 
797894 

799897 

80x892 

803876 

8- 
786019 

788078 
790x28 
792167 
794197 

796218 
798229 
800230 
802223 
804206 

8- 

786363 
788421 
790468 
792506 

794534 

796553 

798563 
800563 

802554 

804536 

8- 

786707 
788762 
790808 

79*845 
794872 

796889 

798897 
800896 

802885 

804866 

8* 

787050 
789104 

79  "49 
793183 
795*08 

797224 

799*31 
80x228 
8032x6 

805195 

8- 

787393 
789446 

791488 

7935*1 
795545 

797559 
799564 

801560 

803546 

805524 

8- 

787736 
789787 
791828 

793859 
795881 

797894 
799897 

80x892 

803876 

805852 

32  3r 

»"  34  33 

2  68  66 

3  X02  xoo 

4  136  133 

5  170  x66 

6  204  X69 

7  238  232 

8  272  266 

9  306  299 

86  29 
86  28 
86  27 
86  26 
86  25 

86  24 
86  23 
86  22 
86^1 
86  20 

3  40 
3  41 
3  42 
3  43 
3  44 

3  45 
3  46 
3  47 
3  48 
3  49 

805852 
807819 
809777 
811726 
813667 

8x5599 
8x7522 
819436 
821343 
823240 

806x81 
808146 
810x03 
8x2050 
813989 

815920 
8x7841 

819755 
821659 

823556 

806509 
808473 
8x0428 
8x2374 
8143 12 

816241 
818161 
820073 
82x976 
823871 

806837 
808799 
810753 
812698 
8x4634 

816561 
818480 
820390 
822292 
824186 

8*07165 
809126 
81 1078 
8x3021 
814956 

8x6882 
818799 
820708 
822609 
824501 

807492 
809451 
81x402 

813344 
8x5277 

817202 
819XX8 
821025 
822925 
824816 

807819 
809777 
811726 
8x3667 
8x5599 

8x7522 
8x9436 
82x343 
823240 
825130 

42'  47' 
1"  32  32 
2  65  64 

8  97  95 

4  X30  127 

6  162  159 

6  195  X91 

7  228  223 

8  26X  254 

9  293  286 

86  19 
86  18 
86  17 
86  16 
86  15 

86  14 
8C  13 
86  12 
86  11 
m  10 

3  50 
3  51 
3  52 
3  53 
3  54 

3  55 
3  56 
3  57 
3  58 
3  59 

825130 
8270 XX 
828884 
830749 
832607 

834456 
836297 

838x30 

839956 

841774 

825444 
827324 
829196 
83x060 
8329x5 

834763 
836603 

838435 

840260 

842076 

825758 
827637 
829507 
831369 

8332*4 
835070 
836909 
838740 
840563 
84'i37« 

826072 
827949 
8298x8 
83x679 

83353* 

835377 
8372x5 

839044 

840866 

842680 

826385 
828261 
830129 
83x988 
833840 

835684 
837520 

839348 
841x69 
842982 

826698 

8*8573 
830439 

832298 

834148 

835991 
837825 
839652 
841472 
843283 

8270XX 
828884 
830749 
832607 

834456 
836297 
838x30 

839956 
84x774 

843585 

52'  67' 
1"  3X  30 
2  62  61 

5  93  9x 

4  X24  X22 

6  X55  X52 

6  187  182 

7  2x8  2x3 

8  249  243 

9  280  274 

86  9 
86  8 
86  7 
86  fi 
86  5 

86  4 
86  3 
86  2 
86  1 
86  0 

4  0 
4  1 
4  2 
4  3 
4  4 

4  5 
4  6 

4  7 

4  8 
4  9 

843585 

845387 
847x83 
848971 
85075 X 

852525 

854*91 
856049 

857801 

859546 

843886 
845687 
847481 
849268 
851047 

852819 

854584 
856342 

858092 

859836 

844x86 

845987 
847780 

849565 
851343 
853114 
854878 
856634 
858383 
860126 

844487 
846286 

848078 
849862 
851639 

853408 

855*71 
856926 

858674 

860415 

844787 
846585 

848376 
850x59 

851934 

853703 

855464 
857218 

858965 

860705 

845087 
846884 
848673 
850455 
8  52229 

853997 

855757 
8575x0 

859*55 
860994 

845387 
847x83 

848971 

850751 

85*5*5 
854291 
856049 
857801 

859546 
861283 

.  2'  7' 
I"  30  29 
3  60  58 

3  89  88 

4  119  XX7 

1  149  146 

6  179  175 

7  209  204 

8  238  234 

9  268  263 

85  59 
85  58 
85  57 
85  66 

85  65 

86  54 
85  63 
85  52 
85  51 
85  50 

4  10 
4  11 
4  12 
4  13 
4  14 

4   15 
4  16 

4  17 
4  18 
4  19 

861283 
863014 

864738 
866455 
868x65 

869868 
87x565 

873*55 
874938 

876615 

86x572 
863302 
865024 
866740 
868449 

870151 

871847 
873536 
875218 
876894 

861861 

863589 
86531X 

867025 

868733 
870434 
872129 

8738x7 

875498 
877172 

862x49 
863877 

865597 
867310 
869017 

870717 
872410 
874097 

875777 
877451 

862438 
864x64 
865883 
867595 
869301 

87x000 
872692 
874378 
876057 
877729 

862726 
86445 X 
866x69 
867880 
869585 

871282 

87*973 
874658 

876336 

878007 

8630x4 
864738 
866455 
868165 
869868 

871565 

873*55 
874938 
876615 

878285 

12'  ir 

I"  30  28 

2  57  56 

3  86  84 

4  XJ4  X12 

5  143  140 

6  172  169 

7  200  197 

8  229  225 

9  257  253 

85  49 
85  48 
85  47 
85  46 
85  45 

85  44 
85  43 

85  42 

86  41 
85  40 

4  20 
4  21 
4  22 
4  23 
4  24 

4  25 
4  26 
4  27 
4  28 
4  29 

4  30 

878285 
879949 

881607 
883258 

884903 

886542 
888x74 
889801 

89 142 X 

893035 
894643 

878563 
880226 
88x883 

883533 
885177 
886874 
888446 
890071 
891690 
893304 

894QII 

87884X 
880503 
882x58 
883807 
885450 

887087 
8887x7 
890341 
891960 

89357* 
895178 

879XX8 
880779 
882433 
884081 
885723 

887359 
888988 

8906x2 

892229 

893840 

895445 

879395 
881055 

882708 

884355 

885996 

88763 X 
889259 
890882 
892498 
894108 

89571a 

879672 
88133X 
882983 
884629 
886269 

887903 
889530 
891x51 
892767 
894376 

895979 

879949 
88x607 

883258 

884903 

886542 

888x74 
889S0X 
89x42 X 
893035 
894643 

896246 

22'  27' 
1"  28  27 

2  55  54 

3  82  81 

4  xxo  108 

6  X37  135 

6  165  162 

7  X92  189 

8  220  2x6 

9  247  243 

85  89 
85  38 
85  37 

85  36 

86  35 

85  34 
85  33 
85  32 
85  31 

85  30 

86  29 

O    / 

60" 

60" 

40" 

80" 

20" 

10" 

0" 

Parte 

0  / 

Conine                               | 
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TABLE  68 

0.  SINES 

,  COSINES,  dee.                                                           { 

Qh  Om 

0^ 

I 

/  // 

Sine 

D. 

Cooec. 

Tangent 

D. 

Cotang. 

Secant 

D. 

Corine 

n. 

•• 

/  '/ 

0 

O 

—  oo 

eo 

—  00 

00 

lO'OCOOOO 

0 

lO'OOOOOO 

60 

CO 

30 

2 

6*162696 

477121 

>3'837304 

6*162696 

477121 

13-837304 

10*000000 

0 

10*000000 

58 

30 

1 

4 

6*463726 

221849 

13*536274 

6-463726 

221849 

13*536274 

IO*OOOCOO 

0 

10*000000 

56 

59 

SO 

0 

6-639817 

146128 

13*360183 

6-639817 

146128 

13*360183 

lO'OOOOOO 

0 

lO'OOCOCO 

54 

30 

2 

8 

6*764756 

109 145 

13*235244 

6-764756 

109145 

i3"a35»44 

10*000000 

0 

10*000000 

52 

56 

30 

10 

6*861666 

87150 

13*138334 

6-86x666 

87150 

13*138334 

10*000000 

0 

10*000000 

50 

30 

S 

12 

6*940847 

72550 

13*059153 

6*940847 

72551 

»3*o59»53 

10*000000 

0 

10*000000 
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8-544891 

1804 

11*455109 
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9*999733 

58 

88 

1 

4 
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1794 

11-453578 

8-546691 

1796 
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10*000269 

3   0 

9-999731 

56 

59 

30 

0 
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1786 

11*451788 
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10-000271 

3   0 
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54 

30 

2 

8 
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1779 
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1781 
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9*999726 

53 

58 

30 

10 

8-551770 

1772 

11*448230 

8*552046 

1774 
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9-999724 

58 

80 

3 

13 

8*553539 

1765 

11*446461 

8*553817 

1767 
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10-000278 

6   0 

9-999712 

48 

57 

80 

14 
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1758 

11-444700 
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1760 
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9-999720 

48 

80 

4 

16 
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1750 

11-442946 
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11-442664 

10*000283 
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9*999717 

44 

56 

80 

18 
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10*000285 
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43 

30 

5 

80 

to 

83 
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9*999713 

40 

38 

65 

30 
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1729 
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8*562563 
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9*9997" 

6 

34 
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11*435709 
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86 

54 
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1716 

11*434281 
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30 

7 
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8*567431 

1709 
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53 
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80 

80 
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38 

52 
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34 

51 

30 
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43 

8-577566 

1670 
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9*999685 
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11417136 

10*000318 

23    2 
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14 

80 

12 
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9*999680 

13 

48 

30 
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13 
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1489 
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34 

30 

40 
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27 
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11-369089 
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30 

29 
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31 

80 

58 
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9*999586 
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30 
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2 

0 
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00 

29 

30 
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3 

0 
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54 

30 

32 
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8*645853 
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4 
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28 

30 
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6 

0 
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50 

30 

33 

19 

8*648274 
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8*648704 
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6 
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48 

27 

30 

14 

8*649690 
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40 

30 

34 
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11*348463 
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8 

9*999564 

44 

26 

30 

18 
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9 
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42 

30 

36 
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22 
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1400 
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11 
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38 

26 

30 

30 
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9*999556 

36 

M 
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1393 

11*342851 
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12 
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30 

24 

30 

20 
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10*000450 

13 
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34 

30 

37 

28 
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X  1*340525 
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14 

9*999547 

32 

23 

30 

30 
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16 

9*999544 

30 

30 

38 

32 
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16 
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28 

22 

30 

34 
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17 

2 
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20 

30 

39 

30 
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18 

2 
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24 

21 

30 

38 
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20 

90 
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"■330957 
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41 

44 
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xi'329130 

22 

2 

9*999524 

10 

19 

30 

40 

8*671739 

1343 
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8*672218 

1346 

11*327782 
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23 

2 
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14 

30 

42 

48 
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24 

2 
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12 

18 

30 
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10*000485 
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2 
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10 

30 

43 
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26 

3 
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•0 
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16 

30 
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30 
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14 
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12 
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49 
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30 

60 

12 

8*7x8800 

X205 

XX '28x200 

8*719396 

X209 

1 1*280604 

10*000596 

30 

3 

9.999404 

0 

0 

/  // 

n. 

Cosixie 

D. 

Secant 

Cotang. 

D. 

Tangent 

Cosec. 

Parts 

Sine 

/  // 

87° 

5»»  48'»       1 

698 


TABLE  68 


LOG.  SINES,  COSINES.  &c 

Qb   12'"                                                          3° 

/  // 

Sine 

D. 

Cosec. 

Tangent 

D. 

Cotang. 

Secant 

Parts 

Cosine 

■. 

/    It 

0 

0 

8718800 

1205 

11-281200 

8*719396 

1209 

11*280604 

10*000596 

9*999404 

fta 

60 

80 

s 

8*720004 

I202 

11-279996 

8-720603 

1205 

11*279397 

10-000599 

l"o 

9-999401 

58 

30 

1 

4 

8*721204 

1199 

11-278796 

8-721806 

1202 

11*278194 

10*000602 

2 

0 

9*999398 

58 

69 

30 

e 

8*722401 

"95 

11*277599 

8-723007 

1198 

11*276993 

10*000606 

3 

0 

9999394 

54 

30 

2 

8 

8-723595 

1192 

11-276405 

8*724204 

1 196 

11-275796 

10*000609 

4 

0 

9*99939 » 

52 

58 

30 

10 

8*724785 

1 189 

11-275215 

8*725397 

1192 

11*274603 

10-000612 

5 

9*999388 

50 

90 

3 

12 

8*725972 

1185 

11*274028 

8*726588 

1189 

11*273412 

10*000616 

6 

9-999384 

48 

«7 

30 

14 

8*727156 

1183 

11*272844 

8*727775 

1185 

11*272225 

10-000619 

7 

9*999381 

40 

90 

4 

16 

8*728337 

1179 

11*271663 

8*728959 

1183 

11*271041 

10*000622 

8 

9-999378 

44 

56 

30 

18 

8*729514 

1176 

1 1-270486 

8*730140 

"79 

11*269860 

10*000626 

9 

9*999374 

42 

30 

5 

ao 

SO 
2S 

8*730688 

1172 

11-269312 

8-731317 

1176 

11-268683 

10*000629 

10 
11 

9-999371 

40 

38 

66 

8*731859 

1170 

11*268141 

8*73*49* 

"73 

11*267508 

10*000633 

9999367 

30 

6 

34 

8*733027 

1 166 

11*266973 

8-733663 

1170 

11-266337 

10-000636 

12 

9*999364 

38 

64 

30 

M 

8-734192 

1163 

11*265808 

8*734831 

1166 

11*265169 

10*000639 

IS 

9999361 

31 

90 

7 

S8 

8*735354 

1160 

11*264646 

8735996 

1 164 

11*264004 

10-000643 

U 

9*999357 

33 

A3 

30 

30 

8-736512 

"57 

11-263488 

8737158 

1160 

11*262842 

10*000646 

15 

9*999354 

30 

90 

8 

32 

8-737667 

"54 

11*262333 

8-738317 

1158 

11*261683 

10*000650 

16 

9*999350 

28 

62 

30 

34 

8-738820 

1151 

11*261180 

8739473 

"54 

11*260527 

10*000653 

17 

9*999347 

20 

90 

9 

38 

8-739969 

1148 

11*260031 

8*740626 

1151 

11*259374 

10-000657 

18 

9*999343 

2t 

61 

so 

38 

8*741115 

"44 

11-258885 

8-741776 

1148 

11*258224 

10*000660 

19 

9*999340 

22 

90 

10 

40 
42 

8*74**59 

1142 

11-257741 

8-742922 

1146 

11-257078 

10*000664 

20 
21 

9*999336 

20 

50 

30 

8743399 

"39 

11*256601 

8*744066 

1 142 

11*255934 

10*000667 

9*999333 

90 

11 

44 

8744536 

1136 

11-255464 

8-745207 

"39 

11-254793 

10-000671 

22 

9*9993*9 

49 

30 

40 

8*745670 

1132 

V'*54330 

8*746344 

1136 

11*253656 

xo-000674 

23 

9-999326 

90 

12 

48 

8*746802 

1130 

11-253198 

8747479 

"34 

11*252521 

10-000678 

24 

9*999322 

48 

30 

90 

8-747930 

1127 

11-252070 

8*748611 

1130 

11*251389 

10-000681 

25 

9*999319 

30 

13 

ff2 

8*749055 

1124 

u-250945 

8*749740 

1 127 

11*250260 

10*000685 

26 

9*9993x5 

47 

30 

S4 

8-750178 

1121 

11-249822 

8*750866 

1x25 

11*249134 

10-000688 

27 

9*999312 

90 

14 

00 

8-751297 

X118 

11-248703 

8*751989 

1 122 

11*248011 

10*000692 

28 

9*999308 

46 

30 

58 

8-752414 

1115 

11-247586 

8*753109 

1119 

11*246891 

10-000695 

29 

9*999305 

90 

15 

30 

IS 

2 

8-753528 

1113 

11*246472 

8*754227 

xri6 

11*245773 

10-000699 

30 

9*999301 

58 

45 

8754639 

1109 

11245361 

8755341 

1113 

11-244659 

10-000703 

1 

0 

9*999*97 

90 

16 

4 

8755747 

1107 

11*244253 

8756453 

1110 

11*243547 

10-000706 

2 

0 

9*999*94 

58 

44 

30 

0 

8-756852 

1104 

11*243148 

875756* 

1107 

11*242438 

10-000710 

3 

0 

9999*90 

54 

30 

17 

8 

8757955 

IXOI 

11*242045 

8-758668 

1105 

11*24x332 

10-000713 

4 

0 

9*999287 

92 

43 

30 

10 

8-759054 

1098 

11*240946 

8-759771 

1 102 

11-240229 

10-0007x7 

5 

9*999283 

90 

90 

18 

12 

8*760151 

1096 

11-239849 

8*760872 

1099 

11*239128 

10*000721 

6 

9*999*79 

4S 

42 

30 

14 

8-761245 

1092 

11-238755 

8761970 

1097 

11-238030 

10-000724 

7 

9*999*76 

48 

90 

19 

18 

8*762337 

1090 

11-237663 

8*763065 

1093 

11*236935 

10-000728 

8 

9*999*7* 

44 

41 

30 

18 

8-763425 

1088 

11-236575 

8-764157 

109 1 

11-235843 

10*000732 

9 

9*999268 

42 

30 

20 

30 

20 
2S 

8-764511 

1084 

11-235489 

8-765246 

1088 

11*234754 

10-000735 

10 
11 

9*999265 

40 
38 

40 

8765594 

1082 

ii*2344X)6 

8766333 

1086 

11*233667 

10*000739 

9*999261 

90 

21 

24 

8*766675 

1079 

11*233325 

8-767417 

1083 

"•232583 

10-000743 

12 

9-999257 

38 

89 

30 

28 

8*767752 

1076 

11*232248 

8-768499 

1080 

11*231501 

10-000746 

13 

2 

9*999*54 

34 

90 

S2 

28 

8-768828 

1074 

11-231172 

8769578 

1077 

IX -230422 

10-000750 

14 

2 

9-999250 

32 

38 

30 

30 

8-769900 

1071 

11*230100 

8-770654 

1075 

11*229346 

10*000754 

15 

2 

9-999246 

30 

90 

23 

32 

8*770970 

1069 

11*229030 

8-771727 

1072 

11-228273 

10*000758 

16 

2 

9*999*4* 

28 

37 

30 

34 

8*772037 

1065 

11-227963 

8-772798 

1070 

11-227202 

10*000761 

17 

2 

9*999239 

28 

90 

24 

38 

8*773101 

1064 

11*226899 

8-773866 

1067 

11*226134 

10-000765 

18 

2 

9*999*35 

24 

36 

30 

38 

8-774163 

1 060 

11-225837 

8*774932 

1064 

X 1-225068 

10*000769 

19 

2 

9*99923 X 

22 

90 

26 

30 

40 
42 

8-775223 

1058 

11*224777 

877599s 

1062 

1 1  '224005 

10*000773 

20 
21 

2 

3 

9*999**7 

20 
18 

36 

8-776279 

1056 

11-223721 

8-777056 

1059 

11*222944 

10*000776 

9*999224 

90 

26 

44 

8777333 

1053 

11-222667 

8-778114 

1057 

11*221886 

10-000780 

22 

3 

9*999220 

18 

34 

30 

48 

8-778385 

1050 

11-221615 

8-779169 

1054 

11-220831 

10-000784 

23 

3 

9-999216 

14 

90 

27 

48 

8779434 

1048 

11*220566 

8-780222 

1051 

lx-219778 

10-000788 

24 

3 

9-999212 

12 

33 

30 

50 

8-780480 

1045 

11*219520 

8*781272 

1049 

11*218728 

10-000792 

25 

3 

9999208 

10 

• 

90 

28 

52 

8*781524 

1043 

11*218476 

8*782320 

1047 

11*217680 

10-000795 

26 

3 

9*999205 

8 

32 

30 

54 

8*782566 

1040 

11-217434 

8-783365 

1044 

11*216635 

10-000799 

27 

3 

9*999201 

8 

90 

29 

58 

8-783605 

1037 

11*216395 

8-784408 

1041 

11-215592 

10-000803 

28 

3 

9999197 

4 

31 

30 

58 

8*784641 

1036 

11-215359 

8785448 

1040 

11*214552 

10-000807 

29 

4 

9-999195 

2 

90 

30 

1« 

8-785675 

1032 

1 1 -2 14325 

8*786486 

1036 

IX-2135I4 

10-000811 

30 

4 

9*999189 

0 

30 

/  ft 

Cosine 

D. 

Seoant 

Cotang. 

D. 

Tangent 

Cosec. 

Parte 

Sine 

m. 

a. 

/  // 

86° 

S"*  46" 

• 

TABLE  6b 


6S9 


Qh  14m 


/  n 


30 

31 

M 
32 

30 

33 

30 

34 

so 
35 


36 

30 

37 
30 

38 


30 

40 


41 

30 

42 

30 

43 

30 

44 

30 
4ft 


30 

46 

30 

47 
30 

43 

30 

49 

30 

§0 


30 

61 

30 

52 

30 

53 
30 
54 

30 

55 


50 
30 

30 

58 

30 
59 

30 

00 
t  // 


0 

s 

4 

a 

8 
10 

M 
14 
10 
18 


M 

18 
38 
30 

31 
34 
38 
38 

40 

41 
41 

48 
48 
50 

51 
54 

50 
58 

18 

s 
4 
0 

8 
10 

IS 
14 
18 
18 


14 

18 

18 
30 

31 
84 

SO 
38 

40 

41 
44 
40 
48 
M 

81 
54 
80 

50 
16 


Sine 


785675 
786707 
787736 
78876a 
789787 
790808 

791828 
792845 

793859 
794872 

795M1 


D. 


796889 

797894 
798897 

799897 
800896 

801892 
802885 
803876 
804866 
805852 


806837 
8078x9 
808799 
809777 

810753 
81x726 
812698 
8x3667 
814634 
815599 


8x6561 
817522 
8x8480 
819436 
820390 

821343 

822292 

823240' 

824x86 

825130 


826072 
8270 I I 
827949 
828884 
829818 

830749 
831679 
832607 

83353* 
834456 


835377 
836297 
837215 
838x30 
839044 

839956 
840866 

841774 
842680 

843585 


Cosine 


032 
031 
028 
025 
023 
020 

0x9 
015 
0x4 
oxx 
009 


006 
004 
001 

000 

997 

995 
992 

990 

988 

986 


983 
982 

979 
976 

975 
972 
971 
968 
965 

964 


962 

959 
958 

955 
953 

951 
949 
947 
944 
943 


941 
938 
937 
934 
933 
931 
928 
927 
924 
923 


920 
9x9 
9x7 

9x5 
912 

91X 
909 
907 
906 
903 


D. 


LOG.  SINES,  COSINES,  &c. 


3° 


Cooec. 


214325 
2x3293 
212264 
211238 
2102x3 
209x92 

208172 
207155 
206 14 X 
205128 
2041x9 


203x11 
202106 
201 103 
200103 
199104 

198x08 
197XX5 
X96X24 

«95«34 
X94148 


193x63 
X9218X 
19x201 
190223 

189247 

X 8 8274 
187302 
186333 
X85366 
X8440X 


'83439 
182478 

X8X520 

X 80564 

1796 10 

178657 
177708 
176760 

175814 
174870 


1739*8 
X 72989 
X72051 
17XXX6 
170x82 

169251 
X68321 
167393 
166468 
165544 


164623 
163703 
162785 
16x870 
160956 

160044 

159*34 
158226 

157320 
15^415 


Secant 


Tangent 


786486 

78752X 

788554 

789585 
7906x3 

79x639 

792662 
793683 
79470 X 
795718 
79673 X 


797743 

79875* 

799759 
800763 

80x765 

802765 
803763 
804758 
80575 X 
806742 


8077^1 
808717 
809701 
810683 
811663 

8x2641 
8x36x6 
814589 
815560 
8x6529 


8x7496 
8x8461 
8x9423 
820384 
82x342 

822298 
823253 
824205 
825155 
826103 


827049 
827992 
828934 
829874 
830812 

83x748 
832682 
8336x3 

834543 
835471 


836397 
837321 
838243 
839x63 
840081 

840998 
84x9x2 
842825 

843735 
844644 


Cotang. , 


D. 


036 
034 
032 
029 
027 
025 

022 
0x9 
0x8 
0x5 

Ot2 


OXX 
008 
005 
004 
001 

998 

997 

994 

99* 
990 


'9»7 
986 

983 
9ax 

978 

977 

974 

97* 
970 

968 


966 
963 
962 

959 

958 

955 
953 
951 
949 
947 


945 

943 
941 

938 

937 

935 

933 

93« 

9*9 
926 


9*5 

9*3 
922 

9x9 

917 

915 
914 

9XX 

910 

907 


D. 

86^ 


Cotang. 


*i35>4 
2x2479 

2x1446 

210415 

209387 

208361 

207338 
206317 
205299 
204282 
203269 


202257 
20x248 
200241 

99*37 
98235 

97*35 
96237 

95242 

94*49 
93*58 


92269 
91283 
90299 
89317 
88337 

87359 
86384 

854XX 

84440 

83471 


82504 
8x539 
80577 
79616 
78658 

77702 
76747 
75795 
74845 
73897 


72951 
72008 
7x066 
70126 
69188 

68252 
673x8 
66387 

65457 
64529 


63603 
62679 

61757 
60837 

59919 
59002 
58088 

57«75 
56265 

55356 


Tangent 


Secant 


0*000811 
o<ooo8x5 
0*000819 
0*000822 
0*000826 
0*000830 

0*000834 
0*000838 
0*000842 
0*000846 
0*000850 


0*000854 
0*000858 
0*000862 
0*000866 
0*000870 

0*000874 
0*000878 
0*000882 
o'ooo886 
okx>o890 


0*000894 
0*000898 
0*000902 
0*000906 
0*000910 

0*0009x4 
0*0009x8 
0*000923 
0*000927 
0*000931 


0*000935 
0*000939 
0*000943 
0*000947 
0*000952 

0*000956 
0*000960 
0*000964 
0*000968 
0*000973 


0*000977 
0*00098 1 
0*000985 
0*000990 
0*000994 

0*000998 
0*001003 
0*00x007 

O'OOIOXX 

0*00x0x6 


0'00X020 

0*00x024 
0*001029 
0*00x033 
0*001037 

0*00x042 
0*001046 
0*001050 
0*001055 
0*001059 


Cosec. 


Parts 


1", 


I'o 
3   o 


3 

4 
5 

6 
7 
8 
9 
10 


16 
17 
18 
19 
20 


22 
23 
24 


26 
27 


6 
7 
8 
9 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 


o 
1 
I 

I 
X 
x 

X 
X 


n   I 
12  2 

13  2 

14  2 

15  2 


2 
2 
2 

3 
3 
21    3 


25    3 

3 

4 

28  4 

29  4 

30  4 


1  O 

2  o 

3  o 

4 
5 

6 
7 
8 
9 
0 

1  2 

2  2 

3  2 

4  2 
6  2 


2 
2 

3 
3 
3 

3 
3 
3 
3 
4 

4 
4 
4 
4 
4 


Parts 


Cosine 


9*999189 
9-999x85 
9*999x81 
9-999178 
9-999174 
9-999x70 

9*999166 
9*999162 
9-999158 
9*999154 
9*999150 


9*999146 
9*999x42 
9*999x38 
9*999134 
9*999130 

9*999x26 
9*999122 
9*999xx8 

9*999"4 
9'999ixo 


9*999106 
9*999102 
9*999098 
9-999094 
9*999090 

9*999086 
9*999082 
9*999077 
9*999073 
9*999069 


9.999065 
9*999061 
9*999057 

9*999053 
9*999048 

9*999044 
9.999040 
9*999036 
9999032 
9.999027 


9-999023 
9.999019 
9*999015 
9*999010 
9-999006 

9*999002 

9*998997 
9*998993 

9*998989 
9*998984 


9*998980 
9*998976 

9*998971 

9*998967 
9*998963 

9*998958 

9*998954 
9*998950 

9*998945 

9*998941 


Sine 


m- 


«6 
58 
56 
54 
51 
50 

48 
40 
44 
41 
40 

38 
3G 
34 
31 
30 

38 

so 

14 
12 
30 

18 
16 
14 
12 
10 

8 
6 
4 
2 

«5 

58 

56 

54 

52 

50 

48 
40 
44 
43 
40 

38 

30 
34 
32 
30 

18 
16 
14 
12 
20 

18 
16 
14 
11 
10 

8 
6 

4 
1 


f  n 
30" 

30 

29 

30 

28 

30 

27 
SO 

26 
so 
25 

so 
24 

30 

23 

30 

22 

30 

21 
so 
20 

so 
19 

30 

18 

30 

17 
30 

16 

30 

15 

so 
14 

so 
13 

so 

12 

so 

11 

30 

10 

30 

9 

30 

8 

30 

7 

80 

6 

so 

5 

so 
4 

so 

3 

so 

2 

30 
1 

30 
0 


jn. 


/  // 


5b  44m 


700 


TABLE  68 


Qh    KJm 


/  // 


». 


0 

M 
1 

30 

2 

30 

3 

80 

4 

30 
5 

30 
tf 

30 

7 

30 

8 
30 

9 

30 
10 

30 
11 

30 
12 

30 

13 

30 

u 

30 
15 

30 

16 

30 

17 

30 

18 
30 

19 

30 
20 

30 

21 

30 

22 

30 

23 

80 

24 

30 

25 

30 

26 

30 

27 

80 

28 

30 

29 

30 

30 


9  9i 


0 

% 

4 

6 

8 

10 

12 
14 
16 
18 
20 

22 
24 
20 
28 
30 

32 
34 

30 
38 
40 

43 
44 

40 

48 
00 

52 
54 
50 
58 
17 

2 

4 

6 

8 
10 

12 
14 
16 
18 
20 

22 
24 
26 
28 
30 

32 
34 

86 
38 
40 

42 
44 

46 
48 
50 

52 
64 
56 

58 
18 


Sine 


843585 
844487 
845387 
846286 

847 I »3 
848078 

848971 
849862 
850751 
851639 
852525 


853408 
854291 
855171 
856049 
856926 

857801 
858674 
859546 
860415 
861283 


862x49 
863014 
863877 
864738 
865597 

866455 
867310 
868x65 
8690x7 
869868 


8707x7 
871565 
872410 

873*55 
874097 

874938 
875777 
876615 

877451 
878285 


8791 18 
879949 
880779 
88x607 
882433 

883258 
884081 
884903 
885723 
886542 


8875*591 

888174 

888988 

88980X 

8906x2 

89X42X 
892229 
893035 
893840 
894643 


Cosine 


Parte 


It 


30 

60 

89 

1x9 

X49 

6  179 
7208 
8  238 
9268 
10  298 


1  29 

2  58 

3  88 

4  117 

5  X46 

6  X75 

7  204 
8233 
9  263 

10  292 


1 
2 
3 

4 
5 


29 

57 
86 

X14 

143 

6  172 

7  200 

8  229 
9257 

10  286 


1 
2 
3 

4 
6 


28 

56 
84 

1X2 

140 

6  x68 

7  X96 

8  224 

9  252 
10  280 


1 
2 
3 

4 
5 


27 

55 
82 

ixo 
137 

6  165 

7  192 

8  220 
9247 

10  275 


1 
2 
3 

4 
6 


27 

54 
8x 

108 

"35 

6  162 

7  189 
8216 
9243 

10  270 


Parte 


LOG.  SINES,  COSINES,  &c. 


4° 


Cosec. 


56415 

5S5>3 

54613 

53714 
52817 

51922 

51029 
50138 
49249 
48361 

47475 


46592 

45709 
44829 

4395' 
43074 
42x99 
41326 
40454 

39585 
38717 


3785X 
36986 
36123 
35262 

34403 

33545 
32690 

31835 
30983 

30132 


29283 

a8435 
27590 

^6745 
25903 

25062 
24223 
23385 
22549 
21715 


20882 
20051 
1922 1 

18393 
17567 

16742 
X5919 

15097 

X4277 

13458 


12641 
1x826 
XX012 
X0199 
09388 

08579 
07771 

06965 

06160 

05357 


Tangent 


8*844644 
8-84555X 
846455 

847358 
848260 

849x59 

850057 
850952 
851846 
852738 
853628 


Secant 


854517 

855403 
856288 

857171 

858053 

858932 
859810 
860686 
861560 
862433 


863303 
864173 
865640 
865906 
866769 

867632 
868492 
8693 5 X 
870208 
871064 


871918 
872770 
873620 
874469 

8753>7 
876162 
877006 
877849 
878689 
879529 


880366 
881202 
882037 
88286^ 
88J701 

884530 
885358U 
886185 
887010 
887833 


88^6^ 
8891^6 

890^95 
89x112 
891928 

892742 

893555 
894366 

895176 
895984 


Parte 


1" 
2 


30 
60 


3 

4 
6 

6 
7 
8 
9 
10 


90 

120 
150 

180 
210 

^39 
269 

299 


1 
2 
3 

4 
5 

6 
7 


29 

59 
88 

1x7 

X46 

176 

205 

8234 

9  264 

10  293 


I 
2 
3 

4 
6 


29 

58 
86 

"5 

X44 

6  173 

7  20X 

8  230 
9259 

10  288 


1 
2 
3 

4 
6 


28 
56 
85 

"3 
141 

6  169 

7  197 
8225 
9254 

10  282 


28 

55 
83 

XXX 

138 

x66 
193 

8  22X 

9249 

10  276 


1 
2 
3 

4 
5 

6 
7 


Cotang. 


II-X55356 

xx*i54449 

"•»53545 
IX*  1 52642 

11*15x740 

ix'150841 

11*149943 
ii'X49048 
xx'X48x54 
X I  *  147262 
J  X '146372 


X  1*145483 
IX- 144597 
XI' 1437 12 
xx*x42829 
X  1*14x947 

11*141068 
X  1*140190 
IX-X393I4 
11*138440 
II-X37567 


11*136697 
xi*X35827 
ii'X3496o 
11*134094 
11*133231 

11*132368 
XX* 13x508 
11*130649 
XX* 129792 
ix*X28936 


IX '128082 
11*127230 
11*126380 
xi'X2553i 
11*124683 

11*123838 
11*122994 
11*122x51 
11*1213x1 

11*120471 


11*119634 
11*118798 
ii*xx7963 
ii*xi7X3i 
11*116299 

11*1x5470 
ix'xx4642 
xx*ii38x5 
XI  112990 
ix*xi2i67 


2 


*7 
54 


f^  81 
'4  109 
'?^  136 

6  163 

7  190 

8  217 
9244 

10  271 


Cotang. 


Pftrte 

85° 


ii'xxx345 
11*110524 
11*109705 
ii*io8888 
11*108072 

11*107258 
11*106445 
11*105634 
I  X  *  X04824 
11*104016 


Secant 


10*001059 
10*001064 
10*001068 
io'ooio73 
10*001077 
10*001081 

10*001086 
10*00x090 
10*001095 
10*001099 
10*001104 


10*00x108 
10*00x113 
10*001117 
lo'ooi 122 
10*001127 

10*001131 
10*001136 
10*00x140 
10*00x145 
10*001149 


10*001x54 
10*001159 
10*00x163 
10*001168 
10*001173 

io*ooii77 
10*001182 
10*001187 
10*001191 
10*00x196 


10*001201 
10*001205 
10*00x2x0 
10*00x2x5 
10*0012x9 

10*00x224 
10*00x229 
10*00x234 
10*00x238 
10*001243 


10*00x248 
10*001253 
10*00x258 
10*00x262 
10*001267 

10*001272 
10*00x277 
10*00x282 
10*001287 
10*001292 


Tangent 


xo'oox296 
10*001301 
10*00x306 
xo*oox3xx 
10*001316 

10*001321 
10*001326 
XO-001331 
ib'oox336 
10*001341 


Parte 


1 
2 
3 

4 
6 

6 

7 

8 

9 

10 


It 


11  2 

12  2 

13  2 

14  2 

15  2 


16 
17 
18 
19 
90 

21 
22 
33 
24 
25 

26 
27 
28 
29 
30 


2 

3 
3 
3 
3 

3 
3 
3 
4 

4 

4 

4 
4 
4 
5 


1 
2 
3 

4 
6 

6 


7  I 

8 

9 


Cosec. 


23 
M 
25 

26 
27 
28 
29 
30 


Cosine 


9-998941 
9-998936 
9.998932 
9.998927 
9998923 
9*9989x9 

9*998914 
9*998910 
9*998905 
9*998901 
9*998896 


9*998892 
9-998887 
9*998883 
9*998878 
9*998873 

9*998869 
9*998864 
9-998860 
9*998855 
9*998851 


9*998846 
9*998841 
9*998837 
9*998832 
9*998827 

9*998823 
9*9988x8 
9*998813 
9*998809 
9*998804 


o 

o  9 

0  9 

1  9 
I  9* 

I 


9" 
9' 


•998799 
•998795 

•998790 

•998785 
998781 

998776 

,998771 

X  9*998766 

*'   I  9*998762 

10  2  9*998757 

11  2  9*998752 

12  2  9*998747 

13  2  9*998742 

14  2  9*998738 

15  2  9*998733 

16  3  9*998728 

17  3  9'9987a3 

18  3  9*998718 

19  3  9'9987i3 

20  3  9*998708 

21 


"    3  9*998704 

22   4  9*998699 

Oil   4  9*998694 

4  9*998689 

4  9*998684 

4  9*998679 

4  9*998674 

5  9*998669 
5  9*998664 

5  9*998659 


Parte 


38 
56 
54 
52 
50 

48 
48 
44 
42 
40 

38 
38 
84 
82 
30 

28 

26 
24 
22 

20 

18 
10 
14 
12 
10 

8 

6 
4 
2 


58 
50 
54 
52 
50 

48 
40 
44 


88 
36 
84 


Sine 


18 

ilr 

14 
12 
10 

8 

6 
4 
2 
t 


/  f 


ISO 
3d 
59 

39 

68 

30 

67 

30 

56 

30 

56 


30 
54 

30 

63 

30 
62 

30 

61 

30 

60 


49 

30 

48 

30 

47 

80 

46 

30 
45 


30 

44 

80 

43 

80 

42 

80 

41 

80 

40 


30 

39 

30 

38 

30 

37 

30 

36 

30 

95 


30 

3t 

30 

33 

30 

32 

30 

31 

80 

30 


/  99 


6i»  42" 


TABLE  68 

701 

LOG.  SINES,  COSINES,  &c. 

Qk  18«                                                         4° 

/  // 

j     Sum 

Pkrto 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parta 

Cosine 

pi, 

i  30 

30 

8-894643 

\     ^    , 

11*105357 

8*895984 

11*104016 

10*001341 

9*998659 

«2 

ao 

8-895443 

;   1''26 

11-104555 

8-896791 

1"27 

11*103209 

10*001346 

l"o 

9*998654 

08 

30 

31 

8-896246 

2    53 

11*103754 

8*897596 

2    53 

11*102404 

10*001351 

2    0 

9-998649 

58 

29 

ao 

8-897044 

3     79 

11*102956 

8*898400 

3    80 

11*101600 

10-001356 

3    1 

9-998644 

54 

30 

32 

8-897843 

4  ic6 

11*102158 

8-899203 

4  107 

11*100797 

10-001361 

4    1 

9*998639 

52 

28 

30 

8-89863S 

6  132 

11-101362 

8-900004 

5  133 

11*099996 

10-001366 

5    I 

9-998634 

50 

30 

33 

8-899432 

6159 

11-100568 

8*900803 

6  160 

11*099197 

10-001371 

6    1 

9-998629 

48 

27 

30 

8*900225 

7  185 

11-099775 

8-901601 

7  186 

11*098399 

10-001376 

7    I 

9-998624 

48 

30 

34 

8-901017 

8  212 

11-098983 

8*902398 

8  213 

11-097602 

10-001381 

8    I 

9*998619 

44 

26 

30 

8-901807 

9238 

11*098193 

8*903193 

9  240 

11-096807 

10-001386 

9   2  9*998614 

42 

30 

35 

t2 

8-902596 

10  265 

11-097404 

8-903987 

10  266 

11-096013 

10-001391 

10  2 

11  2 

9-998669 

40 
38 

25 

30 

30 

8-903383 

1     26 

11-096617 

8*904779 

1    26 

11-095221 

10*001396 

9*998604 

36 

14 

8*904169 

2    52 

11-095831 

8*905570 

2    52 

11*094430 

10*001401 

12   2 

9-998599 

38 

24 

30 

26 

8-904953 

3    78 

n-095047 

8*906359 

3    79 

11*093641 

10-001406 

13    2 

9-998594 

34 

30 

37 

28 

8-905736 

4  104 

11*094264 

8*907147 

4  105 

11*092853 

10-001411 

14   2 

9*998589 

32 

23 

30 

30 

8-906517 

5  130 

11-093483 

8*907934 

5  131 

11*092066 

10-001416 

15    3 

9*998584 

30 

30 

:ui 

33 

8-907297 

615^ 

11*092703 

8*908719 

6  157 

11-091281 

10*001422 

16    3 

9-998578 

28 

22 

30 

M 

8-908076 

7  182 

11*091924 

8-909503 

7  183 

11*090497 

10*001427 

17    3 

9-998573 

28 

30 

an 

38 

8-908853 

8  208 

11 '09 1 147 

8-910285 

8209 

11*089715 

10-001432 

18    3 

9*998568 

24 

21 

so 

38 

8-909629 

9234 

11*090371 

8*911066 

9236 

11-088934 

10-001437 

19   3 

9-998563 

22 

30 

40 
30 

40 
43 

8*910404 

10  260 

11-089596 

8*911846 

10  262 

11*088154 

10*001442 

20  3 

21  4 

9-998558 

20 
18 

20 

30 

8*911177 

1     26 

11-088823 

8-912624 

1    26 

11*087376 

10*001447 

9-998553 

41 

44 

8-911949 

2     51 

11-088051 

8*913401 

2    51 

11*086599 

10*001452 

22    4 

9-998548 

16 

1.9 

30 

48 

8*912719 

3    77 

11*087281 

8-914177 

3    77 

11*085823 

10*001458 

23   4 

9-998542 

14 

30 

42 

48 

8-913488 

4  102 

11*086512 

8-914951 

4  103 

11*085049 

10*001463 

24   4  9*998537! 

12 

18 

30 

50 

8*914256 

5  128 

11-085744 

8-915724 

6  129 

11*084276 

10*001468 

25   4 

9-998532 

10 

30 

43 

» 

8*915022 

6153 

11*084978 

8-916495 

6154 

11*083505 

10*001473 

26   4 

9*998527 

8 

17 

30 

54 

8-915787 

7  179 

11-084213 

8*917265 

7  180 

11*082735 

10*001478 

27    5 

9-998522 

6 

30 

44 

M 

8*916550 

8  204 

11-083450 

8*918034 

8  206 

11*081966 

10*001484 

28    5 

9-998516 

4 

16 

3;» 

58 

8-917313 

9230 

11-082687 

8*918801 

9  231 

11-081199 

10*001489 

29    5 

9*9985' < 

2 

30 

45 

30 

19 

2 

8-918073 

10  255 

11*081927 

8-919568 

10  257 

11-080432 

10-001494 

30    5 

9998506 

«1 

58 

15 
30 

8-918833 

1     25 

11*081167 

8*920332 

I    25 

11*079668 

10*001499 

1    0 

9*998501 

4G 

4 

8-919591 

2    50 

11*080409 

8-921096 

2    5. 

11*078904 

10*001505 

2   0 

9-998495 

58 

14 

311 

8 

8*920348 

3    75 

11-079652 

8-921858 

3     76 

11-078142 

10*001510 

3    I 

9998490 

54 

30 

47 

6 

8-921103 

4  100 

11*078897 

8-922619 

4  101 

11-077381 

10-001515 

4    1 

9998485 

52 

13 

30 

10 

8-921858 

6  125 

11-078142 

8-923378 

5  126 

11 -076622 

10*001521 

5    1 

9-998479 

50 

so 

4K 

12 

8-922610 

6  150 

11*077390 

8-924136 

6  152 

11-075864 

10-001526 

6    I 

9*998474 

48 

12 

3rt 

14 

8-923362 

7  175 

1 1-076638 

8924893 

7  177 

11-075107 

10*001531 

7    1 

9*998469 

48 

30 

49 

18 

8-924112 

8  201 

11*075888 

8*925649 

8  202 

11-074351 

10*001536 

8    I 

9-998464 

44 

11 

30 

18 

8-924861 

9226 

11*075139 

8-926403 

9  227 

11-073597 

10-001542 

9   2 

9-998458 

42 

30 

.>0 

.10 

20 
W 

8-925609 

10  251 

11-074391 

8*927156 

10253 

11-072844 

10-001547 

10  2 

11  2 

9*998453 

40 
38 

10 

30 

8-926355 

1    »5 

11-073645 

8-927908 

1  25 

11*072092 

10-001552 

9-998448 

51 

24 

8-927100 

2    49 

1 1  -072900 

8*928658 

2    50 

11*071342 

10-001558 

12   2 

9-998442 

38 

9 

30 

26 

8-927844 

3    74 

11-072156 

8*929407 

3    74 

11-070593 

10*001563 

13    2 

9-998437 

34 

30 

i2 

28 

8-928587 

4    99 

11*071413 

8-930155 

4    99 

11*069845 

10-001569 

1*    3 

9*998431 

32 

8 

30 

30 

8-929328 

5  123 

11-070672 

8-930902 

5  124 

11*069098 

10*001574 

16    3 

9-998426 

30 

30 

53 

32 

8*930068 

6  148 

11*069932 

8-931647 

6  149 

11*068353 

10-001579 

16    3 

9998421 

28 

7 

30 

34 

8-930806 

7  173 

11*069194 

8-93239* 

7  174 

11-067609 

10-001585 

17    3 

9-998415 

26 

30 

54 

38 

8-931544 

8  197 

11*068456 

8-933134 

8  199 

11-066866 

10*001590 

18    3 

9-998410 

24 

6 

30 

38 

8-932280 

9  222 

11-067720 

8-933876 

9  223 

11*066124 

10-001596 

19    3 

9*998404 

23 

30 

55 

30 

40 
42 

8-933015 

10  247 

11*066985 

8-934616 

10  248 

11*065384 

10-001601 

20  4 

21  4 

9.998399 

20 
18 

5 

30 

8'933749 

1    24 

11-066251 

8*935355 

1    24 

1 1*064645 

10-001606 

9*998394 

5(! 

44 

8-934481 

2    48 

11*065519 

8*936093 

2    49 

11*063907 

10-001612 

22   4 

9-998388 

18 

4 

30 

48 

8-935212 

3    73 

11-064788 

8-936830 

3    73 

11*063170 

10-001617 

23   4 

9-998383 

14 

30 

67 

48 

8'93594» 

*    97 

1 1  -064058 

8*937565 

4    98 

11-062435 

10*001623 

24    4 

9*998377 

12 

3 

30 

80 

8-936671 

S  121 

11*063329 

8-938299 

5  122 

11*061701 

10-001628 

25    4 

9-998372 

10 

30 

58 

.12 

8*937398 

6  145 

1 1  -062602 

8*939032 

6  147 

11-060968 

10*001634 

26    5 

9-998366 

8 

a 

30 

54 

8*938125 

7  170 

11*061875 

8-939764 

7  171 

11*060236 

10-C01639 

27    5 

9-998361 

6 

M 

59 

58 

8-938850 

8  194 

11-061150 

8-940494 

8195 

11*059506 

10*001645 

28    5 

9*998355 

4 

1 

30 

58 

8'939573 

9218 

11*060427 

8-941224 

9  220 

11*058776 

10*001650 

29    5 

9*998350 

3 

30 

r>o 

f  // 

ao 

8*940296 

10  242 

11-059704 

8*941952 

10  244 

11*058048 

10*001656 

30    5 

9*998344 

0 

0 
/// 

*. 

Cosine 

Parts 

Secant   |  Cotanfr. 

Parta 

Tangent  1    Cosec. 

Parts 

Sine 

m. 

85^                                                         5»»  40"" 

ro2 

^ 

TABLE 

68 

LOG.  SINES,  COSINES.  &c. 

1 

0*"  20"* 

5° 

1 

/  It 

in. 

Sine 

Parts 

Cosec. 

Tangent 

Pkirts 

Cotang. 

Secant 

Parts 

Cosine 

a. 

/   // 

0 

0 

8*940296 

11-059704 

8941952 

11*058048 

10*00x656 

9*998344 

ftO 

60 

30 

2 

8*94Xoi7 

1"  24 

11*058983 

8*941679 

1"24 

11*057321 

10*001660 

1'^ 

0 

9-998339 

•8 

30 

1 

4 

8-941738 

2    48 

11*058262 

8*943404 

2    48 

11*056596 

10*001667 

2 

0 

9-998333 

M 

50 

30 

8 

8-94x457 

3    71 

"•057543 

8*944129 

3    72 

11-055871 

10*001672 

3 

I 

9*998328 

54 

ao 

2 

8 

8-943174 

*    95 

11*056826 

8-944852 

4     96 

11*055148 

10*001678 

4 

I 

9*998322 

R 

58 

90 

10 

8-943891 

5  119 

11*056109 

8-945574 

5  120 

11*054426 

10*001684 

5 

I 

9*998316 

SO 

30 

S 

13 

8-944606 

6  143 

ij -055394 

8*946295 

6144 

11-053705 

10*001689 

6 

I 

9*998311 

48 

57 

30 

14 

8-945321 

7  167 

11-054679 

8*947015 

7  168 

11*052985 

10*001695 

7 

I 

9*998305 

46 

30 

4 

)0 

8*946034 

8  191 

11*053966 

8'947734 

8  192 

11*052266 

10*001700 

8 

2 

9*998300 

44 

66 

80 

18 

8-946745 

9  214 

11*053255 

8*948451 

9  216 

11*051549 

10*001706 

9 

2 

9*998294 

42 

ao 

5 

20 
22 

8-947456 

10  238 

11*052544 

8*949168 

10  240 

11*050832 

io*ooi7xx 

10 
11 

2 
2 

9*998289 

40 

38 

55 

30 

8-948166 

1    23 

11*051834 

8-949883 

1     24 

11-050117 

xo*oox7i7 

9*998283 

JO 

6 

24 

8-948874 

2    47 

11*051126 

8-950597 

2    47 

11*049403 

xo*ooi723 

12 

2 

9*998277 

J8 

54 

30 

26 

8-949581 

3    70 

11*0504x9 

8*951309 

3    71 

11*048691 

10*00x728 

13 

2 

9*998272 

94 

30 

i 

28 

8-950287 

4     94 

11-0497x3 

8-952021 

♦    95 

11*047979 

10*00x734 

14 

3 

9*998266 

32 

53 

30 

30 

8-950992 

6  117 

11-049008 

8*952732 

6  118 

11*047268 

10*001740 

16 

3 

9*998260 

SO 

30 

8 

J2 

8*951696 

6  141 

11*048304 

8'95344i 

6  142 

11*046^59 

10*0017451 

16 

3 

9*998255 

28 

52 

30 

34 

8-952398 

7  164 

11*047602 

8*954149 

7  165 

11*045851 

10*00x751 

17 

3 

9.998249 

26 

90 

9 

36 

8-953100 

8  188 

X 1  -046900 

8*954856 

8  189 

11*045144 

10*001757 

18 

3 

9*998243 

24 

51 

30 

38 

8-953800 

9  211 

11*046200 

8-955562 

9  213 

11.044438 

10*001762 

19 

4 

9*998238 

32 

90 

10 

30 

40 
42 

8*954499 

10235 

11*045501 

8*956267 

10  236 

11*043733 

10*001768 

20 
21 

4 
4 

9-998»3a 

30 
IS 

50 

8*955197 

1    23 

11-044803 

8*956971 

1     23 

11*043029 

10*001774 

9*998226 

30 

11 

4^ 

8-955894 

2    46 

11*044x06 

8*957674 

2    47 

11*042326 

10*001780 

22 

4 

9*998220 

16 

49 

30 

46 

8-956590 

3    69 

11*043410 

8-958375 

3     70 

11*041625 

10-001785 

23 

4 

9-998215 

14 

30 

12 

48 

8-957284 

4    92 

11*042716 

8-959075 

4     93 

11*040925 

10-001791 

94 

5 

9*998209 

12 

48 

so 

50 

8-957978 

5  115 

XX '042 022 

8'959775 

5  116 

11*040225 

10*00x797 

25 

5 

9*998203 

10 

30 

13 

52 

8-958670 

6  138 

1X-04I330 

8*960473 

6  140 

11*039527 

10*001803 

26 

5 

9*998197 

8 

47 

so 

54 

8-959362 

7  161 

11-040638 

8*961170 

7  163 

11*038830 

10*001808 

27 

5 

9*998192 

6 

30 

14 

56 

8*960052 

8  185 

11*039948 

8-961866 

8  186 

11*038134 

10*001814 

28 

5 

9*998186 

4 

46 

30 

58 

8-960741 

9208 

11*039259 

8-962561 

9  209 

11*037439 

10*001820 

29 

6 

9*998180 

2 

30 

15 
30 

21 

2 

8-961429 

10  231 

xi*03857i 

8*963255 

10233 

11*036745 

10-001826 

30 

6 

9*998174 

39 

56 

45 

30 

8-962116 

1     43 

X 1-037884 

8-963947 

1    23 

11*036053 

10*001832 

1 

0 

9*998168 

16 

4 

8-962801 

2    45 

11*037199 

8*964639 

2    46 

11-035361 

10*001837 

2 

0 

9*998163 

56 

44 

39 

6 

8-963486 

3    68 

11*036514 

8*965329 

3    69 

11*034671 

10-001843 

3 

I 

9*998157 

54 

an 

17 

8 

8*964170 

4    91 

11*035830 

8*966019 

4    92 

11*033981 

10*00x849 

4 

I 

9*998151 

92 

43 

31* 

10 

8-964852 

6  1x4 

11*035x48 

8*966707 

6  115 

11*033293 

10*001855 

5 

x 

9*998145 

50 

so 

18 

12 

8-965534 

6  136 

11-034466 

8*967394 

6  137 

11-032606 

io*ooi86x 

6 

I 

9*998139 

« 

42 

30 

14 

8*966214 

7  159 

11-033786 

8*968081 

7  160 

11*031919 

10*001867 

7 

I 

9*998133 

40 

90 

19 

16 

8*966893 

8  182 

11*033107 

8-968766 

8  183 

ir'>3i234 

10  001872 

8 

2 

9*998128 

44 

41 

30 

18 

8-967572 

9  205 

11*032428 

8*969450 

9  206 

11*030550 

10*001878 

9 

2 

9-998122 

43 

30 

20 

30 

20 
22 

8*968249 

10  227 

11*031751 

8*970133 

10  229 

11*029867 

10*001884 

10 
11 

2 
2 

9-998x16 

40 
38 

40 
30 

8-968925 

1     22 

11*031075 

8-970815 

I    23 

11*029185 

10*001890 

9*998110 

21 

24 

8*969600 

2    4S 

11*030400 

8*971496 

2    45 

11*028504 

10*001896 

12 

2 

9*998104 

36 

39 

30 

36 

8*970274 

3    67 

11*029726 

8*972176 

3    68 

11*027824 

10*001902 

13 

3 

9*998098 

94 

30 

22 

28 

8*970947 

4     89 

11*029053 

8*972855 

4    90 

11*027x45 

10*001908 

14 

3 

9*998092 

32 

38 

30 

30 

8-971619 

5  112 

11*028381 

8-973532 

6  113 

1 1*026468 

10*001914 

16 

3 

9-998086 

30 

30 

23 

32 

8-972289 

6  134 

11*027711 

8*974209 

6  135 

11*025791 

10*001920 

16 

3 

9-998080 

38 

37 

30 

34 

8-972959 

7  156 

11*027041 

8*974885 

7158 

11*0251x5 

10*001926 

17 

3 

9*998074 

36 

30 

24 

36 

8973628 

8  179 

11*026372 

8*975560 

8  x8o 

II  024440 

10*001932 

18 

4 

9*998068 

24 

36 

30 

38 

8-974296 

9  201 

11*025704 

8*976233 

9203 

11*023767 

10*001938 

19 

4 

9*998062 

22 

30 

25 
30 

40 
42 

8-974962 

10  223 

11*025038 

8-976906 

10  226 

11*023094 

10*001944 

20 
91 

4 
4 

9*998056 

20 

35 

ao 

8-975628 

1     12 

11*024372 

8*977578 

1     22 

11*022422 

10*001950 

9*998050 

26 

44 

8*976293 

2    44 

11*023707 

8*978248 

2    44 

11*021752 

10*001956 

22 

5 

9*998044 

34 

30 

46 

8*976956 

3    66 

11*023044 

8*978918 

3    67 

11*021082 

10*001962 

23 

5 

9-998038 

ac- 

27 

48 

8-977619 

4    88 

11*022381 

8-979586 

4    89 

11*020414 

10*001968 

24 

5 

9*998032 

33 

30 

50 

8-978280 

5  no 

11*021720 

8*980254 

5  III 

11*019746 

10*001974 

25 

5 

9*998026 

30 

28 

52 

8-978941 

6  132 

11*021059 

8*980921 

6  133 

11*019079 

10*00x980 

26 

5 

9-998020 

32 

30 

54 

8*979600 

7  154 

11*020400 

8*981586 

7156 

11*018414 

10*001986 

27 

5 

9*998014 

ao 

29 

56 

8-980259 

8  176 

11*019741 

8*982251 

8  178 

11*017749 

10*001992 

28 

6 

9-998008 

31 

30 

58 

8*980916 

9  198 

11*019084 

8*982914 

9  200 

11*017086 

10*001998 

29 

6 

9*998002 

90 

30 

%% 

8-981573 

10  220 

11*018427 

8*983577 

10  222 

11*016423 

10*002004 

30 

6 

9997996 

30 

/  // 

m. 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Pkrts 

Sine 

•. 

/  n 

84° 

5"  SB"       1 

TABLE  68 


70.'^ 


LOG.  SINES,  COSINES,  &c. 

1 

C  22™                                                          5°                                                                           1 

/  // 

Id" 

m. 

Sine 

Vwrts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

? 

/  // 

0 

8-981573 

X  1*0x8427 

8-983577 

i 

11*016423 

10*002004 

9*997996 

38 

30 

30 

s 

8*982218 

1*  22 

11*017772 

8*984238 

1"22 

11*015762 

10*002010 

l"o 

9-997990 

58 

30 

31 

4 

8*982883 

2    43 

ix*oi7ii7 

8*984899 

2    44 

11*015101 

10*002016 

2 

0 

9*997984 

56 

'29 

10 

6 

8*983536 

3    65 

X  1*0 1 6464 

8*985559 

3    66 

11*014441 

10-002C22 

3 

1 

9-997978 

54 

30 

32 

B 

8*984189 

4    87 

xx*oi58ii 

8*986217 

4    88 

11*013783 

10*002028 

4 

I 

9*997972 

52 

28 

90 

10 

8*984840 

5  109 

11*015160 

8*986875 

5  110 

11*013125 

10*002035 

5 

1 

9-997965 

50 

30 

33 

12 

8*985491 

6  130 

11*014509 

8-987532 

6  131 

11*012468 

10*002041 

6 

1 

9*997959 

48 

27 

30 

14 

8*986141 

7  152 

11*013859 

8*988187 

7  153 

xi*oxx8x3 

10*002047 

7 

1 

9*997953 

46 

30 

34 

10 

8*986789 

8174 

11*0x3211 

8*988842 

8  175 

11*011x58 

10*002053 

8 

2 

9*997947 

44 

26 

30 

18 

8*987437 

9195 

11*0x2563 

8*989496 

9197 

11*010504 

10*002059 

9 

2 

9*997941 

42 

30 

35 

90 

8*988083 

10  2x7 

xx*oxi9i7 

8*990149 

10  219 

xx*oo985i 

10*002065 

10 
11 

2 
2 

9*997935 

40 
38 

25 

3£ 

30 

8*988729 

1     21 

II*OXX27X 

8*990801 

1     22 

X  1*009x99 

10*002071 

9*997929 

36 

u 

«'989374 

a  43 

11*010626 

8*991451 

2    43 

X  1*008549 

10*002078 

12 

2 

9*9979" 

36 

24 

30 

ao 

8*990017 

3    64 

11*009983 

8*992x01 

3    65 

XX -007899 

10-002084 

13 

3 

9-997916 

34 

30 

37 

» 

8*990660 

4    85 

11*009340 

8*992750 

4    86 

XX -0072 50 

10-002090 

14 

3 

9-997910 

32 

2:^ 

30 

30 

8*991301 

5  107 

11*008698 

8*993398 

6  108 

X  1*006602 

10*002096 

15 

3 

9-997904 

30 

30 

38 

32 

8*991943 

6  128 

1 1*008057 

8*994045 

6  129 

11*005955 

10*002x03 

16 

3 

9*997897 

28 

22 

ao 

34 

8*992583 

7  150 

11*007417 

8-994692 

7  151 

11-005308 

10*002x09 

17 

4 

9*997891 

30 

30 

39 

30 

8*993222 

8  171 

11*006778 

8'995337 

8  173 

11*004663 

10*002115 

18 

4 

9*997885 

24 

21 

30 

38 

8*993860 

9  192 

11*006140 

8*99598x 

9  194 

11-004019 

IO-00212I 

19 

4 

9-997879 

22 

30 

40 

30 

40 
42 

8-994497 

10  2x4 

11*005503 

8*996624 

10216 

11*003376 

10*002128 

20 
21 

4 
4 

9*997872 

20 
18 

20 

30 

8'995i33 

1    21 

11*004867 

8-997267 

I     21 

11-002733 

10*002134 

9*997866 

41 

44 

8*995768 

2    4» 

11*004232 

8*997908 

2    43 

11*002092 

10*002140 

22 

5 

9-997860 

16 

19 

30 

46 

8*996402 

3    63 

11*003598 

8-998549 

3     64 

11*001451 

10*002146 

23 

5 

9*997854 

14 

30 

4S 

48 

8*997036 

4    84 

11*002964 

8*999x88 

4     85 

Il'0008l2 

10*002153 

24 

5 

9*997847 

12 

18 

30 

50 

8*997668 

5  X05 

11*002332 

8*999827 

6  106 

11-000173 

10*002159 

25 

5 

9*997841 

10 

30 

43 

92 

8*998299 

6  126 

11*00x701 

9*000465 

6  128 

»o*999535 

10*002165 

26 

5 

9*997835 

8 

17 

30 

54 

8*99?930 

7  X47 

11*001070 

9*001102 

7  149 

10*998898 

10*002172 

27 

6 

9*997828 

6 

30 

44 

66 

8*999560 

8  168 

X  1*000440 

9*001738 

8  170 

10*998262 

10*002178 

28 

6 

9*997822 

4 

16 

30 

» 

9*000188 

9  189 

10*999812 

9-002373 

9  191 

10*997627 

10*002184 

29 

6 

9*9978x6 

2 

30 

45 

30 

as 

9-000816 

10  210 

10*999184 

9*003007 

10  213 

10*996993 

10*002191 

30 

6 

9*997809 

37 

58 

15 
30 

9001443 

1    21 

10*998557 

9-003640 

1     21 

10*996360 

10*002197 

1 

0 

9*997803 

46 

9*002069 

«    41 

10*997931 

9*004272 

2    42 

10-995728 

10*002203 

3 

0 

9*997797 

56 

14 

30 

9*002694 

3    62 

10*997306 

9*064904 

8    63 

10*995096 

10*002210 

3 

1 

9*997790 

54 

30 

47 

9-0033x8 

4    83 

10*996682 

9*005534 

4     84 

10*994466 

10*002216 

4 

I 

9*997784 

52 

13 

30 

9*003941 

5  104 

10*996059 

9*006164 

5  105 

10*993836 

10*002223 

6 

1 

9*997777 

50 

30 

48 

9*004563 

6  124 

10-995437 

9*006792 

6  126 

10*993208 

10*002229 

6 

I 

9*997771 

48 

12 

30 

9*005185 

7  145 

10*994815 

9*007420 

7  147 

10*992580 

10*002235 

7 

I 

9*997765 

46 

so 

49 

9*005805 

8  166 

10*994195 

9*008047 

8  167 

10*991953 

10*002242 

8 

2 

9*997758 

44 

11 

30 

18 

9*006425 

9  187 

10*993575 

9-008673 

9  188 

10*991327 

10*002248 

9 

2 

9*997752 

42 

30 

50 

20 
22 

9*007044 

10  207 

10*992956 

9*009298 

10  209 

10*990702 

10*002255 

10 
11 

2 
2 

9*997745 

40 

38 

10 

30 

30 

9*007661 

1     20 

10*992339 

9-009923 

1      21 

10-990077 

10*002261 

9*997739 

51 

24 

9*008278 

2    41 

io*i99i722 

9*010546 

2    4, 

10-989454 

10*002268 

12 

3 

9*99773* 

3b 

9 

30 

26 

9-008894 

3    6x 

10*991106 

9*011169 

3    62 

10*988831 

10*002274 

13 

3 

9*997726 

34 

90 

52 

28 

9*0095x0 

4    82 

10*990490 

9-011790 

4    83 

10*988210 

10*002281 

14 

3 

9*997719 

32 

8 

30 

30 

9*010124 

5  X02 

10*989876 

9*012411 

6  103 

10*987589 

10-002287 

15 

3 

9*9977x3 

30 

30 

53 

32 

9*010737 

6  X23 

xo*989263 

9*013031 

6  124 

10*986969 

10*002294 

16 

3 

9*997706 

28 

7 

30 

34 

9*01x350 

7  143 

10*988650 

9*0x3650 

7  145 

10*986350 

10*002300 

17 

4 

9*997700 

20 

30 

54 

36 

9*011962 

8  163 

10*988038 

9*014268 

8  165 

10*985732 

10*002307 

18 

4 

9-997693 

24 

6 

30 

38 

9*0x2572 

9  184 

xo*987428 

9*014886 

9  186 

10-985114 

10-002313 

19 

4 

9*997687 

22 

30 

55 

30 

40 

42 

9*0x3x82 

10  204 

xo*9868i8 

9-015502 

10  207 

10*984498 

10*002320 

20 
21 

4 
4 

0*997680 

20 
18 

5 

30 

9*013791 

1     20 

10*986209 

9'oi6ii8 

1     20 

10*983882 

10-002326 

9-997674 

56 

44 

9-0x4400 

2    40 

10*985600 

9*016732 

2    41 

10*983268 

10*002333 

22 

9-997667 

16 

4 

30 

46 

9*0x5007 

3    61 

10*984993 

9-017346 

3    61 

10*982654 

10*002339 

23 

9-99766X 

14 

30 

57 

48 

9*0x5613 

4    81 

10-984387 

9*017959 

4    81 

10*982041 

10*002346 

24 

9*997654 

12 

8 

30 

50 

9*016219 

5  XOX 

10*983781 

9*018572 

5  102 

10*981428 

10*002353 

25 

9*997647 

10 

30 

58 

92 

9*016824 

6  121 

10*983176 

9*019183 

6  122 

10*980817 

10*002359 

26 

9*997641 

,    8 

2 

30 

54 

9*017428 

7  141 

10*982572 

9*019794 

7  143 

10-980206 

10-002366 

27 

9.997634 

6 

3f 

59 

56 

9'oiSo3i 

8  x6i 

10-981969 

9*020403 

8  163 

10-979597 

10-002372 

28 

6 

9*997628 

4 

1 

30 

58 

9*'.;x8633 

9  182 

10*98x367 

9'02IOI2 

9  183 

10-978988 

10-002379 

29 

6 

9*99762X 

2 

31 

60 

M 

9*0x9235 

10  202 

10-980765 

9*021620 

10  204 

10-978380 

10-002386 

30 

6 

9-997614 

0 

0 

/  // 

m.    Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

/  // 

84^ 

5^  36»       1 

704 


TABLE  68 


Qh    24m 


/  // 


0 

30 

I 

30 

2 

30 

3 

30- 

4 

so 
5 

so 

30 

7 

30 

8 

30 

9 

30 
10 


30 
11 

30 
12 

30 

13 

30 
14 

30 

16 


30 

16 

30 

17 

30 

18 

30 

19 

30 

20 

30 

21 

30 

22 

30 

28 

80 

24 
30 
25 


30 

26 

80 

27 

30 

28 

30 

29 

30 

30 
/// 


0 
2 
4 

0 

8 

10 

12 
14 
10 
18 
20 

23 
24 
20 

28 
30 

32 
34 
30 
38 

40 

42 
44 

40 

48 
50 

S2 
54 

50 
58 

as 

2 

4 

8 

8 

10 

12 
14 

10 
18 
30 

22 
24 
30 
28 

30 

32 
34 

30 
38 
40 

42 
44 

46 

48 
50 

52 
54 
50 
58 


Sine 


9-019235 
9-019835 
9-020435 

9*021034 
9*021632 
9*022229 

9*022825 
9*023421 
9*024016 
9*024610 
9*025203 


9-025795 

9*026386 
9*026977 
9*027567 
9*028156 

9*028744 

9*029332 

9*029918 

9*030504 

9*031089 


9*031673 

9*032257 

9*032839 

9*033421 

9*034002 

9*034582 

9*035162 

9*035741 

9*036319 
9*036896 


9*037472 

9*038048 
9*038623 

9*039197 
9*039770 

9*040342 

9*040914 

9*041485 
9*042055 

9*042625 


9*043194 

9*043762 

9*044329 
9*044895 
9*045461 

9*046026 
9*046590 

9*047 154 
9*047717 

9*048279 


Parte 


i/' 


r-  20 

2  40 

3  60 

4  79 

5  99 

6  119 

7  139 
8159 

9  179 
10  199 


1 
2 
3 

4 
5 


20 

39 
59 
78 
98 


6  118 

y  137 

8  157 

9  176 
10  196 


1 
2 
3 

4 
5 


19 
39 
58 
77 
97 


6  116 

7  135 

8  155 

9  174 
10  193 


1 
2 
3 

4 
5 


19 
38 
57 
76 
95 

6  114 

7  133 

8  153 

9  172 
10  191 


1 
2 
3 

4 
5 


19 
38 
56 
75 
94 

6  113 

7  13* 

8  151 

9  169 
10  188 


9*048840 
9*049400 
9*049960 
9*050519 
9*051078 

9*051635 
9*052192 
9*052749 
9-053304 

9*053859 


CoBine 


1 
2 
3 

4 
5 

6 
7 


'9 
37 
56 
74 
93 
III 
130 

8  149 

9  167 
10  186 


LOG.  srNES,  COSINES,  itc. 


Cosec. 


Parte 


0*980765 
0*980165 
0*979565 
0*978966 
0*978368 
0*977771 

0*977175 

0*976579 

0*975984 
o*9753Qo 

0*974797 


0*974205 
0*973614 
0*973023 
0*972433 
0*971844 

0*971256 
0*970668 
0*970082 
0*969496 
0*968911 


0*968327 
0*967743 
0*967161 
0*966579 
0*965998 

0*965418 
0*964838 
0*964259 
0*963681 
0*963104 


0*962528 
0*961952 
0*961377 
0*960803 
0*960230 

0*959658 
0*959086 
0*958515 
0*957945 

0*957375 


0*956806 
0*956238 
0*955671 
o*955ip5 

0*954539 
0*953974 
0*953410 
0-952846 
0*952283 
0*951721 


0-951160 
0*950600 
0*950040 
0*949481 
0*948922 

0*948365 
0*947808 
0*947251 
0*946696 
0*946141 


Tangent 


9*021620 
9*022227 
9-022834 
9*023439 
9*024044 
9*024648 

9*025251 

9*0*5853 
9*026455 

9*027055 

9*027655 


9*028254 
9*028852 
9*029450 
9*030046 
9*030642 

9*031237 
9*031831 
9*032425 
9*033017 
9*033609 


9*034200 
9*034791 
9*035380 
9*035969 
9*036557 

9*037144 

9*037730 
9*038316 

9*038901 

9*039485 


9*040068 
9*040651 
9*041232 
9*041813 
9*042394 

9*042973 
9*043552 
9-044130 

9*044707 
9*045284 


9045859 
9*046434 

9*047009 

9*047582 

9*048155 

9*048727 
9*049298 
9*049869 
9*050439 
9*051008 


Secant 


9*051576 
9*052144 
9*052711 
9*053277 
9*053843 

9*054407 
9*054972 

9*055535 
9*056098 

9*056659 


Parts 


X"  20 
^  40 

3  60 

4  80 

5  101 

6  121 

7  141 

8  161 

9  181 
10  201 


1 
2 
3 

4 
5 


20 
40 
59 
79 
99 

6  119 

7  139 
8159 
9  178 

10  198 


1 

2 
3 

4 
6 

6 
7 


20 

39 

59 

78 

98 
117 
137 

8  157 

9  176 
10  196 


1 
2 
3 

4 
5 


19 

39 
58 
77 
97 


6  116 

7  135 

8  154 

9  174 
10  193 


1 
2 
3 

4 
6 


19 

38 

57 
76 

95 

6  114 

7  133 

8  153 

9  172 

10  191 


Cotang. 


1 
2 
3 

4 
5 


19 
38 
56 

75 
94 

6  113 

7  132 

8  150 

9  169 
10  188 


Cotang. 


10*978380 
10*977773 
10*977166 
10*976561 
10-975956 

10*97535* 
10*974749 
10*974147 

10*973545 
10*972945 

10*972345 


10*971746 
10*971148 
10*970550 
10*969954 
10-969358 

10*968763 
10*968169 
10*967575 
10*966983 
10*966391 


10*965800 
10*965209 
10*964620 
10*964031 
10*963443 

10*962856 
10*962270 
10*961684 
10*961099 
10*960515 


10*959932 

'0*959349 
10*958768 

10*958187 

10*957606 

10*957027 
10*956448 
10*955870 
10*955293 
10*954716 


10*954141 
10*953566 
10*952991 
10*952418 
10*951845 

10*951273 
10*950702 
10*950131 
10*949561 
10*948992 


Parte 
"83° 


10*948424 
10*947856 
10-947289 
10*946723 
10*946157 

10-945593 
10*945028 

10*944465 

10*943902 

10*943341 


Secant 


10*002386 
10*002392 
10*002399 
10*002406 
10*002412 
10*002419 

10*002426 
10*002432 
10*002439 
10*002446 
10*002453 


Parte 


II 


10*002459 
10*002466 
10*002473 
10-002480 
10*002486 

10*002493 
10*002500 
10*002507 
10-002513 
10*002520 


10*002527 
10*002534 
10*002541 
10*002548 
10*002555 

10*002561 
10*002568 
10*002575 
10*002582 
10*002589 


10*002596 
10*002603 
10*002610 
10*002617 
10*002624 

10*002631 
10*002638 
10*002645 
10*002652 
10*002659 


1 
2 

3 

4 
5 

6 
7 
8 
9 
0 

\ 
2 
3 

4 
5 

6 
7 
8 
9 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 


o 
o 
1 
I 
I 

I 

2 
2 
2 
2 

2 

3 
3 
3 
3 

4 

4 
4 
4 
5 

5 
5 

5 

5 
6 

6 
6 
6 

7 
7 


9*997614 
9*997608 
9*997601 

9*997594 
9*997588 

9*997581 

9*997574 
9*997568 
9-997561 

9*997554 
9*997547 


10*002666 
10*002673 
10*002680 
10*002687 
10*002694 

10*002701 
10*002708 
10*002715 
10*002722 
10*002729 


10*002736 
10*002743 
10*002751 
10*002758 
10*002765 

10*002772 
10*002779 
10*002786 
10*002794 
10*002801 


Tangent  I  Cosec. 


1 
2 
3 

4 
6 

6 
7 
8 
9 
0 

1 
2 
3 

4 
5 

6 

7 

8 

9 

20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 


o 
o 
I 
I 
I 

I 

2 
2 
2 
2 

3 
3 
3 
3 
4 

4 

4 
4 
4 
5 

5 
5 
5 
6 

6 

6 

7 
7 
7 
7 


Cosiiie 


9*99754» 

9*997534 
9*997527 

9*997520 

9*997  5  H 
9*997507 
9*997500 

9*997493 
9*997487 
9*997480 


9*997473 
9*997466 

9*997459 
9*99745* 
9*997445 

9*997439 

9*99743* 

9*9974*5 
9*997418 

9*9974" 


9*997404 

9*997397 
9997390 
9997383 
9*99737^ 
9-997369 
9-997362 

9*997355 
9*997348 
9*997341 


9*997334 
9*9973*7 
9*9973*0 
9*997313 

9*997306 

9*997*99 
9*997292 

9*997285 

9*997*78 
9*997271 


9*997264 

9*997*57 
9*997249 

9*997242 

9*997235 

9*997228 
9*997221 
9*997214 
9*997206 
9*997199 


Parte 


Sine 


36 
98 

56 
54 
S2 
50 

48 
40 
44 
42 
40 

38 

36 
34 

32 
30 

28 
20 
24 
22 
20 

18 
16 
14 
IS 
10 

• 
6 

4 
9 

3B 

» 
50 
M 

53 
50 

48 

40 
44 
43 
40 

38 
36 
34 
33 

30 

38 
36 
34 
33 

30 

18 
16 
14 
13 
10 

8 
0 

4 
3 
0 


/  // 


GO 

30 

59 

30 

58 

30 

67 

58 
£0 
55 


30 

54 

30 
53 
so 

52 
30 
51 

30 

50 

30 

49 

30 

48 

so 

47 
so 
46 

30 

45 


30 

44 

30 

43 

3C 
42 

3f 

41 

SI 

40 


30 
39 

30 

38 

30 

37 

30 

36 

30 
35 

3fl 

34 

30 

33 

30 

32 

30 

31 

30 

30 


t  ir 


I 


6»»  34" 


TABLE  68 


705 


LOG.  SINES,  COSINES,  &c. 

0»»  26"                                                          6° 

/  // 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

*? 

/     // 

30 

0 

9-053859 

10*946141 

9-056659 

«o*94334i 

10-002801 

9*997  J  99 

%%, 

30 

30 

% 

9054413 

1"  18 

xo-945587 

9-05722  X 

1"  19 

10*942779 

10-002808 

l"o 

9-997192 

58 

30 

31 

4 

9*054966 

2    37 

xo-945034. 

9*05778  X 

2    37 

10*942219 

10*0028x5 

2  0 

9*997185 

56 

29 

80 

6 

9-055519 

3    55 

IO-94448X 

9058341 

3    56 

10*941659 

10*002822 

3    x 

9*997x78 

54 

30 

32 

8 

9*056071 

*    73 

xo-943929 

9*058900 

4    74 

xo*94ixoo 

xo*oo283o 

4    1 

9*997170 

62 

28 

30 

10 

9*056622 

5    92 

10*943378 

9*059459 

6    93 

10*940541 

xo*oo2837 

5    1 

9*997x63 

50 

80 

33 

12 

9-057172 

6  no 

10*942828 

9*0600x6 

6  111 

10-939984 

xo*oo2844 

6    I 

9*997x56 

48 

27 

30 

14 

9*057722 

7  128 

10*942278 

9*060573 

7  130 

10*939427 

xo'002851 

7   2 

9-997H9 

46 

80 

34 

10 

9-058271 

8  147 

xo*94X729 

9*061x30 

8  X49 

10*938870 

xo'002859 

8   2 

9*997141 

44 

26 

30 

IS 

9*058820 

9  X65 

io'94xx8o 

9*06x685 

9  167 

10*938315 

xo*oo2866 

9  2 

9-997x34 

42 

80 

35 

SO 

9-059367 

10  183 

10*940633 

9*062240 

10  186 

xo*93776o 

10*002873 

10  2 

11  3 

9-997127 

40 
38 

25 
30 

80 

9-059914 

1    x8 

10-940086 

9*062795 

1     18 

10*937205 

10-002880 

9-997120 

36 

M 

9*060460 

2    36 

xo-939540 

9-063348 

2    37 

10*936652 

10*002888 

12   3 

9-9971x2 

36 

24 

30 

SO 

9'o6ioo6 

3    54 

10-938994 

9*063901 

»    55 

10*936099 

xo*oo2895 

13    3 

9-997x05 

34 

80 

37 

98 

9*06x551 

4    73 

10*938449 

9*064453 

*    73 

«®*935547 

10*002902 

14  4 

9*997098 

32 

23 

30 

30 

9*062095 

5    91 

xo*937905 

9*065005 

6    92 

10*934995 

10*0029x0 

15   4 

9*997090 

80 

80 

38 

32 

9*062639 

6  109 

xo*93736x 

9*065556 

6  no 

10*934444 

10*002917 

16  4 

9*997083 

28 

22 

30 

34 

9*063x81 

7  X27 

10-9368x9 

9*066x06 

7  129 

10-933894 

10-002924 

17  4 

9*997076 

26 

80 

39 

36 

9-063724 

8x45 

10-936276 

9*066655 

8147 

10*933345 

xo-002932 

18  4 

9997068 

24 

21 

30 

38 

9*064265 

9  163 

10*935735 

9*067204 

9  165 

10-932796 

XO-0O2939 

19   4 

9*997061 

22 

80 

40 

30 

40 
42 

9*064806 

10  x8x 

10*935x94 

9*067752 

10  184 

10*932248 

10*002947 

20  5 

21  5 

9*997053 

20 
18 

20 

9-065346 

1     x8 

10*934654 

9-068300 

1     18 

10*93x700 

10-002954 

9-997046 

30 

41 

44 

9*065885 

2    36 

10*9341x5 

9*068846 

2    36 

xo*93ii54 

xo'002961 

22    5 

9-997039 

16 

19 

30 

40 

9*066424 

3    54 

xo-933576 

9069393 

3    54 

10*930607 

XO-002969 

23   6 

9-997031 

14 

80 

42 

48 

9*066962 

4    72 

10*933038 

9*069938 

♦    73 

10*930062 

xo*oo2976 

24   6 

9-997024 

12 

18 

30 

50 

9-067499 

5    90 

X0-932501 

9-070483 

6    9X 

XO-9295X7 

xo*oo2984 

25   6 

9-9970x6 

10 

30 

43 

32 

9*068036 

6  X07 

XO-93I964 

9*07x027 

6  109 

10*928973 

xo*oo299x 

26   7 

9*997009 

8 

17 

30 

54 

9-068572 

7  125 

xo'931428 

9-071570 

7  127 

10*928430 

xo-002998 

27   7 

9*997002 

6 

30 

44 

56 

9*069x07 

8143 

10*930893 

9*072x13 

8145 

10-927887 

10*003006 

28   7 

9-996994 

4 

16 

80 

58 

9*069642 

9  161 

10*930358 

9*072655 

•  163 

10*927345 

10*0030x3 

29   7 

9-996987 

2 

80 

45 

30 

27 

2 

9*070x76 

10  179 

10*929824 

9*073197 

10  181 

10*926803 

10*00302 X 

30   7 

9.996979 

33 

58 

15 

9*070709 

1    x8 

10-929291 

9'073738 

1    iS 

10*926262 

10*003028 

1    0 

9*996972 

80 

46 

4 

9*07124.2 

2    35 

10-928758 

9*074278 

2  36 

10*925722 

10*003036 

2    I 

9*996964 

56 

14 

30 

6 

9*07x774 

3    53 

xo-928226 

9-074817 

»    54 

10-925x83 

10*003043 

3    x 

9*996957 

64 

80 

47 

8 

9*072306 

4    7x 

10-927694 

9-075356 

4    72 

'0-9*4644 

10*003051 

4    1 

9.996949 

52 

13 

30 

10 

9*072836 

5    88 

10-927x64 

9*075895 

5    90 

xo*924X05 

10*003058 

5    1 

9-996942 

50 

80 

48 

12 

9*073366 

6  106 

xo'926634 

9*076432 

6  107 

xo'923568 

10*003066 

6   2 

9*996934 

48 

12 

30 

14 

9*073896 

7  124 

10-926x04 

9*076969 

7  125 

10*923031 

10*003073 

7   2 

9.996927 

46 

30 

49 

16 

9*074424 

8  X41 

10-925576 

9*077505 

8143 

10*922495 

10*003081 

8   2 

9*9969x9 

44     11    1 

30 

18 

9*074952 

9  X59 

10-925047 

9*078041 

9  161 

10*921959 

10*003089 

9  2 

9*9969" 

42 

30 

50 

20 
22 

9*075480 

10x77 

10-924520 

9*078576 

10  179 

10*92x424 

10*003096 

10  3 

11  3 

9-996904 

40 
38 

10 

30 

9*076007 

1    X7 

xo-923993 

9*079110 

1     18 

10*920890 

10*003104 

9-996896 

30 

51 

24 

9-076533 

2    35 

10*923467 

9*079644 

2    35 

10*920356 

io*oo3XXX 

12   3 

9-996889 

36 

9 

30 

26 

9*077058 

3    52 

10*922942 

9-080177 

8    53 

10*9x9823 

XO-003IX9 
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10 

9-132168 

5    77 

10*867832 

9-136197 

10-863803 

10*004018 

6 

I 

9-995971 

90 

30 

48 

IS 

9-132630 

6    92 

10*867370 

9*i36f67 

6    94 

10-863333 

10*004037 

6 

1 

9*995963 

48 

12 

30 

14 

9-133091 

7  108 

10*866909 

9*137136 

7  110 

10*862864 

10*004046 

7 

1 

9*995954 

46 

30 

49 

16 

9*13355' 

8  123 

10*866449 

9*137605 

8  125 

10-862395 

10*004054 

8 

1 

9*995946 

44 

11 

30 

18 

9*1340" 

9  139 

10*865989 

9-138074 

9  141 

10*861926 

10*004063 

9 

3 

9*995937 

42 

30 

50 

SO 
SS 

9*134470 

10  154 

10*865530 

9*13854* 

10  157 

10-861458 

10*004071 

10 
11 

3 
3 

9*995928 

40 
38 

10 

30 

30 

9*134929 

1     »5 

10*865071 

9*139009 

1     16 

10*860991 

10-004080 

9*995920 

51 

S4 

9-135387 

9    30 

10*8646x3 

9*139476 

2    31 

10*860524 

10-004089 

12 

3 

9*995911 

96 

9 

ao 

S6 

9*135845 

3    46 

10*864155 

9''39943 

3    47 

10*860057 

10-004098 

13 

4 

9-995902 

34 

30 

59 

S8 

9*136303 

4    61 

10*863697 

9*140409 

4     62 

10-859591 

10-004106 

14 

4 

9-995804 
9-995885 

82 

8 

30 

30 

9*136760 

6    76 

10*863240 

9*140875 

5    78 

10*859125 

10-004115 

15 

4 

30 

30 

53 

3S 

9*137216 

6    91 

10*862784 

9*141340 

6    93 

10*858660 

10*004124 

16 

5 

9*995876 

28 

7 

30 

34 

9*137672 

7  106 

10*862328 

9*141805 

7  109 

10*858195 

10*004133 

17 

5 

9-995867 

26 

30 

$4 

36 

9*138128 

8  122 

10-861872 

9*142269 

8  124 

10*857731 

10*004141 

18 

5 

9-995859 

24 

6 

30 

38 

9*138582 

9  137 

10-861418 

9*142733 

9  140 

10*857267 

10*004150 

19 

6 

9-995850 

22 

30 

55 

40 
4S 

9*139037 

10  151 

10*860963 

9*143196 

10155 

10*856804 

10-004159 

90 

21 

6 
6 

9-995841 

20 

18 

5 
80 

30 

9*139491 

1    J5 

10*860509 

9*143659 

1     15 

10*856341 

10*004168 

9-995831 

50 

44 

9'>39944 

3    30 

io'86oo56 

9*144121 

2    31 

10-855879 

10-0041^7 

99 

6 

9-995823 

16 

4 

30 

46 

9*140398 

3    45 

10*859602 

9*144583 

8    46 

10*855417 

10-004185 

23 

7 

9*995815 

14 

so 

57 

48 

9*140850 

4    60 

10*859150 

9-145044 

4    61 

10*854956 

10*004194 

24 

7 

9*995806 

12 

8 

30 

90 

9*  141 302 

6    75 

10*858698 

9*145505 

5    77 

10-854495 

10*004103 

36 

7 

9*995797 

10 

so 

58 

52 

9-141754 

6    90 

10*858246 

9*  145966 
9*146425 

6    9a 

10*854034 

10-004112 

26 

8 

9*995788 

8 

2 

30 

94 

9*142205 

7  105 

10*857795 

7  108 

10*853575 

10*004111 

27 

8 

9*995779 

6 

80 

59 

96 

9*^42655 

8  121 

10*857345 

9*146885 

8  123 

10-853115 

10*004119 

28 

8 

9'99577i 

4 

1 

30 

98 

9*143106 

9  136 

10*856894 

9*147344 

9  138 

10*852656 

10-004138 

29 

8 

9-995762 

2 

80 

00 

sa 

9'H35S5 

10  151 

10*856445    9*147803 

10  154 

10-852197 

10*004247 

30 

9 

9*995753 

0 

0 

/  // 

mJ   ConDe     Parts 

Secant       Cotaxig. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

m. 

/  ff 

82° 

b^  SS'"       1 

708 


TABLE  68 


LOO.  SINES,  COSINES,  &c. 

Qh  32ni                                                                    go 

f  99 

Bft. 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

•• 

/  99 
60 

0 

0 

9'H3555 

10-856445 

9*147803 

10-852197 

10*004247 

9*995753 

aa 

90 

2 

9-144005 

1"  15 

10855995 

9*148261 

I"  15 

10*851739 

10*004256 

1" 

0 

9*995744 

58 

30 

1 

4 

9'>44453 

2    30 

10*855547 

9*148718 

2    30 

10-851282 

10*004265 

2 

I 

9*995735 

50 

59 

30 

« 

9- 144902 

a  45 

10*855098 

9*149175 

3    46 

10*850825 

10*004274 

3 

1 

9*995726 

54 

80 

2 

8 

9-H5349 

*    59 

10-854651 

9*149632 

4    61 

10*850368 

10*004283 

4 

I 

9-995717 

» 

88 

30 

10 

9'H5797 

5    74 

10-854203 

9-150088 

6    76 

10*849912 

10*004292 

6 

1 

9*995708 

59 

80 

3 

12 

9-146243 

6    89 

10-853757 

9-150544 

6    9, 

10-849456 

10*004301 

6 

2 

9-995699 

46 

57 

30 

14 

9'  146690 

7  104 

10*853310 

9-151000 

7  106 

10*849000 

10*004310 

7 

a 

9-995690 

46 

80 

4 

16 

9-14.7136 

8  119 

10*852864 

9*  1 5 '454 

8  122 

10*848546 

10*004319 

8 

2 

9995681 

44 

50 

30 

18 

9-147581 

9  134 

10*852419 

9-151909 

9  137 

10-848091 

10-004328 

9 

3 

9-995672 

42 

30 

5 

30 

20 
22 

9- 148026 

10  149 

10-851974 

9*152363 

10  152 

10-847637 

10-004336 

10 
11 

3 
3 

9*995664 

40 

88 

55 

so 

9-148471 

I     15 

10*851529 

9-152816 

»     15 

10-847184 

10-004345 

9*995655 

6 

24 

9-148915 

2    29 

10-851085 

9*153269 

2    30 

10-846731 

10-004354 

12 

4 

9*995646 

36 

M 

30 

26 

9-149358 

8    44 

10*850642 

9-153722 

3    45 

10*846x78 

10-004363 

13 

4 

9-995637 

84 

86 

7 

28 

9-149802 

*    59 

10-850198 

9"  1 54174 

4    60 

10*845826 

10-004372 

14 

4 

9-995628 

32 

63 

30 

30 

9150244 

8    74 

10*849756 

9*154626 

6    75 

10*845374 

10*004381 

15 

4 

9-995619 

80 

80 

8 

32 

9*150686 

6    88 

10*849314 

9*155077 

6    90 

10-844923 

10-004390 

16 

5 

9*995610 

28 

i» 

80 

84 

9*151128 

7  103 

10-848872 

9*155528 

7  105 

10-844472 

10-D04400 

17 

5 

9-995601 

26 

80 

» 

36 

9*151569 

8  118 

10*848431 

9*155978 

8  120 

10*844022 

10-004409 

18 

5 

9*99559' 

24 

51 

30 

38 

9*152010 

9  133 

10-847990 

9*156428 

9  135 

10-843572 

10*004418 

19 

6 

9*995582 

22 

80 

10 

40 
42 

9*152451 

10147 

10-847549 

9*156877 

10  150 

10-843123 

10-004427 

20 
21 

6 

6 

9*995573 

20 
18 

50 

SO 

9*152891 

1    15 

10*847109 

9-157326 

»     15 

10-842674 

10-004436 

9*995564 

30 

11 

44 

9*153330 

2    29 

10-846670 

9*157775 

2    30 

10*842225 

10*004445 

22 

7 

9*995555 

16 

49 

80 

46 

9-153769 

3    44 

10-846231 

9- 158223 

3   45 

10-841777 

10*004454 

23 

7 

9*995546 

14 

30 

12 

48 

9-154208 

4    58 

10*845792 

9-158671 

4    60 

10-841329 

10*004463 

24 

7 

9*995537 

12 

48 

30 

50 

9-154646 

5    73 

10-845354 

9-159118 

5    75 

10-840882 

10*004472 

25 

7 

9995528 

18 

8» 

IS 

82 

9155083 

6    87 

10*844917 

9-159565 

6    89 

10*840435 

10-004481 

26 

8 

9*995519 

8 

47 

30 

54 

9-155521 

7  102 

10*844479 

9-160011 

7  IQ4 

10*839989 

10*004490 

27 

8 

9-995510 

6 

80 

14 

56 

9*155957 

8  117 

10*844043 

9-160457 

8  119 

10-839543 

10*004499 

28 

8 

9*995501 

4 

46 

80 

58 

9*156394 

9  131 

10*843606 

9-160902 

9134 

10*839098 

10*004509 

29 

9 

9*99549» 

2 

80 

15 

80 

2 

9-156830 

10  146 

10-843170 

9-161347 

10  149 

10-838653 

10*004518 

30 

3_ 

9*995482 

ay 

58 

45 

9-157265 

1     14 

10-842735 

9*161792 

»     15 

10-838208 

10-004527 

I 

0 

9*995473 

80 

16 

4 

9-157700 

2    29 

10*842300 

9*162236 

2    29 

10*837764 

10*004536 

a 

1 

9995464 

56 

44 

30 

6 

9*158135 

3    43 

10-841865 

9*162680 

3    44 

10*837320 

10-004545 

3 

I 

9*995455 

54 

80 

17 

8 

9*158569 

4    58 

10*841431 

9*163123 

*    59 

10*836877 

10*004554 

4 

I 

9*995446 

52 

45 

80 

10 

9*159002 

6    72 

10*840998 

9-163566 

ft    74 

10-836434 

10*004564 

ft 

2 

9*995436 

50 

80 

IB 

12 

9*159435 

6    87 

10*840565 

9*164008 

6    88 

10*835992 

10*004573 

6 

2 

9*9954»7 

46 

42 

80 

14 

9-159868 

7  101 

10*840132 

9-164450 

7  103 

10-835550 

10-004582 

7 

2 

9*995418 

46 

80 

10 

16 

9*160301 

8  115 

10-839699 

9-164892 

8  118 

10*835108 

10-004591 

8 

3 

9*995409 

44 

41 

80 

18 

9*160732 

9  130 

10*839268 

9*165333 
9**65774 

9  133 

10*834667 

10*004601 

0 

3 

9*995399 

48 

30 

20 

30 

20 
22 

9*161164 

10  144 

10-838836 

10  147 

10*834226 

10*004610 

10 
11 

3 

4 

9995390 

40 

88 

40 

9*161595 

1     14 

10*838405 

9-166214 

I    15 

10*833786 

10*004619 

9-995381 

80 

21 

24 

9-162025 

2    29 

10*837975 

9*166654 

2    29 

10*833346 

10*004628 

12 

4 

9*995372 

88 

3I» 

80 

26 

9*162456 

3   43 

10*837544 

9*167093 

3    44 

10-832907 

10*004638 

13 

4 

9-995362 

84 

80 

82 

28 

9-162885 

*    57 

10*837115 

9*167532 

4    58 

10-832468 

10-004647 

14 

4 

9*995353 

82 

38 

80 

80 

9-163315 

6    71 

10*^36685 

9*167971 

5    73 

10-832029 

10*004656 

15 

5 

9*995344 

80 

80 

23 

32 

9-163743 

6    86 

10*836257 

9-168409 

6    88 

10*831591 

10*004666 

16 

5 

9*995334 

28 

37 

30 

84 

9-I64171 

7  100 

10*835828 

9-168847 

7  102 

10-831153 

10*004675 

17 

1 

9'9953»5 

26 

80 

24 

86 

9*164600 

8  114 

10*835400 

9*169284 

8  117 

10-830716 

10*004684 

18 

9*995316 

24 

36 

80 

88 

9*165017 

9  128 

10*834973 

9*169721 

9  131 

10*830279 

10*004694 

19 

6 

9-995307 

22 

80 

2ft 

80 

40 
42 

9*165454 

10  143 

10-834546 

9*170157 

10  146 

10*829843 

10*004703 

20 
21 

6 
7 

9*995297 

20 

18 

85 

9*165881 

1    14 

10*834119 

9*170593 

I     14 

10*829407 

10*004712 

9*995288 

38 

26 

44 

9-166307 

2    28 

10*833693 

9*171029 

2    29 

10*828971 

10-004722 

22 

7 

9-995278 

16 

34 

80 

46 

9*166733 

3    4* 

10*833267 

9*171464 

3    43 

10*828536 

10*004731 

23 

7 

9*995269 

14 

36 

27 

48 

9-167159 

4    57 

10*832841 

9*  171899 

4    58 

10*828101 

10*004740 

24 

7 

9*995260 

12 

33 

30 

50 

9- 167584 

6    71 

10-832416 

9*172333 

ft    72 

10*827667 

10*004750 

25 

8 

9-995250 

If 

80 

28 

82 

9*168008 

6    85 

10*831992 

9*172767 

6    87 

10*827233 

10*004759 

« 

8 

9*995241 

32 

30 

54 

9*168432 

7    99 

10*831568 

9*173201 

7  101 

10*826799 

10*004769 

27 

8 

9*995232 

80 

29 

56 

9-168856 

8  113 

10*831144 

9*173634 

8  116 

10*826366 

10*004778 

28 

9 

9*995222 

31 

80 

58 

9*169279 

9  127 

10*830721 

9-174067 

9  130 

10*825933 

10*004787 

29 

9 

9*995213 

36 

30 

Sft 

9-169702 

10  141 

10*830298 

9-174499 

10145 

10-825501 

10-004797 

30 

9 

9*995203 

SO 

/  // 

Bft. 

Cosine 

Parts 

Secant 

Cotang.     Parts 

Tangent 

Coaec 

Fftrts 

Sine 

».' 

... 

81° 

5*  96-       1 

TABLE  68 


709 


LOG.  SINES,  COSINES,  &c. 


0»»  34™ 


8^ 


/  // 


Sine 


30 
ao 

31 
ao 

32 

30 

33 

30 

34 

so 
35 

80 

36 

30 

37 

30 

38 
ao 

39 

80 
40 

80 

41 

80 
49 
30 

43 

30 

44 

80 
43 

ao 

48 

80 

47 

80 

48 
so 
49 

30 
50 

80 

51 

80 
52 

SO 

53 
so 
54 

30 
55 

80 

56 

30 

67 

30 

58 
ao 
59 

80 

60 
/  // 


0 
2 
4 

0 

8 

10 

IS 
14 
16 
18 
SO 

ss 

S4 

20 
S8 
80 

82 
34 
80 


42 
44 
40 
48 
90 

82 
84 
56 

86 
38 
2 
4 
6 
8 

10 

12 
14 
16 
18 
20 

22 
24 
SO 
28 
SO 

82 
84 

36 
38 
40 

42 
44 
46 
48 
SO 

92 
54 
50 
98 
36 


9* 

r 
r 
r 
r 

9' 

r 

9' 
9' 
9' 
9' 


9' 
9' 
9' 
9' 
9' 

9* 
9' 
9* 
9' 
9' 


9* 
9* 
9' 
9' 
9* 

9' 
9' 
9- 
9' 
9' 


9* 
9' 
9' 
9' 

9' 

9' 
9' 
9' 
9' 
9' 


9' 
9* 
9* 
9* 
9' 

9' 
9' 
9' 
9* 
9' 


9' 
9' 
9' 
9' 

r 

9' 
9' 
9* 
9' 
9* 


69702 
70125 

70547 
70968 

71389 

71810 

72230 
72650 
73070 

73489 
73908 


743*6 

74744 
75161 

75578 
75995 
76411 
76827 
77242 
77657 
7S072 


78486 
78900 

79313 
79726 

80139 

80551 
80963 
81374 
81785 
82196 


82606 
83016 

83445 
83834 

84243 

84651 

85059 
85466 

85874 

86280 


86686 
87092 
87498 

87903 
88308 

88712 
89116 
89519 

899*3 
90325 


90728 
91130 
91532 
91933 

9*334 

9*734 
93'34 
93534 
93933 
9433* 


Parts 


Cosec. 


1" 
2 

3 

4 
6 

6 
7 

8  I 
9 
10 


14 
28 
42 

56 

70 

84 
98 

[12 
126 


140 


I 

8 
3 

5 


>4 
28 

41 

55 
69 

6  83 

7  97 

8  III 

9  124 
10  138 


1 
2 
3 

4 
5 

6 
7 


14 

27 

41 

IS 

69 

82 
96 


8  110 

9  124 
10  137 


1 
2 
3 
4 
5 


*7 

41 

54 
68 


6  82 

7  95 

8  109 

9  122 
10  136 


1 
2 
3 

4 
5 

6 

7 


>3 

27 

40 

54 
67 
81 
94 


8  108 

9  121 
10  135 


1 

2 
3 

4 
5 


13 

*7 
40 

53 
67 


m-    Codne 


6  80 

7  93 

8  107 

9  120 

^9133 
Ports 


0*830298 
0*829875 
0-829453 
0*829032 
0*828611 
0*828190 

0*827770 
0*8273  50 
0*826930 
0*826511 
0*826092 


0*825674 
0*825256 
0*824839 
0*824422 
0*824005 

0*823589 
10*823173 
0*822758 
0*822343 
0*821928 


0*821514 
0*821100 
0*820687 
0*820274 
0*819861 

0*819449 
0*819037 
0*818626 
0*818215 
0*817804 


0*817394 
0*816984 
0*816575 
0*816166 
0*815757 

0*815349 
0*814941 
0*814534 
0*814126 
0*813700 


0*813314 
0*812908 
0*812502 
0*812097 
0*811692 

0*811288 
0*810884 
0*810481 
0*810077 
0*809675 


0*809272 
0*808870 
0*808468 
0*808067 
0*807666 

0*807266 
0*806866 
0*806466 
0*806067 
0*805668 

Socont 


Tangent 


74499 

7493 » 
75362 

75793 
70224 

76654 
77084 

775»3 

7794* 
78371 

78799 


79227 

79^55 
80082 

80508 

80934 

81360 
81786 
822  1 1 
82635 

83059 


83483 
83907 

84330 
84752 

85175 

85597 
86018 
86439 
86860 
87280 


Parts 


I"  14 
2  29 

43 
57 
72 


3 
4 
5 


6  86 

7  100 

8  115 

9  129 
10  143 


1 
2 
3 

4 
5 


14 
28 

43 
57 
71 

6  85 

7  99 

8  114 

9  128 

10  142 


87700 
88120 

88539 
88958 

89376 

89794 
90212 

90629 

91046 

91462 


91878 

9**94 
92709 

93124 

93539 

93953 
94367 

94780 

95>93 
95606 


96018 
96430 
96842 

97*53 
97664 

98074 
98484 

98894 

99304 
99713 


Cotang. 


1  14 

2  28 

3  42 

♦  s« 

6  70 

6  84 

7  98 

8  113 

9  127 
10  141 


14 

28 


4* 
56 
70 

6  84 

7  98 

8  III 

9  125 
IO139 


1  14 

2  28 

3  41 

*  55 

6  69 

6  83 

7  97 

8  110 

9  124 
10  138 


2  27 

3  41 

*  55 

5  68 

6  82 

7  96 

8  109 

9  123 

10  137 

Parts 
81° 


Cotang. 


0*825501 
0*825069 
0*824638 
0*8242.07 
0*823776 
0*823346 

0*822916 
0*822487 
0*822058 
0*821629 
0*821201 


0*820773 
0*820345 
0*819918 
0*819492 
0*819066 

0*818640 
0*818214 
0*817789 
0*817365 
0*816941 


0*816517 
0*816093 
0*815670 
0*815248 
0*814825 

0*814403 
0*813982 
0*813561 
0*813140 
0*812720 


0*812300 
0*811880 
0*811461 
0*811042 
0*810624 

0*810206 
0*809788 
0*809371 
0*808954 
0*808538 


0*808122 
0*807706 
0*807291 
0*806876 
0*806461 

0*806047 
0*805633 
0*805220 
0*804807 
0*804394 


0*803982 
0*803570 
0*803158 
0*802747 
0*802336 

0*801926 
0*801516 
0*801106 
0*800696 
0*800287 


Tangent 


Secant 


0*004797 
0*004806 
0*004816 
0*004825 
0*004835 
0*004844 

0*004854 
0*004863 
0*004873 
0*004882 
0*004892 


0'00490i 
0*004911 
0*004920 
0*004930 
0-004939 

0*004949 
0*004959 
0*004968 
0*004978 
0*004987 


0*004997 
007 
016 
026 
036 

04s 

055 
065 

075 
084 


0*00 
o*oo 
o*oo 

O'OO 

0*00 
0*00 

O'OO 
O'OO 

0*00 


O'OO 

o*oo 

O'OO 
O'OO 
O'OO 

O'OO 

0*00 

O'OO 
0*00 

0*00 


O'OO 

0*00 

O'OO 
O'OO 
O'OO 

O'OO 

0*00 
0*00 

O'OO 

0*00 


O'OO 
O'OO 
O'OO 

0*00 
0*00 

0*00 

O'OO 

0*00 

O'OO 
O'OO 


094 

104 

"3 
123 

133 

H3 

153 

162 
172 
182 


192 
202 

211 
221 

231 
241 

261 
271 
280 


290 
300 
310 
3*0 

330 

340 
350 

360 

370 
380 


Cosec. 


Parts 


1 
2 
3 

4 
5 

6 

7 

8 
9 
0 

1 
2 
3 
4 
5 

6 
7 
8 
9 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 


tr 


O 
I 
I 
I 

2 

2 
2 

3 

3 
3 

4 
4 
4 
4 
5 

5 

5 
6 

6 

6 

7 

7 

7 
8 

8 

8 

9 
9 
9 


30  10 


I 
2 
3 

4 
5 

6 
7 
8 
9 
0 

1 
2 
3 

4 
5 

6 
7 
8 
9 
20 

21 
22 
23 
24 
25 

26 
27 
28 


o 
I 

X 
X 

2 

2 
2 

3 
3 
3 


Cosine 


9-995203 
9-995194 
9*995184 

9*995175 
9*995165 

9'995i56 

9*995146 

9*995137 

9*995127 

9*995118 

9*995108 


9*995099 
9-995089 
9-995080 
9*995070 
9*995061 

9*995051 
9*995041 
9-995032 
9*995022 
9*995013 


68 

so 

54 
52 
50 

48 
46 
44 
42 
40 

38 
36 
34 
32 
30 

28 
26 
24 
22 
20 

18 
16 
14 
12 
10 

8 

6 
4 
2 

las 

9*994906  56 
9*994896  56 
9*994887154 
9*994877 
9*994867 

9*994857 

9*994847 
9-994838 
9*994828 
9*994818 


9*995003 

9*994993 
9*994984 

9*994974 
9*994964 

9*994955 

9*994945 

9*994935 
9*994925 

9*994916 


4  "9 '994808 
9*994798 
9*994789 

9*994779 
9-994769 

9*994759 

9*994749 

9*994739 

9*9947*9 
9*994720 


4 

4 
5 
5 

I 

6 
6 

7 

7 

7 
8 

8 

8 

9 
9 
9 


29x0 
30  xo 


Parts 


9*994710 
9*994700 
9*994690 
9-994680 
9*994670 

9*994660 
9*994650 
9*994640 
9*994630 
9*994620 


Sine 


52 
50 

48 
46 
44 
42 
40 

38 
36 
34 
32 
30 

28 
26 
24 
22 
20 

18 
16 
14 
12 
10 

8 
6 
4 
2 
0 


m 


/  // 
30" 

30 

29 

30 

28 

30 

27 

30 

26 

30 

25 

30 

24 

30 

23 

30 

22 
30 

21 

30 

20 

30 

19 

30 

18 

30 

17 

30 

16 

80 

15 

30 

14 

30 
13 
80 

12 

30 
II 

30 
10 

30 

9 

30 

8 

30 

7 
30 

6 

30 
5 

30 

4 

so 

3 

30 
2 

30 

1 

30 

0 


/  // 


5h  24» 


10 


TABLE  68 


LOG.  SINES,  COSINES,  &c. 


O**  36"* 


y 


/  // 


0 

30 

1 

30 

2 

30 

3 

30 

4 

so 
5 


30 

6 

30 

7 

30 

8 

30 

9 

30 
10 


ao 
11 

30 

12 

30 

13 

30 

14 
so 

16 


30 

16 
so 
17 

30 

18 
so 
19 

80 

20 

80 

21 

30 
22 

30 

23 

30 

24 

30 

25 

30 

26 

80 

27 

30 

28 

30 

29 
30 
30 


/  n 


0 
2 
4 
0 
8 
10 

12 
14 
16 
18 
30 

22 
24 
26 
28 
30 

32 
34 

86 
88 
40 

41 
44 
46 
48 
60 

52 
54 
56 
58 
37 

2 
4 
6 
8 
10 

12 
14 

16 
18 
20 

22 
24 
26 
28 
30 

32 
34 
36 

38 
40 

42 
44 

40 

48 
50 

53 
54 
56 
58 


9*202626 
9*203017 
9*203407 
9-203797 
9*204187 


Sine 


9-194332 
9"  19473 1 
9*195129 
9-195527 
9*195925 
9*196322 

9-196719 
9M97115 
9-197511 
9*197907 
9*198302 


9*198697 
9*199091 
9*199486 
9*199879 
9*200273 

^-200666 
9*201059 
9*201451 
9*201843 
9*2022 


26 

39 
5* 
65 

79 
92 

105 

118 

n^ 
144 

157 
170 

183 
197 

210 
223 
236 
19  249 
"  262 


11 
12 

13 
14 

16 

16 
17 
18 


3420 


9-204577 
9*204966 

9*aoS354 

9*20 

9*206131 


9*206519 
9-206906 
9*207293 
9-207679 
^-208066 

9*208452 
9-208837 
9*209222 
9*209607 
9*209992 


9*210376 
9*210760 

^•211143 

9*211526 
9*211909 

9*212291 
9-212674 

9-213055 

9*2i3437 
9*213818120  255 

21  268 

22  280 
23293 
•24  ^06 

25  319. 

26  331 

27  344 

28  357 

29  370 

30  382 


9*214198 
9*214579 
9*214959 
9*215338 
9*215718 

9*216097 
9-216475 
9*216854 
9*217232 
9*217609 


Parts 


1"  1 

2 

3 

4 
5 

6 
7 
8 
9 
10 


Cosec. 


21  275 
22288 
23  301 
24315 

25  328 

26  341 

27354 
28  367 

5743J29  380 
30  393 


as 
38 

5> 

64 

76 
89 


1 
2 
3 

4 
6 

6 
7 

8  102 

9  115 

10  127 

11  140 
12153 

13  166 

14  178 

15  191 

16  204 

17  217 

18  229 

19  242 


.1  Cosine 


10*805668 
10*805269 
10*804871 
10-804473 
10*804075 
10*803678 

10*803281 
10*802885 
10*802489 
10*802093 
10*801698 


10*801303 
10*800909 
10*800514 
10*800121 
10-799727 

10*799334 
10*798941 
10*798549 
10*798157 
10*797766 


10797374 
10-796983 
10-796593 
10*796203 
10*795813 

10-795423 
10-795034 
10-794646 
10*794257 
10*793869 


10-793481 
10*793094 
10*792707 
10*792321 

W79'934 
10-791548 
10-791163 
10-790778 
10-790393 
10-790008 


10*789624 
10-789240 
10-788857 
10-788474 
10*788091 

10*787709 
10*787326 
10*786945 
10*786563 
10*786182 


Parts 


10*7^5802 
10-785421 
10*785041 
10*784662 
10*784282 

10*783903 
10-783525 
10*783146 
10*782768 
10-782391 


Secant 


Tan^nt 


9*199713 
9*200121 
9*200529 
9*200937 
9*201345 
9*201752 

9-202159 
9*202565 
9*202971 
9-203377 
9*203782 


9*204188 
9*204592 
9*204996 
9*205400 
9*205804 

9*206207 
9*206610 
9*207013 
9*207415 
9*207817 


9-208218 
9*208619 
9*209020 
9*209420 
9*209820 

9-210220 
9*210619 
9*211018 
9*211417 
9*211815 


9-212213 
9*212611 
9*213008 
9-213405 
9*213802 

9-214198 
9*214594 
9*214989 
9*215385 
9*215780 


9*216174 
9*2165^8 
9*216962 
9*217356 
9*217749 

9*218142 
9*218534 
9*218926 
9*219318 
9*219710 


9*220101 
9-220492 
9-220882 
9-221272 
9*221662 

9*222052 

9- 22244  T 
9*222830 
9*223218 
9-223607 


Cotang. 


Parts 


^3 

47 
40 

54 
67 
81 
94 


I" 

2 

3 

4 

6 

6 

7 

8  108 

9  121 

10  134 

11  148 

12  161 

13  175 

14  188 
16  201 

16  215 

17  229 

18  242 
19255 

20  269 

21  282 

22  295 

23  309 
24323 

26  336 

26350 

27  363 
28376 
29  3^ 

90  403 


Cotang. 


1 
9 
3 

4 
6 

6 
7 


11 

39 

2 

5 

79 
92 


8  105 

9  118 

10  131 

11  144 
12157 

15  170 
14183 

16  196 

16  210 

17  223 

18  236 
19249 

20  262 

21  275 
22288 
^  301 

24  314 

25  327 

26541 

27J54 

28  367 

29  380 
90  393 


Parts 


0*800287 
0-799879 
0*799471 
0-799063 
0*798655 
0*798248 

0-797841 
0*797435 
0*797029 
0*796623 
0*796218 


0*795812 
0*795408 
0*795004 
0*794600 
0*794196 

0-793793 

o*795390 
0*792987 

0*792585 

0*792183 


0*791782 
0*791381 
0*790980 
0-790580 
0-790180 

0*789780 
0*789381 
0-788982 
0*788583 
0*788185 


0-787787 
0-787389 
0-786992 
0*786595 
0*786198 

0*785802 
0-785406 
0-785011 
0-784615 
0*784220 


0-783826 
0*783432 
0-783038 
0-782644 
0-782251 

0*781858 
0*781466 
0*781074 
0*780682 
0*780290 


0-779899 
0*779508 
0*779118 
0-778728 
0-778338 

0*777948 
0*777559 

o*777'7o 
0-776782 
0*776393 


TsngeDt 


Secant 


0*005380 
0*005390 
0*005400 
0*005410 
0-005420 
0*005430 

0-005440 
0*005450 
0*005460 
0*005470 
0*005481 


0*005491 
0*005501 
0*005511 
0*005521 
0*005531 

0*005541 
0-005552 
0*005562 
0*005572 
0*005582 


0*005592 
0*005602 
0*005613 
0*005623 
0*005633 

0*005643 
u>*oo5654 
0*005664 
0*005674 
0-005684 


0*005695 
0*005705 
0*005715 
0*005726 

0*005736 
0*005746 

0*005757 
0-005767 
0*005777 
0-005788 


0*005798 
0*005809 
0*005819 
0*005829 
0-005840 

0*005850 
0*005861 
0*005871 
0*005882 
0*005892 


0*005903 
0*005913 
0*005924 
0*005934 
0-005945 

0*005955 
0*005966 
0*005976 

0-005987 
0*005997 


Parts 


// 


1 
2 
3 

4 
6 

6 

7 
8 
9 
0 

1 
2 
3 

4 
6 

6 
7 
8 
9 
20 

21 
22 


o 
I 
1 
1 

2 

2 
a 

3 
3 
3 

4 
4 
4 
5 
5 

5 
6 

6 

6 

7 

7 
7 

23  8 

24  8 
8 


9-994620 
9-99461C 
9-994600 
9*994590 
9*99458c 
9*994570 

9-994560 
9*994550 

9*994540 
9*994530 

9*994519 


9994509 

9*994499 
9.994489 

9*994479 
9-994469 

9*994459 
9*994448 

9*994438 

9'9944»« 
9*994418 


26 
26 

a? 

28 

2910 

3010 


9 
9 
9 


Parts 


Cosine 


9*994408 

9994398 
9*994387 

9994377 
9*994  J67 

9*994357 
9-994346 

9*99433^ 
9*994326 

9*994316 


9*994305 
9*994295 
9*994285 
9*994274 
9*994464 

9'994a54 
9*994*43 

9*994»33 
9*994223 

9*994212 


1 
2 
3 

4 
6 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 

23  8 
2«  8 
26  8 

26  9 

27  9 

28  10  19*994024 

29  10 

30  xc 


9*994202 
9*994191 
9*994181 

9*994171 
9*994160 

9*994>5o 

9*994>39 
9-994129 

9994118 

9*994108 


9-994097 

9*994087 
9.994076 

9*994066 

9*994055 
9*994045 
9-994034 


9*994013 
9*994003 


"eo~ 

30 

6ft 

54  !     30 


58 
56 


52 
50 

48 
46 
44 
43 
40 

38 
36 
34 
33 
30 

28 

26 
24 
22 
30 

18 
16 
U 
13 
10 

8 

6 
4 
2 


58 
56 
M 

58 

50 

48 
46 
44 


36 
83 


36 
34 


18 
16 
14 
13 
10 

8 

6 
4 
3 
• 


58 

80 

67 
30 
56 

80 

55 

30 
64 

80 

53 

80 

58 

80 
51 

80 
50 


30 

49 

30 

48 

80 

47 

30 

46 

80 

46 


44 
30 
43 

88 

49 

80 

41 

80 

40 


39 

80 

38 

811 

37 

80 

36 

80 

35 


34 


33 


32 

81 
31 


TABLE  68 


711 


LOG.  SINES,  COSINES,  &c. 


0*»  38™ 


9^ 


/// 


00 

41 

30 

42 
43 

30 
44 

ao 
45 


53 

ao 
64 

30 
6d 


30 

66 
w 
67 

30 
58 

30 

59 

30 

60 


0 

s 

4 

6 

8 

10 

12 
14 
16 
18 


M 


30 

33 
34 
38 

38 
40 

49 
44 

46 
48 
00 

sat 

94 

56 

66 


4 

6 

8 

10 

12 

14 
16 
18 
90 

29 

24 
90 


39 
34 
38 
38 
40 

49 
41 
48 
48 
38 

8*. 
M 
96 
98 
40 


Sine 


f  ff 


9*217609 
9-217987 
9*218363 
9*218740 
9*219116 
9*219492 

9*219868 
9*220243 
9*220618 
9*220993 
9*221367 


9*221741 
9*222x15 
9*222488 
9*222861 
9*223234 

9*223606 
9*223978 
9*224349118 
9*22472 1 
9*225092 


9*225462 
9*225833 
9*226203 
9*226573 
9*226942 

9*227311 
9*227680 
9*228048 
9*228416 

2: 


'22878430 


9*229151     1      12 

9*229518  S   24 

9*229885  3  36 
9*230252  4  48 
9*230618   ft    60 

9*230984  6  73 
9^231349  7  85 
9*231715  8  97 
9*232079  9  109 
9*23244410  121 


9*232808 
9*233172 

9*233899 
9*234262 

9*234625 
9*234987 

9'a35349 
9-235711 

9^23607340 


9*236434 
9*236795 
9*237155 

9**375iS 
9*237875 

9*238235 
9*238594 
9-238953 
9*239312 
9*23o67( 


F^irti 


tf 


12 

*5 

37 

50 
62 


8  74 

7  87 

8  99 

9  112 

10  124 

11  136 
13  149 

13  161 

14  174 

15  186 


16  198 

17  2X1 


223 

19  236 

20  248 

21  26  X 
22273 
23  286 
24298 

310 

26  323 

27335 

34« 
29360 

372 


II  133 
12145 
13X57 

14  169 

15  x8i 

16  193 
17206 
18  2x8 
19230 

242 

21254 
22266 
23278 

24  290 

25  302 

26  3x4 

27  327 
28338 
2935X 

363 


Coeec. 


10*782391 
10*7820x3 
10*781637 
10*78x260 
10*780884 
xo'780508 

10*780x32 

10779757 
10*779382 

xo*779oo7 
10*778633 


10*778259 
10*777885 
10*7775x2 
10*777x39 
10*776766 

10*776394 
xo*776o22 
10*775651 
10*775279 
10*774908 


io'774538 
10*774167 

10*773797 

10*773427 

10*773058 

10*772689 

10*772320 
10*771952 
10*771584 
10*77x2x6 


xo' 770849 
10*770482 
10*770115 
10*769748 
10-769382 

10*769016 
10*768651 
10*768285 
10*767921 
10*767556 


10*767192 
10*766828 
10*766464 
10*766101 
10*765738 

10*765375 
10*765013 
10*764651 
10*764289 
10*763927 


O30 


Coiixie     PhrtB 


10*763566 
10*763205 
10*762845 
10*762485 
10*762125 

10*76x765 
10*761406 
10*761047 
10*760688 
10*760330 


Tangent 


9*223607 
9*223994 
9*  224382 
9*224769 
9*225156 

9***5543 
9*225929 
9*226315 
9*226700 
9*227086 
9*227471 


9*227855 
9*228239 
9-228623 
9*229007 
9*229390 

9-229773 
9*230156 
9*230539 
9*230921 
9*231302 


9*231684 
9*232065 
9*232446 
9*232826 
9*233206 

9*233586 
9*233966 

9'»34345 
9*234724 

9*235x03 


9-235481 
9*235859 
9-236237 
9*236614 
9*236991 

9*237368 
9-237744 
9*238120 
9*238496 
9*238872 


9*239247 
9*239622 
9-239996 
9*24X>37i 
9*240745 

9*241118 
9*241492 
9*241865 

9*2422r38 
9*2426x0 


Secant 


9*240^2 

9*43154 
9*243726 

9-244097 

9*244468 

9*244839 
9-245*09 
9*245579 
9*245949 
9-2463x9 


Parts 


I"  13 

2  25 

3  38 

*  51 

5  64 

6  77 

7  90 

8  102 

9  1x5 
0  128 


4 
5 


140 

'53 
166 

179 

192 

6  204 

7  217 

8  230 
9243 

20  255 

21  268 
22281 

23  294 

24  307 

25  320 

26332 

27345 
28358 

29  371 

30  383 


1  12 

2  25 

3  37 

4  50 

5  62 

6  75 

7  87 

8  xoo 

9  112 
125 

137 

2  150 

3  162 

4  175 

5  187 

6  200 

7  212 

8  224 

9  237 

20  249 

21  261 

22  274 

23  286 

24  299 

25  31X 

26  323 
27336 

28  348 

29  361 

30374 


Cotang. 


0-772145 
0-771761 
0*771377 
o' 7  7099  3 
0-7706x0 

0*770227 
10*769844 
0*769461 
0*769079 
0-768698 


Cotang. 


Parts 

80° 


0-776393 
0-776006 
0-775618 

o  7755^3" 
0-774844 

0*774457 
0*774071 
0*773685 
0*773300 
0*772914 
0-772529 


0*768316 
0*767935 
0*767554 
0-767174 
0*766794 

0*7664x4 
0*766034 
0-765655 
0*765276 
0*764897 


0*764519 
0*764141 
0*763763 
0-763386 
0*763009 

0*762632 
0*762256 
0*761880 
0*761504 
0-761x28 


0*760753 
0*760378 
0*760004 
0*759629 

0-759*55 
0*758882 
0-758508 
0-758135 
0-757762 
0*757390 


0-757018 

0*756646 

0-756 

0*755903 

0*755532 

0*755161 
0*754791 
0-754421 
0*754051 
0*753681 


Tangent 


Secaiit 


0-005997 
0-006008 
0-006018 
0-006029 
0-006040 
0-006050 

0*006061 
0*006072 
0*006082 
0*006093 
0*006103 


0*006x14 
0*006125 
0*006136 
0*006146 
0*006157 

0*006x68 
0*006178 
0*006189 
0*006200 
0*00621] 


0*006221 
0*006232 
0*006243 
0*006254 
0*006265 

0*006275 
0*006286 
0*006297 
0*006308 
0*006319 


0*006330 
0*006340 
0*006351 
0*006362 
0*006373 

0*006384 
0-006395 
0*006406 
0*006417 
0*006428 


0*006439 
0*006450 
0*006461 
0*006472 
0*006483 

0*006494 
0*006505 
0*006516 
0*006527 
0*006538 


0*006549 

0*006560 

274110*006571 

|j[o*oo6  ^82 

10-006593 

10*006604 
^0*006615 
10*006626 
10*006637 
10*006649 


Cosec. 


Parts 


l"o 

2  I 

3  I 

4  1 

5  2 


6 
7 
8 
9 
0 

1 
2 

3 

4 
5 

6 

7 
8 
9 


20 

21  7 

22  8 

23  8 

24  9 

25  9 

26  9 

27  10 

28  10 
2910 
3011 


1  O 

2  I 

3  I 

4  X 

5  2 


6 
7 
8 
9 
0 

1 
2 
3 

4 
5 

6 
7 
8 
9 
20 


2 

3 
3 

3 

4 

4 

4 

5 

5 
6 

6 

7 

I 

7 
7 


21  8 

22  8 

23  8 

24  9 
26  9 

26  9 

27  10 

28  10 
2911 
30X1 


9-993886 
9-993875 
9-993864 

9*993854 
9'993«43 
9-993832 
9*993822 
9*993811 
9*993800 

9*993789 


Parts 


Cosine 


9-994003 
9*993992 
9*993982 
9*993971 
9-993960 
9-993950 

9*993939 
9*993928 

9-993918 

9-993907 

9-993897 


9993779 
9-993768 

9*993757 
9*993746 
9*993735 
9-993725 
9-993714 
9-993703 
9-993692 
9*993681 


9-993670 
9-993660 
9*993649 
9-993638 
9-993627 

9*9936x6 
9-993605 

9*993594 
9-993583 

9*99357^ 


9*993561 
9*993550 

9*9935S9 
9-993528 

9-9935x7 

9*993506 

9*993495 
9-993484 

9*993473 
9-993462 


9*993451 
9*993440 
9-993429 
9-993418 

9*993407 
9.993396 

9*993385 

9*993374 
9-993363 

9-993351 


Sine 


HI' 


58 
50 
54 
52 
50 

48 
46 
44 
42 
40 

38 
36 

32 
30 

28 
20 
24 
22 
20 

18 
16 
14 
12 
10 

8 
0 

4 
2 

58 
56 
94 
92 
90 

48 
46 
44 
42 
40 

38 
36 
i34 
32 
30 

28 
26 
24 
22 
20 

18 
16 
14 
12 
10 

8 

6 
4 

2 
0 


/  // 

30" 

30 

29 

ifO 

28 

30 

27 

30 

26 

80 

25 


80 

24 

30 

23 

30 

22 

30 
21 

30 

20 

30 

19 

30 

18 

30 

17 

30 

16 

30 
15 


30 

14 

30 

13 

30 

12 

30 
11 
80 

10 

30 

0 

30 

8 

30 

7 

80 

6 

80 
6 


30 

4 

30 

a 

30 

% 

30 

I 

30 


/// 


5h  20™ 


712 


TABLE  68 


LOG.  SINES,  COSINES,  &c. 


Qh  4Qni 


10* 


/  // 


0 

30 

1 

SO 

2 

30 

3 

30 

4 

so 

ft 


so 

6 

so 

7 
so 

8 

30 

9 

30 
10 


SO 

11 

so 
12 
so 

13 

30 

U 
so 
15 

30 

16 

80 

17 
so 

18 

80 

SO 

20 


so 
21 

so 
22 

80 


30 

24 

30 


30 
26 
80 

27 

80 

28 
30 

29 
30 

30 


/  f/ 


0 

s 

4 

e 

8 
10 

IS 
14 
10 
18 
20 

S2 
34 
28 
28 
30 

32 
34 
30 
38 

40 

42 
44 

40 

48* 

50 

82 
M 

50 
68 

4Ui 

2 

4 

0 

8 

10 

12 
14 
16 
18 
20 

22 
24 
20 
28 
SO 

82 
34 

30 

38 
40 

42 
44 
48 
48 
50 

52 
54 
50 

58 


Sine 


9*239670 
9*240028 
9*240386 
9-240744 
9*241101 
9-241458 

9*241814 
9*242170 
9*242526 
9*242882 
9-243237 


9-243592 
9*243947 
9*244302 
9*244656 
9*245010 

9'»45363 
9*245717 

9*246069 

9*246422 

9*246775 


*  47 
6  59 

6  71 

7  83 

8  94 

9  106 
10  118 

11 
12 
13 
14 
15 


9*247127 
9-247478 
9-247830 
9*248181 
9*248532 

9-248883 
9-249233 
9-249583 

9'a49933 
9*250282 


9*250631 
9*250980 
9-251329 
9-251677 
9-252025 

9*252373 
9*252720 
9-253067 
9-253414 
9-253761 


9  103 

10  115 

11  126 

12  138 

13  149 

14  161 

15  172 

16  184 

17195 
18  207 

19218 

20  230 

9*25755421  241 


9*254107 

9'a54453 
9-254799 

9-255144 

9-255490 

9'a55834 
9*256179 

9*256523 

9-256867 

9-257211 


9-257898 
9*258241 
9*258583 
9*258926 

9-259268 
9*259609 
9-259951 
9*260292 
9*260633 


Parts 


1"  12 
2    24 

»    35 


Cosec. 


16 

17 


130 
141 

153 
165 

177 

189 
200 

18  212 

19  224 

20  236 

21  248 

22  259 

23  271 
24283 
25295 

26  307 

27  318 

28  330 

29  342 

30  3S4 


// 


II 
23 

34 
46 
57 
69 
80 

9* 


22253 
23264 
24276 
25287 

26  299 

27  310 

28  322 
29333 
30  345 


•    Cosine 


Parts 


0*760330 
0*759972 
0*759614 
0*759256 
0*758899 
0*758542 

0*758186 
0-757830 

0*757474 
0*757118 

0-756763 


0*756408 
0*756053 
0-755698 

0755344 
0-754990 

0*754637 
0-754283 
0-753931 

0-753578 
0*753225 


0*752873 
0*752522 

0*752170 

0*751819 

0*751468 

0*751117 
0-750767 
0*750417 
0-750067 
0*749718 


0*749369 
0*749020 
0*748671 
0*748323 
0*747975 

0*747627 
0-747280 
0*746933 
0-746586 
0*746239 


0*745893 

0745547 
0*745201 

0*744856 

0744510 

0*744166 
0*743821 

0743477 
0*743133 

0*742789 


0*742446 
0*742102 
0*741759 
0*741417 
0-741074 

074073* 
0*740391 

0*740049 

0739708 

0-739367 


Tangent 


9-246319 
9*246688 
9*247057 
9-247426 
9-247794 
9-248162 

9-248530 
9-248897 
9*249264 
9-249631 
9-249998 


Parts 


9-250364 
9*250730 
9*251096 
9-251461 
9*251826 

9-252191 
9-252556 
9*252920 
9-253284 
9*253648 


11 
12 
13 
14 
15 

16 
17 
18 
19 
20 


9*254011 
9*254374 

9'»54737 
9-255100 

9*255462 

9*255824 
9*256186 
9-256547 
9*256908 
9*257269 


21 


9-257630 
9.257990 
9*258350 
9*258710 
9*259069 

9-259429 
9-259787 
9-260146 
9-260504 
9*260863 


9*261220 
9-261578 
9*261935 
9*262292 
9*262649 

9-263005 
9*263361 
9*263717 
9*264073 
9*264428 


Secant 


9*264783 
9*265138 
9*265493 
9*265847 
9*266201 

9*266555 
9*266908 
9*267261 
9*267614 
9-267967 


1* 

2 

3 

4 

6 


12 

14 
36 

49 
61 


6  73 

7  85 

8  97 

9  110 
10  122 


134 
[46 

158 

170 
183 

195 

207 

219 
231 

H3 
__  256 
22268 

23  280 

24  292 
35  304 

26316 
27  329 
28341 
29353 
30365 


1 
2 
3 

4 
5 

6 

7 
8 


12 

44 
36 

48 

59 

71 
83 
95 


9  107 

10  119 

11  131 
12143 
13155 
14  167 
IB  178 

16  190 

17  202 

18  214 
19226 

20  238 

21  250 

22  262 

23  274 
24285 

25  297 

26  309 

27  321 

88  333 
29345 
30  357 


Cotang. 


Cotang. 


0-753681 
0-753312 
0*752943 

075*574 
0*752206 

0-751838 

0-751470 
0*751103 
0*750736 
0*750369 
0*750002 


0749636 
0-749270 
0*748904 
0*748539 
0*748174 

0*747809 

0747444 
0*747080 

0*746716 

0*746352 


0*745989 

0*745626 

0*745263 

0*744900 

0744538 

0*744176 

0*743814 

0743453 
0*743092 

0*742731 


0741370 
0*742010 
0*741650 
0*741290 
0*740931 

0*740571 
0*740213 

o  739854 
0*739496 

0*739137 


0*738780 
0*738422 
0*738065 
0-737708 

073735 « 
0*736995 
0-736639 
0-736283 

0*735927 
0*735572 


Parts 

"79^ 


0*735217 
0*734862 

0734507 

0734153 
0*733799 

0733445 
0733092 

0*732739 

0*732386 

0*732033 


Tlsngent 


Secant 


0-006649 
0*006660 
0-00667] 
0*006682 
0-006693 
0-006704 

0-006716 
0*006727 
0*006738 
0*006749 
0-006760 


0*006772 
0*006783 
0*006794 
0*006805 
0*006817 

0*006828 
0*006839 
0*006851 
0*006862 
0*006873 


0-006885 
0-006896 
0*006907 
0-006919 
0*006930 

0-006941 
0*006953 
0-006964 
0-006976 
0-006987 


0*006998 
0-007010 
0*007021 
0-007033 
0-007044 

0-007056 
0*007067 
0*007079 
0*007090 
0-007102 


0-007113 
0-007125 
0*007136 
0-007148 
0-007159 

;o*oo7i7i 
0*007182 
10*007194 
0*007206 
0*007217 


0*007229 
0*007241 
0*007152 
0*007265 
0*007276 

0*007287 
0*007299 
0*007310 
0*007322 
0*007334 


Cosec. 


Parts 


l"o 

2  I 

3  I 

4  2 
6   X 


6 

7 
8 
9 
0 

1 
2 
3 

4 
5 


2 

3 

3 
3 

4 

4 
5 
5 

5 

6 

6  6 

7  6 

8  7 

9  7 

20  8 

21  8 
23  8 
23  9 
34  9 
25  9 

36  10 

37  10 
38ii 
3911 
SOU 


9-993228 
9*993217 
9*993206 

9993  "95 
9993183 

9-993172 
9-993161 

9993  «49 
9*993138 

9-993127 


1  o 

3  I 

3  I 

4  1 
6  2 


6 
7 
8 
9 
0 

1 
3 
3 

4 
6 


2 

3 
3 
3 

4 

4 
5 
5 

5 

6 


6  6 

7  6 

8  7 

9  7 

30  8 

31  8 
33   8 

33  9 

34  9 

35  10 

36  10 

3710 

39II 
soil 


Parts 


Cosine 


9-993351 
9*993340 
9993329 
9*9933i» 

9993307 
9-993296 

9-993284 

9*993*73 
9*993262 

9-993251 

9993240 


9-993115 
9*993104 

9*993093 
9-993081 

9-993070 
9993059 

9*993047 
9.993036 

9993024 
9*993013 


9*993002 
9*992990 
9992979 
9-991967 
9-992956 

9*99*944 

9*99*933 
9-992921 

9*992910 

9-992898 


9*99*887 

9-992875 
9*992864 

9-992852 

9*992841 

9*992829 
9*992818 
9*992806 
9992794 

9*99*783 


9*992771 

9*99*759 
9*992748 

9*99*716 
9.992724 

9:992713 
9-992701 
9-99265^ 
9*992678 
9-992666 


Sine 


/// 


58 
56 
54 

set 

50 

48 
46 
44 
42 
40 


ao;  6" 

30 

59 

3V 

58 

30 

67 

30 

56 


34 

32 
30 

28 
26 


18 
16 
14 
12 
10 

8 

6 

4 

2 
19 
58 
56 
54 
52 
50 

48 

46 


34 

32 


18 
16 
14 
12 
16 

8 
6 
4 
2 
0 


55 


54 

3t 

53 

30 

52 
30 

51 

30 

56 


30 

49 

30 

48 

80 

47 

30 

46 

8Q 

45 


30 

44 

30 

43 

30 

43 

31 

41 

30 

40 


39 

30 

38 

8Q 

37 

St 

36 

8Q 

35 


34 

80 
33 


31 

80 
30 


/// 


6"  18 


m 
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LOO.  SINES,  COSINES,  &c. 

0>»  42*=                                                     10° 

/  9t 

m. 

•• 

Sine 

Pkirts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts    Cosine 

m. 

/// 

30 

0 

9*260633 

10*739367 

9*267967 

10*732033 

10*007334 

9-992666 

L8 

30 

30 

% 

9260974 

1"  11 

10*739026 

9*268319 

1"  12 

10*731681 

10-007346 

l"o 

9-992654 

68 

80 

SI 

4 

9*261314 

2    22 

10*738686 

9*268671 

2    23 

10*731329 

10*007357 

3    I 

9-992643 

66 

29 

30 

0 

9*261654 

3    34 

10-738346 

9*269023 

3    35 

10*730977 

10*007369 

3   I 

9*992631 

54 

so 

32 

8 

9261994 

*   45 

10*738006 

9*269375 

4    46 

10*730625 

10-007381 

4   2 

9*992619 

92 

28 

30 

10 

9-262334 

6    56 

10-737666 

9*269726 

5     58 

10*730274 

10*007393 

5   2 

9*992607 

50 

30 

33 

U 

9*262673 

«    67 

10-737327 

9*270077 

6    70 

10*729923 

10-007404 

6  2 

9*992596 

48 

27 

80 

14 

9*263012 

7    7« 

10*736988 

9*270428 

7    81 

10*729572 

10*007416 

7  3 

9*992584 

46 

30 

34 

18 

9*263351 

8    90 

10-736649 

9-270779 

8    93 

10-729221 

10*007428 

8  3 

9*992572 

44 

26 

30 

18 

9*263689 

9  loi 

10*736311 

9*271129 

9  105 

10*728871 

10*007440 

9  4 

9-992560 

43 

30 

3ft 

SO 
2S 

9*264027 

10  112 

11  123 

10-735973 

9*271479 

10  116 

11  128 

10-728521 

10-007451 

10  4 

11  4 

9-99*549 

40 
38 

25 

30 

30 

9264365 

10*735635 

9*271829 

10*728171 

10*007463 

9*992537 

36 

M 

9*264703 

12135 

10*735297 

9*272178 

12139 

10-727822 

10*007475 

13   5 

9*992525 

36 

24 

30 

U 

9*265040 

13  146 

10-734960 

9*272527 

13  151 

10*727473 

10*007487 

13    5 

9'99*5>3 

34 

30 

37 

M 

9*265377 

14157 

10*734623 

9*272876 

14  162 

10-727124 

10-007499 

14   6 

9*992501 

33 

23 

30 

80 

9-265714 

15  168 

10-734286 

9*273225 

15  174 

10*726775 

10*007511 

15   6 

9*992489 

30 

80 

38 

33 

9*266051 

16  179 

10-733949 

9*a73573 

16x86 

10*726427 

10*007522 

16   6 

9'99a478 

28 

22 

30 

34 

9*266387 

17  191 

10*733613 

9*273921 

17  197 

10*726079 

10*007534 

17   7 

9*992466 

S6 

30 

39 

36 

9-266723 

18  202 

10*733*77 

9*274269 

18  209 

10*725731 

10*007546 

18  7 

9*99*454 

34 

21 

30 

38 

9*267059 

19213 

10-732941 

9-274617 

19  221 

10*725383 

10*007558 

19   7 

9*992442 

SS 

30 

40 

40 
43 

9*267305 

20  224 

21  236 

10*732605 

9-274964 

20  232 

21  244 

10*725036 

10*007570 

30  8 

31  8 

9*992430 

SO 
18 

20 

30 

30 

9*267730 

10*732270 

9*275312 

10*724688 

10*007582 

9*992418 

41 

44 

9*268065 

22247 

10*731935 

9*275658 

22256 

10*724342 

10*007594 

33   K) 

9*992406 

16 

19 

30 

46 

9268399 

23258 

10-731601 

9-276005 

23  267 

jo-723995 

10*007606 

33   9 

9-992394 

14 

so 

43 

48 

9-268734 

24269 

io*73ii66 

9-276351 

2*279 

10*723649 

10*007618 

34   9 

9*992382 

18 

18 

30 

30 

9*269068 

29  280 

10-730932 

9-276698 

26  290 

10*723302 

10*007630 

26  10 

9*992370 

10 

so 

43 

« 

9*269402 

26  292 

10-730598 

9*277043 

36  302 

10-722957 

10*007641 

36  10 

9*992359 

8 

17 

30 

M 

9*269736 

27303 

10*730204 

9*277389 

27314 

10*722611 

10*007653 

37li 

9'99»347 

6 

30 

44 

56 

9*270069 

28315 

10*729931 

9*277734 

38325 

10*722266 

10*007665 

38ix 

9'99»335 

4 

16 

30 

58 

9*270402 

29  326 

10*729598 

9*278079 

29337 

10-721921 

10-007677 

39II 

9-992323 

S 

30 

45 

30 

«3 

9*270735 

30337 

10-729265 

9-278424 

30  349 

10*721576 

10*007689 

30  12 

9*992311 

V9 
68 

15 

9*271067 

1     II 

10*728933 

9*278769 

1    11 

10-721231 

10-007701 

1    0 

9-992299 

30 

46 

4 

9*271400 

2    22 

10-728600 

9279113 

3    23 

10-720887 

10*007713 

3    I 

9992287 

56 

14 

30 

6 

9*271732 

6    33 

10*728268 

9'a79457 

3    34 

10-720543 

10*007725 

3    I 

9*992275 

54 

30 

47 

8 

9*272064 

*   44 

10*727936 

9*279801 

4    45 

10-720199 

10*007737 

4    2 

9*992263 

52 

13 

30 

10 

9*272395 

»    55 

10-727605 

9-280144 

5    57 

10*719856 

10*007749 

5   2 

9*992251 

50 

30 

46 

U 

9*272726 

6    66 

10*727274 

9*280488 

6    68 

10-719512 

10*007761 

6  2 

9*992239 

48 

12 

30 

14 

9*273057 

7    77 

10*726943 

9-280831 

7    79 

10*719169 

10*007774 

7  3 

9*992226 

46 

30 

49 

16 

9-273388 

8    88 

10-726612 

9*281174 

8    91 

10*718826 

10*007786 

8  3 

9*992214 

44 

11 

30 

18 

9*273718 

•   99 

10-726282 

9*281516 

9  102 

10-718484 

10*007798 

9  4 

9*992202 

43 

30 

50 

30 

SO 

9-274049 

10  no 

11  121 

10-725951 

9-281858 

10  114 

11  125 

10*718142 

10*007810 

10  4 
"  4 

9*992190 

40 
88 

10 

9*274379 

10*725621 

9*282201 

10*717799 

10*007822 

9*992178 

30 

51 

S4 

9*274708 

12  132 

10-725292 

9*282542 

12  136 

10-717458 

10*007834 

13   5 

9*992166 

36 

9 

30 

SO 

9*275038 

13  142 

10-724962 

9-282884 

13  148 

10*717116 

10*007846 

13   5 

9*992154 

34 

30 

52 

S8 

9-275367 

14  153 

10-724633 

9283225 

14  159 

10*716775 

10*007858 

14   6 

9*992142 

3S 

8 

30 

30 

9-275696 

15  164 

10-724304 

9*283566 

15  170 

10*716434 

10*007870 

15   6 

9-992130 

30 

80 

53 

3S 

9*276025 

16  175 

10-723975 

9-183907 

16  182 

10-716093 

10*007882 

16  6 

9*992118 

S8 

7 

30 

34 

9*276353 

17  186 

10*723647 

9*284248 

17  193 

10-715752 

10*007895 

17  7 

9*99*105 

SO 

30 

54 

36 

9-276681 

18  197 

10-723319 

9*a84588 

18  205 

10*715412 

10*007907 

18  7 

9*992093 

M 

6 

30 

38 

9-277009 

19208 

10-722991 

9*284928 

19216 

10-715072 

10*007919 

19  8 

9*992081 

SS 

80 

55 

30 

40 
4S 

9'»77317 

20  219 
31  230 

10-722663 

9-285268 

20  227 
31  239 

10*714732 

10-007931 

30  8 

31  8 

9*992069 

SO 
18 

6 

80 

9*277664 

10*722336 

9-285607 

10-714393 

10-007943 

9*992057 

56 

44 

9-277991 

22  241 

10*722009 

9*285947 

32250 

10-714053 

10*007956 

33  9 

9-992044 

16 

4 

30 

46 

9*278318 

23  252 

10-721682 

9-286286 

23  261 

10-713714 

10*007968 

33   9 

9*992032 

14 

30 

67 

46 

9*278645 

24263 

10-721355 

9-286624 

34  273 

10-713376 

10*007980 

34  10 

9*992020 

IS 

3 

30 

50 

9*278971 

29  274 

10*721029 

9*286963 

35284 

10*713037 

10*007992 

35  10 

9*992008 

10 

30 

58 

03 

9-179297 

26285 

10*720703 

9*287301 

36  295 

10*712699 

10-008004 

36  10 

9*991996 

8 

2 

30 

54 

9*279623 

27296 

10*720377 

9*287639 

37  307 

10-712361 

xo-008017 

3711 

9*991983 

6 

80 

59 

56 

9279948 

28307 

10*720052 

9*287977 

38318 

10-712023 

10*008029 

38II 

9*991971 

4 

I 

30 

58 

9*280274 

29  318 

10-719726 

9*288315 

39330 

10*711685 

10-008041 

3912 

9*991959 

S 

30 

60 

4« 

9-280599 

30  329 

10*719401 

9-288652 

30341 

10*711348 

10-008053 

3012 

9*991947 

0 

0 

/// 

m. 

Cosine 

Fkrts 

Secant 

Cotang. 

Parts 

Tangent 

Cooec 

Parts      Sine 

m. 

•• 

/// 

79°                                                     5*  16»»       1 

T14 


TABLE  68 


LOG.  SINES,  COSiNES,  &c. 


Qh    44m 


ir 


/// 


0 

so 

1 

so 
2 
so 

3 

30 

4 

so 
6 


■^ 


Sine 


so 
6 

30 

7 
so 

8 

so 
9 
so 
10 


so 

11 

so 

12 

so 

IS 

so 
14 

so 

30 

18 
so 

17 

so 

18 
so 
19 

30 

20 


0 

2 
4 

e 

8 
10 

12 
14 
18 
18 
20 

22 
24 
20 
28 
30 

82 
34 
38 


9*280599 
9*280924 
9*281248 
9*281573 
9*281897 
9*282220 

9-282544 
9-282867 
9-283190 
9*283513 
9*283836 


Parts 


1 

a 

3 

4 
6 

6 

7 
8 
9 


// 


II 
21 

3a 
43 
53 

64 

75 
86 

96 


Cosec. 


10  107 

9-284158111  118 
9*284480 12  128 

13  139 

14  150 

15  160 


10*719401 
10*719076 
10*718752 
10*718427 
10*718103 
10*717780 

10717456 
10-717133 
10-716810 
lo*  7 16487 
10*716164 


Tangent     Parts 


30 

21 

so 
22^ 

so 

23 
so 
24 

25 

30 

99 

30 

27 

30 

28 
30 

29 

30 

30 


40 

42 
44 
48 
48 
00 

SI 

U 

38 

08 

«S 

2 

4 

8 

8 

10 

12 
14 
18 
18 
20 

22 
24 

28 
28 
80 

32 
34 

38 
38 
40 

42 
44 

40 
48 
00 

02 
04 

00 
08 

fluS 


9*284802 
9*285124 
9*285445 

9*285766 
9*286087 
9*286408 
9*286728 
9*287048 


9*287368 
9*287688 
9*288007 
9*288326 
9-288645 

9*288964 
9*289282 
9*289600 
9*2899^f8|a9  3ro 
9*290236  30  321 


16  171 

17  182 

18  193 

19  203 

20  214 

21  225 

22  235 
23246 
24257 
25  267 

96278 
97289 
99  300 


[10*71584? 
10*715520 
10*715198 
10*714876 
10-714555 

10*714234 
10-713913 
10*713592 
10*713272 
10-712952 


9*288652 
9*288989 
9*289326 
9*289663 
9*289999 
9*290335 

9*290671 
9*291007 
9*291342 
9*291678 
9*292013 


9-290553 
9*290870 
9*291187 
9*291504 
9*291820 

9*292137 
9*292453 
9*292768 
9*293084 

9'g93399 


1 
2 
3 

4 
6 

6 

7 
8 
9 


10 
21 

3» 
42 

5» 

63 

73 
84 

94 


10*712632 
10*712312 
10-711993 
10*711674 
10*711355 

10*711036 
10*710718 
10*710400 
10-710082 
10*709764 


9*292347 
9*292682 
9*293016 
9*293350 
9-293684 

9*294017 

9*a9435> 
9-294684 

9*295016 
9'a95349 


1" 
2 

3 

4 
5 

6 
7 
8 


II 

22 

33 
44 
56 

67 

78 
89 


Cotang. 


/  // 


10  105 

9*2937i4Jll  115 
9*29402919  126 

9*^94344 13  n^ 
9*294658  14  147 

9*29497215  157 

9-295286 18  168 
9*29560017  178 
9*295913  18  188 
9*296226  19  199 
9*296539  20  209 

21  220 


9*296852 
9*297i«4 
9*297476 

9*297788 
9*298100 

9*298412 
9*298723 


9*29903428  293 


9*»99345 


Cosine 


10-709447 
10*709130 
10*708813 
10*708496 
10*708180 

10*707863 
10*707547 
10*707232 
10*706916 
10*706601 


9*295681 
9*296013 

9'^9^34S 
9*296677 

9*297008 
9*297339 
9*297670 
9*298001 
9*298332 
9*298662 


9  100 

10  111 

11  122 
12133 

13  145 

14  156 

15  167 

16  178 

17  1S9 

18  200 

19  211 

20  222 


10*711348 
10-71 lOII 
10*710674 
10-710337 
10*710001 
10*709665 

10*709329 
10*708993 
10*708658 
10*708322 
10*707987 


Secant 


10*008053 
10*008066 
10*008078 
10*008090 
10*008103 
10*008x15 

10*008x27 
10*008140 
10*008152 
10*008164 
10*008177 


Purta 


21  233 

22245 

23  256 

24  267 
25278 

26289 

27  300 

28  311 

29  322 

3<>334 


10*707653 
10*707318 
10*706984 
10*706650 
10*706316 

10*705983 
10*705649 


10*008189 
10*008201 
10*008214 
10-008226 
10*008239 

10-008251 
10*008264 


10*7053 16  |io*oo8276 
10-704984110*008288 


10-704651 


95  230 
20  241 
M  251 

96  262 

28272 
27283 


29  304 
30314 


Pkrta 


10*706286 
10*705971 
10*705656 

>o'70534a 
10*705028 

10*704714 
10*704400 
10*704087 
10*703774 
10*703461 


9*298992 
9*299322 
9-299651 
9*299980 
9*300309 

9*300638 
9*300967 
9*301295 
9*301624 
9*301951 


10*703148 
10*702836 
10*702524 
10*702212 
10*701900 

10*701588 
10*701277 
10*700966 
10*700655 
10*700345 


Secant 


9*302279 
9*302607 
9*302934 
9*303261 
9*303588 
9*303914 
9*304241 
9*304567 
9*304893 
9*305218 


1 

2 
3 

4 
5 

6 
7 
8 
9 


XI 

22 

33 
44 
54 

65 

76 

87 
98 


10*704319 
10*703987 
10*703655 
10*703323 
10*702992 

10*702661 
10*702330 
10*701999 
10*701668 
10*701338 


10*008301 


9*305544 
9*305869 

9*306194 

9*306519 

9*306843 

9*307x68 
9*307492 
9*3078x6 
9*308139 
9*308463 


Cotang. 


10*701008 
10-700678 
10*700349 
10*700020 
10*699691 

10*699362 
10*699033 
10*698705 
10*698376 
10*698049 


10*008313 
10*008326 
10*008338 
10*008351 
10*008363 

10*008376 
10*008388 
10*008401 
10*008414 
10*008426 


10*697721 


10*697393  10*008578 


10  X09 

11  120 

12  131 

13  142 

14  153 

15  163 

16  174 

17  185 

18  196 

19  207  '10*695107 


10*697066 
'0*696739 
10*696412 

10*696086 
10*695759 


20  218 

21  229 

22  240 

23  251 

24  262 

25  272 

26283 
27294 

28  305 

29  316 

30  327 


Parts 
78° 


10*694782 


10*694456 
10*694131 
10*693806 
10*693481 
10*693157 

10*692832 
10*692508 
10*692x84 
10*691861 
10*691537 


Tmgent 


10*008439 
10*008451 
10*008464 
10*008476 
10*008489 

10*008502 
10*008514 
10*008527 
10*008540 
10*008552 


1" 

2 

3 

4 

6 

6 
7 
8 
9 
10 

11 
12 
13 

14 
15 

10 
17 
18 
19 
20 

21 
22 

23  10 

24  10 

25  xo 

26ix 
27X1 
28X2 

29  12 

30  12 


o 
1 
1 

2 
2 

2 

3 
3 

4 
4 

5 

5 

5 

6 

6 

7 
7 
7 
8 
8 


9991947 
9*991934 
9*991922 
9*991910 
9*99x897 
9-991885 

9*991873 
9-991860 
9'99»848 
9*99x836 
9^991823 


16 

08 
00 
M 
02 
00 

48 

40 
44 


9 
9 


9*991811 
9*991799 
9*991786 

9'99»774 
9*99x761 

9*99x749 
999x736 

9*99'7»4 
9*9917x2 

999 '699 


34 

32 


24 

22 


"So" 

30 
50 

31 

56 

31 

57 

31 

S€ 

30 

55 

30 

54 

JO 

53 

30 

62 

30 
61 


9991687 
9*991674 
9*991662 
9*99x649 
9*991637 

9-99i6a4 
9*9916x2 

9*991599 
9-99X586 
9*99»574 


10*008565 


10*008590 
10*008603 
10*008616 

10*008628 
10*008641 


10*695433  10*008654 
10*008667 
10*008679 


10*008692 
10*008705 
10*0087x8 
10*008730 
10*008743 

10*008756 
10*008769 
10*008782 
10*008794 
10*008807 


Cooeo. 


1 

2 
3 

4 
5 

6 

7 

8 

9 

10 

11 
12 
IS 
14 
15 

16 
17 
18 
19 
20 

21 
22 

23  10 
24 10 
2511 

26x1 
27X1 
28X2 
29X2 
SO  13 


o 

X 
X 

2 
2 

3 
3 
3 
4 

4 

5 

5 

6 

6 
6 

7 

7 
8 

8 

8 

9 
9 


Fbrts 


9*991561 

9*99  «S49 
9*991536 

9-991534 

9*99 15 1 1 

9*99»498 
9*99x486 

9*991473 
9*99x460 

9*991448 


9'99>43S 
9-991422 

9*99x410 

9*991397 

9-991384 

9*991372 
9*991359 
9991346 

9'99«333 
9'99'3^' 


9*991308 
9-991295 
9*991282 
9*991270 
9*991257 

9*991244 
9*991231 
9*991218 
9*991206 

9'99"93 


18 
10 

14 
12 
10 

8 

0 
4 
2 

18 

08 
00 
04 
02 
00 

48 
40 
44 
42 
40 

38 

30 
34 
32 


24 


18 
10 
14 
12 
10 

8 
0 
4 
2 
8 


60 

30 

40 

30 
48 

30 

47 

30 

40 

30 
46 

30 

44 

30 

43 

30 

42 

30 
41 

30 
40 

30 

39 

30 

38 

30 

37 

30 
36 

30 

35 

30 

34 

30 

33 

30 

32 

so 
31 

38 
30 


Sine 


/// 


5^  14- 


TABLE  68 


713 


LOG.  SINES.  COSINES,  &c. 


0»>  46" 


11* 


/// 


80 

30 

SI 

30 

32 

30 

33 

90 

34 

30 
35 


90 


87 

30 

38 

30 

39 
ao 
40 


30 

51 

30 
52 

30 

53 

30 

54 

30 

55 

30 

5C 

30 

57 

30 

58 

30 
30 


0 

s 

4 

0 

8 

10 

u 

14 
M 
18 
SO 

S3 
M 

SO 
S8 
30 

3S 
34 
30 
38 

40 

49 
41 

40 
48 
50 

Si 
54 

50 

58 

s 

4 

0 

8 

10 

12 
14 
10 
18 
SO 

22 
24 
26 
28 
30 

33 
34 

38 
38 
40 

42 
44 
46 
48 
50 

98 
54 
5« 
58 


/// 


Sine 


9-299655 
9*299966 
9'300276 
9'3oo586 
9-300895 
9*301205 

9-301514 
9-30x823 
9*302132 
9-302440 
9-302748 


9*303057 

9-303364112 

9*303672 

9*303979 1* 
9-304287 

9*304593 

9*30490017 

9-305207 

9"3055i3 
9*3058x9^20 


9*306125 
9*306430 
9*306736 
9*307041 
9-307346125 

9*307650  26 

9*307955 
9-308259 

9-308563 
9*308867 


9*309170 
9*309474 
9-309777 


9*3 
9*3 

9' 3 

9'3 
9.3 

9*3 
9'3 


9*3 
9*3 
93 
93 
9-3 
9.3 
93 
9.3 

9' 3 
9.3 


9*3 

9*3 
9.3 

93 
9.3 

9.3 

9'3 
95 
53 
9*3 


0080 
0382 

0685 
0987 
1289 
1591 
1893 


2194 
2495 
2796 
3097 
3397 
3698 

3993 
4297 
4597 
4897 


5196 

549« 

5793 
6092 

6390 

6689 
6986 
7284I28 
7582 


Cosine 


Pftrts 


// 


xo 
21 

31 
41 
51 


6  61 

7  71 

8  82 

9  92 
10  X02 

11 


"3 
123 

13  133 

143 

15  153 

16  164 

174 

18  184 

19  194 

205 

21  215 

22  225 

23  235 

24  245 
256 

266 
27276 
28286 

20  297 
30  307 


1  10 

2  20 

3  30 

4  40 

5  50 

6  60 

7  70 

8  80 

9  90 

10  100 

11  110 

12  120 

13  130 

14  140 

15  150 

16  160 

17  170 

18  180 

19  190 

20  200 


21  210 

22  220 

23  230 
24240 

25  250 

26  260 

27  270 
280 

29  290 
787930  300 


Parts 


Coeec. 


0*700345 
0*700034 
0*699724 
0-699414 
0*699105 
0*698795 

0*698486 
0*698177 
0*697868 
0*697560 
0*697252 


0*696943 
0*696636 
0-696328 
0*69602 1 
0-695713 

0-695407 
0*695100 
0*694793 
0*694487 
0-694x81 


0*693875 
0*693570 
0*693264 
0-692959 
0*692654 

0*692350 
0*692045 
0*691741 
0-691437 
0*691133 


0*690830 
0*690526 
0-690223 
0*689920 
0*689618 

0*689315 
0-689013 
0-688711 
0-688409 
0*688107 


0-687806 
0-687505 
0*687204 
0*686903 
0*686603 

0-686302 
o*686oo2 
0*685703 
0*685403 
0*685103 


0*684804 
0-684505 
0*684207 
0*6839.08 
0*683610 

0*6833.1 
0*683014 
0*682716 
Q'682418 
10*682121 


Seoani 


IVm^nt 


I  .9 


308463 
308786 
309109 
309432 
309754 
0076 

0399 
0720 

1042 

1364 
1685 


2006 
2327 
2647 
2968 
3288 

3608 
3927 
4247 
4566 
4885 


5204 

55*3 
5841 
6159 
6477 

6795 
7113 

7430 

7747 
8064 


8381 
8697 
9013 

9330 
9645 

9961 
320277 
320592 
320907 
321222 


321536 
321851 
322165 
322479 
322793 

323106 
323420 

3*3733 
324046 

324358 


324671 
324983 
325295 
325607 
325919 


326231  26  272 

27  282 

28  293 

29  303 

30  313 


326542 
9-326853 
327164 

3^7475 


Cotang. 


Parts 


1" 
8 

3 

4 
5 

6 

7 
8 
9 


II 

21 

32 

43 

53 

64 

75 

«5 
96 


10  107 

1  117 

12  128 

13  139 

14  149 

15  160 

16  171 

17  181 

18  192 

19  203 

20  213 

21  224 
22235 

23  245 

24  256 

25  267 

26  277 

27  288 

28  299 
29309 
30  320 

i 
2 

3 

4 
5 

6 
7 
8 

9 
0 


10 
21 

31 
42 

5* 

63 
73 
84 

94 
104 

"5 
125 

136 

146 

157 

6  167 

7  178 

8  188 

9  199 

20  209 

21  219 

22  230 

23  240 
24251 
25261 


1 
2 
3 

4 
5 


Phrts 
78® 


Cotang. 


0*691537 
0-691214 
0*69089] 
0*690568 
0-690246 
0^689924 

0*689601 
0*689280 
0*688958 
0*688636 
0-688315 


10*008807 
10*008820 
10*008833 
10*008846 
10*008859 
10-008872 

10*008885 
10*008897 
10*008910 
10*008923 
10*008936 


0*687994 
0*687673 

0*687353 
0*687032 
0*686712 

0*686392 
0-686073 
0*685753 
0-685434 
0*685115 


10*008949 
10*008962 
10*008975 
10*008988 
10*009001 

10*009014 
10*009027 
10*009040 
10*009053 
■10*009066 


0-684796 
0*684477 
0*684159 
0*683841 
0*683523 

0*683205 
0*682887 
0*682570 
0*682253 
0*681936 


0*681619 
0*681303 
0*680987 
0*680670 
0*680355 

0*680039 
0*679723 
0-679408 
0*679093 
0*678778 


0*678464 
0*678149 
0*677835 
0*677521 
0-677207 

0-676894 

0*676580 
0*676267 
0*675954 
0*675642 


0*675329 
0*675017 
0*674705 
0*674393 
0-674081 

0*673769 
0-673458 
0*673147 
0*672836 
0*672525 


Tangent 


Secant 


10*009079 
10*009092 
10*009105 
10*009118 
10*009132 

10*009145 
10*009158 
10*009171 
10*009184 
10*009197 


10*009210 
10*009223 
10*009237 
10*009250 
10*009263 

10*009276 
»o-oo9289 
10*009303 
10*009316 
10*009329 


10*009342 
10*009355 
10*009369 
10*009382 
10-009395 

10*009409 
10-009422 
10*009435 
10*009449 
10*009462 


10*009475 
10*009489 
10*009502 
10*009515 
10*009529 

10*009542 
10*009555 
10*009569 
10*009582 
10*009596 


Cooec. 


Pftrts 


l^^o 

2  I 

3  I 

4  2 

5  2 


6 
7 
8 
9 
0 

1 
2 
3 

4 
5 

6 
7 
8 
9 
20 

21  9 

22  10 

23  10 

24  10 
2511 

26ii 
2712 
26u 
2013 
30  13 


3 
3 
3 

4 
4 

5 

5 

6 

6 
6 

7 

7 
8 

8 
9 


1  o 

2  1 

3  I 

4  2 

5  2 


6 
7 

8 
9 
0 


1 
2 
3 

4 
6 

6 


3 
3 

4 
4 
4 

5 

5 

6 

6 

7 

7 

7  8 

8  8 

9  8 

20  9 

21  9 
2210 
23  10 
24ii 
25ii 

2612 
27X2 
28X2 
2913 
3013 


Pftrts 


Cosine 


9*99x193 
9*99x180 
9*991167 

9'99"54 
9*991141 

9*991128 

9-991115 
9-991x03 
9*99x090 
9*99x077 
9*99x064 


9-99x051 
9*991038 
9-991025 
9*99x012 
9990999 

9*990986 
9-990973 
9*990960 
9*990947 
9*990934 


9*990921 
9*990908 
9990895 
9-990882 
9990868 

9-990855 
9-990842 
9*990829 
9*990816 
9*990803 


9*990790 
9-990777 
9-990763 
9*990750 

9-990737 
9-990724 

9*990711 
9990697 
9-990684 
9-990671 


9*990658 
9-990645 
9*990631 
9*990618 
9*990605 

9*990591 
9-990578 
9*990565 
9-990552 

9*990538 


9-990525 
9*990511 
9*990498 
9*990485 
9*990471 

9*990458 
9*990445 
9*99043 1 
9*990418 
9*990404 


1« 

58 
56 
54 
52 
50 

48 
46 
44 
43 

40 

38 

to 

34 

83 
30 

38 
SO 
24 


18 

10 
14 
13 
10 

8 

0 
4 
2 

IS 

58 

50 

54 

52 

50 

48 
40 
44 
42 
40 

38 
30 
34 
32 
30 

28 
20 
24 
22 
20 

18 
18 
14 
12 
10 

8 
6 

4 
2 
0 


/// 

"30" 
30 

29 

30 

28 

30 

27 
30 

26 

30. 

25 

30 

24 

80 

23 

30 

22 

80 

21 

30 

20 

so 
19 

30 

18 

30 

17 

90 

16 

30 

15 

30 

14 

30 

13 

30 

12 
30 

11 
30 

10 

30 

9 

30 
8 

80 

7 

30 

6 


80 

4 

80 

3 

80 

2 

30 

1 

80 

0 


f  ff 


5h 


12 


m 


716 


TABLE  68 


LOG.  SINES,  COSINES,  &c. 


Oh  48m 


12^ 


/// 

30 

1 

SO 

2 

ao 

3 

M 

4 

80 

5 

ao 
6 

30 

7 

80 

8 

so 
9 

80 

la 

80 
II 

30 

12 

80 

13 

80 

14 
so 
15 

30 

16 

80 

17 

80 

18 

so 
19 

so 
20 

so 
21 

80 
22 
80 

23 

80 

24 

80 
25 

80 

26 
so 
27 

30 

28 
so 

29 
so 

30 


/// 


0 

s 

4 

0 

8 

10 

IS 
14 
16 
18 
20 

» 
24 
20 
28 
80 

82 
84 
80 

38 
40 

42 
44 

46 
48 
50 

02 
M 

56 
58 

2 
4 
6 
8 
18 

12 
14 
16 
16 

so 

22 
S4 

36 


32 
34 
36 
38 

40 

42 
44 
46 

48 
50 

82 
54 

56 
58 

SO 


Sine 


9-317879 
9*318176 

9'3 18473 
9-318769 

9*319066 

9*319362 

9*319658 

9'3i9954j 
9-310149 

9*3»o545 

9*310840 


9-311135 
9*311430 
9-311714 
9*311019 
9-311313 

9*311607 
9*311900 
9*313 194 

9'3a3487 
9-313780 


11  108 

12  118 

IS  117 

14  137 

15  147 

16  157 

17  167 

18  176 

19  186 

20  196 

21  106 

22  116 

23  115 

24  135 

26145 


9*314073 
9*314366 
9*314658 

9*314950 
9-315143 

9'3a5534|2«»55 
9*31581627  165 

9*31611728174 

9*31640929  184 

9' 326700  30  194 


9'3i699i 
9' 327181 

9*3a757i 
9*317861 

9-318151 
9*318441 

9-318731 
9*319011 

9*319310 

9-329599 


10  96 

11  106 

12  115 

13  115 

14  134 

15  144 

16  154 

17  163 

18  173 

19  182 

20  191 

9*33176421  101 


9*319888 
9*330176 
9*330465 

9'330753 
9*331041 

9-331310 
9*331616 
9-331903 
9-332191 
9-331478 


9-333051 
9*333337 
9*333614 

9*333910 

9'334.i95 
9*334481 

9*334767 
9*33505a 


=1 


9*33533730  188 


Parts 


I' 
2 

3 

4 
5 

6 
7 
8 
9 
10 


10 
10 
19 

39 
49 

59 
69 

78 
88 

98 


1 
2 
3 
4 
5 

6 

7 

8 
9 


10 

19 
19 

38 
48 

58 

67 
77 
86 


22  111 

23  111 

24  130 
26  240 

26  150 

27159 
28  169 

29178 


Parts 


Cosec. 


0*681111 
0*681814 
0*681527 
0*681131 
0*680934 
0*680638 

0*680342 
0*680046 
0*679751 
0*679455 
0*679160 


0*678865 
0*678570 
0*678176 
0*677981 
0*677687 

0*677393 
0*677100 

0*676806 

0*676513 

0*676110 


0*675917 
0*675634 
0-675341 
0*675050 
0*674757 

0*674466 
0-674174 
0-673883 
0*673591 
0*673300 


0*673009 
0-672719 
0-672428 
0*672138 
0*671848 

0-671558 
0-67x169 
0*670979 
0*670690 
0-670401 


0*670112 
0*669814 
0*669535 
0*669147 
0*668959 

0-668671 
0*668384 
0*668097 
0*667809 
0*667511 


0*667136 
0*666949 
0*666663 
0*666376 
0-666090 

0*665805 
0*665519 
0*665133 
0*664948 
0*664663 


Secant 


Tangent 


317475 
317785 
318095 
318405 
318715 
319025 

319334 
329644 

3*9953 
330161 

330570 


330879 
331187 

331495 
331803 

331x11 

3314x8 
332716 

333033 
333340 
333646 


11 
12 
13 
14 
15 

16 
17 
18 


333953 
334159 

334565 
334871 
335177 

33548a 
335788 
336093 
336398 
336701 


19 
20 

21 


337007 

3373" 

337615 
337919 

338113 

3385*7 
338830 

339*33 
339436 

339739 


340041 
340344 
340646 
340948 
341150 

34155a 
341853 
34ai55 
34*456 

34a757 


343057 
343358 
343658 
343958 
344*58 

344558 
344858 
345157 
345456 
345755 


Cotang. 


PavtB 


1// 


10 

20 

31 
41 
5' 
61 
71 

8  81 

9  91 
10  101 


2 
3 
4 
5 

6 

7 


113 
123 

133 

143 
154 
X64 

174 
184 

195 

205 

215 
22225 

23236 
24146 
25156 

26166 
27  177 
28187 

29  197 

30  307 


1  10 

2  10 

3  30 

4  40 

5  50 

6  60 

7  70 

8  80 

9  90 

10  10 

11  II 

12  II 

13  13 

14  14 

15  15 

16  16 

17  17 

18  18 

19  19 

20  20 

21  21 

22  22 

23  23 

24  24 

25  252 

2626; 

27  17 

28  18: 

29  19a 

30  302 


Parti 

"77°" 


Cotmg. 


0-672525 
0-672215 
0*671905 
0-671595 
0*671285 
0-670975 

0-670666 
0-670356 
0*670047 
0*669738 
0*669430 


0-669121 
0*668813 
0*668505 
0*668197 
0*667889 

0*667582 
0*667274 
0*666967 
o'66666o 
0*666354 


0-666047 
0*665741 
0-665435 
0*665129 
0*664823 

0*664518 
0*664212 

0*663907 
0*663601 
0*663198 


0-661993 
0*661689 
0*661385 
0*661081 
0*661777 

0*661473 
0*661170 
0*660867 
0-660564 
0*660161 


0*659958 
0*659656 
0-659354 
0*659051 
0*658750 

0*658448 
0*658147 
0*657845 
0*657544 
0*657243 


0-656943 
0*656641 
0*656341 
0-656041 
0*655742 

0*655441 
0*655142 
0*654843 
0654544 

0*654245 


Tangent 


Secant 


0-009596 
0*009609 
0*009622 
0*009636 
0*009649 
0*009663 

0*009676 
0*009690 
0*009703 
0*009717 
0*009730 


0*009744 
0-009757 

0-009771 

0-009785 

0-009798 

0*009812 
0-009825 
0-009839 
0*009851 
0-009866 


0*009880 
0*009893 
0*009907 
0*009911 
0*009934 

0*009948 
0*009961 
0*009975 
0*009989 
0*010003 


0*010016 
0*0x0030 
0*010044 
0*010058 
0-01007 1 

0*010085 
0*010099 
0*010113 
0*010117 
0-0 10 140 


0*010x54 
0-0x0168 
0-0x0181 
0-010196 
0*0101x0 

0-010113 
0*010137 
0*010151 
0*0x0165 
0*010179 


0*0x0293 
0*0x0307 
0*010311 
0*0x0335 
0*0x0349 

0*0x0363 
0*0x0377 
0*0x0390 
0*0x0404 
0*0x04x8 


P^rts 


1" 
2 

4 
4 
5 

6 
7 
8 

9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21  9 

22  10 

23  10 
24IX 
25X1 

26  II 
27x1 
2813 
2913 
3014 


9*990404 
9-990391 
9-990378 
9*990364 
9*990351 

9-99033: 
9*990314 
9*990310 
9*990197 
9*990183 
9*990170 


8 

9 
9 


1  o 

2  X 

3  I 

4  1 

5  2 


6 
7 

8 

9 

10 

U 
12 
13 
14 
15 

16 
17 


3 
3 

4 
4 
5 

5 

5 
6 

6 

7 

7 
8 


18  8 

9 
9 


19 
20 

21  9 
22x0 
23  10 
24X1 
25  IX 

26x1 
27x1 
2813 
29x3 
30  14 


Cosine 


9*990156 

9*990*43 
9*990119 

9*990115 

9-9902O1 

9*990188 
9*990175 
9*990161 
9*990148 

9-990134 


9*990110 
9-990107 
9*990093 
9*990079 
9*990066 

9-990051 
9*990038 
9*990015 
9*990011 
9*989997 


9*989984 
9*989970 
9*989956 
9*989942 
9*989919 

9*989915 
9*989901 
9*989887 

9*989873 
9*989860 


9*989846 
9-989831 
9*989818 
9-989804 
9*989790 

9*989777 
9*989763 

9*989749 
9*989735 

9*989711 


9*989707 

9*989693 
9-989679 

9*989665 

9*989651 

9-989637 
9-989613 
9*989610 
9-989596 

9*98958* 


Cosec.     Plvts 


Sine 


M 
56 
54 
92 
50 

46 
46 
44 
42 
40 

38 
36 
34 


24 
SS 

SO 

18 
16 
14 
IS 

18 

8 
6 
4 
S 

u 

56 
56 
M 
52 
50 

48 

46 
44 
42 


34 
32 


24 


18 
16 
14 
IS 
10 

8 
6 
4 
S 
8 


/  // 

CO 

3b 

59 
30 
58 

30 

67 
31 

58 
3C 

55 


30 
54 

30 

53 

30 

52 

80 
51 

80 

50 

36 

49 

80 

48 

80 

47 

30 
46 

30 
45 


44 

30 

43 

30 

42 

30 
41 
30 

40 


39 

Sfl 

38 

38 

37 
38 

30 

35 


34 
3C 

33 


31 


'' 


fii 


5*  10~ 


/ 


TABLE  68 


717 


LOG.  SINES,  COSINES,  &g. 


Qfc  50" 


12« 


/  // 


30 

30 

31 

80 

33 

ao 

S3 

30 

34 

40 
35 

30 

36 

30 

87 
90 

38 

30 

38 

30 
40 


30 

41 

30 

42 

30 

43 
so 
44 

30 

45 

30 

46 

30 

47 

30 

48 

30 

49 

30 

50 


51 

30 
52 

30 

53 

30 
54 

30 
55 


30 

56 

30 

*7 

30 

58 

30 

59 

30 

60 


/  // 


0 

2 
4 
6 
8 
10 

IS 
14 

16 
18 
SO 

>S 
S4 


30 

32 
34 

30 
38 
40 

4S 
44 

40 
48 
30 

St 
34 
56 

38 

S&l 

s 

4 

6 

8 

10 

U 
14 
16 
18 
SO 

SS 

24 
26 
S8 
30 

33 
34 

30 
38 
40 

42 
44 

46 
48 
00 

52 
54 
£0 
58 

sa 


Sine 


r335337 
9*335622 

9-335906 

9-336191 

9-336475 

9'336759 

9*337043 
9-337326 

9-337610 

9-337893 

9-338176 


PcrtB 


9'33«459 
9-338742 

9*339024113  122 


9*339307 

9*339589 
9*339871 
9*340152 

9'340434 
9-340715 

9-340996 


9-341277 

9-341558 
9-341839 

9-342119 

9*34a399 
9-342679 
9-342959 

9*343*39 
9-343518 

9*343797 


1* 

3 

3 

4 
6 

6 
7 
8 
9 
10 


Cooec. 


9 

19 

28 

38 
47 

56 
66 

75 

85 

94 

11  103 

13  113 


14  132 
16  141 

16  150 

17  160 

18  169 

19  179 
30x88 

31  197 
33  207 
39  216 
34226 
35235 

^6244 
37254 
38263 
39  273 
30  282 


9-344076 

9*344355 
9-344634 

9-344912 

9*345191 

9-345469 

9*345747 
9-346024 
9*346302 
9-346579 


9-346857  11  lox 
9*347134 1«  «" 


9-347410 
9-347687 
9.347963 

9*348240 
9*348516 
9-348792 
9-349067 

9*349343 


13  120 

14  129 
15138 
16  147 

17157 

18  166 

19  175 
30  184 

9-34961831  193 
9-349893  33  203 
9-35010833  212 

9*350443^  "I 
9-35071826  230 

9-35099226239 
9*35126637  249 
9-35154038258 
9*35x8x439  267 
9-35208830  276 


1 
3 

3 
4 
6 

6 
7 
8 
9 
10 


9 
18 

28 

•37 
46 

55 

64 

73 

83 
92 


Cosine 


10-664663 
10-664378 
10*664094 
10*663809 
10*663525 
10*663241 

10*662957 
10*662674 
10*662390 
10*662107 
10*661824 


10-661 541 
10*661258 
10*660976 
10-660693 
10-660411 

10-660129 
10*659848 
10*659566 
10-659285 
10*659004 


10*658723 
10*658442 
10*658161 
10-657881 
10*657601 

10*657321 
10-6570AI 
10*656701 
10*656482 
10*656203 


10*655924 
10-655645 
10*655366 
10-655088 
10*654809 

10*654531 
10*654253 
10*653976 
10*653698 
10*653421 


10*653x43 
10-652866 
xo-652590 
10*652313 
10*652037 

10*65x760 
10*65x484 
xo*65  X208 
xo*650933 
xo-650657 


10*650382 
10*650107 
10-649832 
10*649557 
10*649282 

10*649008 
10-648734 
10*648460 
10-648186 
10-647912 


Tangent 


9*34'J755 
9*346054 

9*346353 
934665 1 

9*346949 
9*347248 

9*347545 

9*347843 
9-348141 

9*348438 
9*348735 


9-349032 
9*349329 
9-349626 
9-349922 
9-350218 

9*3505 >4 
9-350810 

9*351106 

9-35140X 

9*3S'697 


9-35x992 
9-352287 
9*352582 
9-352876 

9*353171 

9*353465 

9*353759 

9*354053 

9*354347 
9-354640 


9*354934 
9-355227 
9*355520 

9*355813 
9*356x05 

9*356398 
9*356690 

9*356982 

9*357274 
9*357566 


9*357857 
9-358x49 

9-358440 

9*358731 
9-359022 

9*359313 
9*359603 

9*359893 
9-360x84 

9-360474 


9-360763 
9-36x05.3 
9*36x343 
9*361632 
9*361921 

9*3622x0 
9-362499 
9*362787 
9*363076 

9*363364 


Parts 


1 
3 
3 

4 
5 

6 
7 
8 
9 
10 


// 


10 
20 
30 
39 
49 

59 

69 
80 

89 
99 
U  X09 
13  118 

13  X28 

14  138 

15  148 

16  X58 

17  x68 

18  178 

19  188 

30  X97 

31  207 
23  217 
33  227 
3*237 

35  247 

36  257 
37266 
38276 
39286 
30  296 


1 
3 
3 

4 
5 

6 
7 
8 
9 
iO 


Parts 


10 

>9 
29 

39 
48 

58 
68 

77 

87 

97 

1  106 

3  116 

X26 

♦135 

6  X45 

6155 

7  X64 

8  174 

9  184 
90  193 

31  203 

33  2x3 
23  222 

34  232 
36  242 

36  251 

37  261 

38  27X 
39280 
SO  290 


Secant   I  Cotang. 


Cotang. 


10*654245 
10*653946 
10-653647 
10*653349 
10-653051 
10-652752 

10*652455 
10*652157 
10-651859 
10*651562 
10*651265 


10-650968 
XO-650671 
10-650374 
10*650078 
10*649782 

10-649486 
10-649190 
10-648894 
10-648599 
10-648303 


10-648008 
10*647713 
10-647418 
10*647124 
10*646829 

10*646535 
xo-646241 
10*645947 
xo-645653 
10*645360 


10-645066 
10*644773 
10*644480 
10*644x87 
xo-643895 

10*643602 
10-6433x0 
10*643018 
10-642726 
10*642434 


10*642143 
10*641851 
10*641560 
10*641269 
10-640978 

10-640687 
10-640397 
10*640107 
10*639816 
10*639526 


Ptuis 
77° 


10*639237 
10*638947 
10*638657 
10-638368 
10*638079 

10*637790 
10-63750X 
10*637213 
10*636924 
10-636636 


Secant 


10-010418 
10*010432 
10*010447 
10*010461 
10-010475 
10-010489 

10*010503 
10*010517 
10*010531 
10*010545 
10*010559 


10-010573 
10*010587 
10-010601 
10*010615 
10*010630 

10*010644 
10*010658 
10*010672 
10*010686 
10*010700 


Parts 


10*010715 
10*010729 
10-010743 
10*010757 
10-010772 

10*010786 
10*010800 
10*010814 
16*010829 
10*010843 


10*010857 
10*010872 
10*010886 
10*010900 
10*0109x5 

10*010929 
10*010943 
10*0x0958 
10*010972 
10*010986 


10*011001 
10*0x10x5 
10*011030 
10*011044 
10*0x1058 

10-01x073 
10*01x087 

X0*0XXX02 

io*oxxxi6 
10-01x131 


Tangent 


10*011x45 
io*oxxx6o 
xo*oxii74 
io*oxxx89 
xo*ox  X203 

XO*OII2l8 

10*01x232 

xo*oxx247 

IO*OXX26l 

10*011276 


l"o 
3    1 

3  1 

4  2 
6   2 


6 
7 
8 
9 
0 

1 
3 
3 

4 


3 
3 

4 
4 
5 

5 
6 

6 

7 
6    7 

6  8 

7  8 

8  8 

9  9 

30  9 

31  10 
33  10 
23X1 
2411 
25  12 

2612 
2713 
2813 
2914 
30  14 


1 
2 
3 

4 
5 

6 

7 
8 
9 
0 

1 
2 

3 

4 
5 

6 
7 
8 
9 


o 
I 
I 

2 

2 

3 
3 
4 
4 
5 

5 
6 

6 

7 
7 
8 
8 

9 

9 


Cosec. 


20x0 

21  10 
33x1 
33ix 
34x2 
35X2 

36X2 
37x3 
38x3 
2914 
3014 


9*989427 
9*989413 

9*989399 

9*989385 
9*989370 

9989356 
9989342 
9*989328 
9*989314 
9*989300 


Cosine 


9*989582 
9*989568 

9*989553 

9*989539 

9'9895»5 
9*989511 

9*989497 

9*989483 
9-989469 

9989455 

9*989441 


9*989285 
9*989271 
9989257 
9989243 
9*989228 

9*989214 
9-989200 
9*989186 
9-989171 
9-989157 


9*969143 
9*98912^ 
9*989114 
9'989ioc 
9-989085 

9*98907] 
9*98905: 
9*98904.- 
9*98902^ 
9*989014 


9988999 
9*988985 

9*988970 

9*988956 

9*988942 

9*988927 
9*98891: 
9*98889^ 
9*988884 
9*988869 


9*988855 
9-98884C 
9-988826 
9*988811 
9-988797 

9-988782 
9-988768 
9*988753 
9*988739 
9*988724 


Parts 


/  // 


10 

58 
56 
54 
52 
30 

48 
46 
44 
42 
40 

88 
36 
34 

32 
30 

» 
26 
/4 
ti 
M 

18 
16 
14 
12 
10 

8 

6 

4 

2 

9 

58 

56 

54 

62 

50 

48 
46 
44 
42 
40 


'it 
to 

18 
16 
14 
12 
10 

8 
6 
4 
2 
ft 


30 

30 

29 

30 

28 

30 

27 

30 

86 

30 

35 

30 

24 

30 
23 

30 

22 
30 
21 

30 

20 

so 
19 

30 

18 

30 

17 

30 

16 

30 
15 

30 

14 

30 

IS 

80 

>2 
.«• 
II 

10 

3( 

9 

3(1 

8 

3( 

7 
;•! 

a 

31- 
5 

30 

4 

30 

8 

30 

2 

30 
I 

.Hfl 


Sine 


■518 


TABLE  68 


LOG.  SINES,  COSINES,  &c. 


O**  52"^ 


18 


QO 


/   // 

30 
1 

30 
2 

30 

3 

30 
4 

30 

6 

30 

6 

30 

7 

30 

8 

30 

9 

30 
iO 

30 
11 

30 
12 

30 

13 

30 
14 

30 
15 

80 

16 

30 

17 

30 

18 

30 
19 

30 

20 

30 
21 

30 
22 

80 

23 

30 
24 

30 
25 

30 
26 

30 

27 

30 

28 
80 

29 

30 
30 

/  // 


0 
2 
4 

0 

9 

10 

12 
14 
16 
18 
20 

22 
24 
26 
28 
30 

32 
34 

36 
38 
40 

42 
44 

46 

48 
50 

S2 
M 
56 
58 
S3 

2 

4 

6 

8 
10 

12 
14 
10 
18 
SO 

22 
24 
26 
28 
30 

32 
34 
36 
38 
40 

48 
44 

■M) 
18 
50 

52 

54 

50 

5- 

S4 

m 
t. 


Sine 


9*352o8S 
^•552362 
9-352635 
9*352908 
9-353181 
9"353454 
9-353726 

9'353999 
9-354271 

9*354543 
9"3548i5 


Parts 


9'355o87 
9*35535* 


9-35563013  117 


9*355901 
9-356172 

9*35^443 
9-356713 


9*357*54 
9*3575*4 


9*356984118  162 

19  171 

20  181 

21  190 
22199 
23208 
24  217 

26  226 

26235 

27  244 
28253 

28  262 
30  271 


9*357794 
9-358064 

9*358333 
9-358603 

9-358872 

9-359141 
9-359410 

9*359678 

9*359947 
9-360215 


9*360484 
9-360752 
9-361019 
9-361287 

9*361554 
9-361822 
9-362089 
9-362356 
9*362623 
9*362889 


9-363156 
9*363422 


9-36368S13  115 


9363954 


9-364220 16  133 

9-364485  16  142 
9-36475117  151 
9-365016  18  159 
9*}6528il9  168 
9*36554620  177 

9-36581021  186 
9*36607522  195 
9-36633923  203 
9*36660424  212 
9*36686825  221 

9*36713126  230 
9*36739527239 
9*36765928  248 
9-36792229  257 
9-36818530  265 


Cosine 


1" 

2 

3 

4 
5 

6 
7 
8 
9 
10 

11 


9 
18 

27 

36 

45 

54 

63 
72 

81 

90 

99 


Coiee. 


12  108 


14  126 
15135 

16  144 

17153 


1 
2 
3 

4 
6 

6 
7 
8 
9 
10 

11 


9 
18 

26 

35 
44 

53 
62 

70 

79 
88 

97 


12  106 


14  124 


Parts 


10*647912 
10*647638 
10-647365 
10*647092 
10*646819 
10*646546 

10*646274 
10*646001 
10*645729 
10-645457 
10-645185 


Tangent 


10-644913 
10*644642 
10-644370 
10*644099 
10*643828 

10*643557 
10*643287 
10*643016 
10-642746 
10*642476 


10*642206 
10*641936 
10*641667 
10*641397 
10*641128 

10*640859 
10*640590 
10*640^22 
10-640053 
10-639785 


10*639516 
10*639248 
10*638981 
10*638713 
10*638446 

10*638178 
10*637911 
10*637644 
10*637377 
10-637111 


10*636844 
10-636578 
10*636312 
10-636046 
10*635780 

10*635515 
10-635249 
10*634984 
10*634719 
10*634454 


10*634190 
10633925 
10-633661 
10*633396 
10-633132 

10-632869 
10*632605 
10*632341 
10*632078 
10*631815 


Secant 


9*363364 
9*363652 

9*363940 
9*364228 

9*364515 

9-364803 

9-365090 

9*365377 
9-365664 

9-365951 

9-366237 


9*366524 
9-366810 
9*367096 
9-367382 
9-367668 

9*367953 
9-368239 

9-368524 

9-368809 

9-369094 


9-369378 
9-369663 

9*369947 
9*370232 

9-370516 

9*370799 
9-371083 

9-371367 
9-371650 
9.371933 


9-372216 

9*37*499 
9-372782 

9-373064 
9*373347 

9*3736*9 

9*3739" 
9-374193 

9*374475 
9*374756 


9-375038 
9-375319 
9-375600 

9-375881 
9*376162 

9*37644* 
9.376723 

9*377003 

9*377*83 

9*377563 


9-377843 
9*378122 
9-378402 
9-378681 
9*378960 

9*379a39 
9*379518 

9*379797 
9*380075 

9.380354 


Cotang. 


Parts 


1 
2 
3 

4 
5 

6 


// 


7 
8 
9 
0 


10 

»9 
29 

38 
48 

57 
67 
76 
86 

95 

>o5 
114 

124 

«33 
H3 

6  152 

7  162 

8  171 

9  181 

20  190 

21  200 
22209 

23  219 

24  228 
25238 

26248 
27257 
28267 

29  276 

30  286 


1 
2 
3 

4 
5 

6 
7 
8 
9 
10 


10 

>9 
28 


37 
47 

56 

65 

75 
84 

93 
11  103 

12  112 

13  122 

14  131 

15  140 

16  150 

17  158 

18  168 

19  178 

20  187 

21  196 
22206 

23  215 

24  224 

25  234 

26243 

27  252 

28  262 

29  271 
SO  280 


Parts 
76° 


Cotang. 


0-636636 
0*636348 
0*636060 
0-635772 
0-635485 
0*635197 

0*634910 
0-634623 

0*634336 
0-634049 
0-633763 


0-633476 
0-633190 
0-632904 
0-632618 
0-632332 

0-632047 
0-631761 
0-631476 
0-631191 
0-630906 


Secant 


0-630622 
0*630337 
0*630053 
0*629768 
0*629484 

0*629201 
0*628917 
0*628633 
0*628350 
0*628067 


0*627784 
0*627501 
0*627218 
0*626936 
0-626653 

0-626371 
0-626089 
0*625807 
0-625525 
0-625244 


0-624962 
0*624681 
0*624400 
0-6241 19 
0*623838 

0*623558 
0*623277 
0*622997 
0*622717 
0*622437 


0-622157 
0-621878 
0-621598 
0*621319 
0*621040 

0*620761 
0*620482 
0*620203 
0-619925 
0*619646 


Tangent 


O'O 

0-0 
0-0 

O'O 

o*o 
0-0 

O'O 
O'O 
O'O 

0*0 

O'O 


0-0 
0-0 
o-o 
0-0 
0*0 

0*0 

O'O 
O'O 
O'O 
O'O 


O'O 

0*0 
0-0 
0-0 
0*0 

0-0 

O'O 
O'O 

0-0 
0*0 


0-0 

O'O 

0-0 
o*o 
0*0 

0*0 
0*0 

O'O 
O'O 
O'O 


O'O 

0*0 
0-0 
0-0 
0*0 

0*0 
0*0 

O'O 
O'O 
llO'O 


O'O 
O'O 
O'O 

0-0 
o-o 

O'O 

o*o 

O'O 

0*0 
0*0 


1276 
1291 

'305 

1320 
'334 

1349 
1364 

1378 
1393 

1408 
1422 


1437 
1452 
1466 

148 1 
1496 

1511 
1525 
1540 

«555 
1570 


1584 

»599 
16 14 

1629 

1644 

1658 
1673 
1688 
1703 
1718 


1733 
1748 
1763 

1777 
1792 

1807 
1822 
1837 
1852 
1867 


1882 
1897 
1912 
1927 
1942 

X957 
1972 

1987 

2002 

2017 


2032 
2047 
2063 
2078 
2093 

2108 
2123 
2138 
2153 
2168 


Cosec. 


Parts 


ro 

2  1 

3  1 

4  2 

5  2 


3 
3 
4 

4 
5 

5 

6 
6 

7 
7 

6  8 

7  8 

8  9 

»  9 

20  10 

21  IO 
22X1 
23ii 

24  12 

25  12 

2613 
2713 
2814 
2914 
30  15 


9-988724 
9-988709 
9-988695 
9-988680 
9*988666 
9-988651 

9*988636 
9*988622 
9*988607 
9*988592 
9-988578 


1  o 

2  I 

3  I 

4  2 
6  2 


3 
3 
4 

4 
5 


6 
7 
8 
9 
0 

1 
2 

3  6 

4  7 

5  7 

6  8 


7  8 

8  9 

9  9 
20  10 


21  xo 
22ii 
23II 

24  12 

25  12 

26  13 
2713 
2814 
2914 
30  15 


Parts 


Cosine 


9-988563 
9-988548 
9-988534 
9-988519 
9-988504 

9-988489 
9*988475 
9*988460 
9*988445 
9*988430 


9*988416 
9*988401 
9*988386 
9*988371 
9*988356 

9*98834* 

9*9883*7 
9-988312 

9-988297 

9-988282 


9*988267 
9*988252 
9-988237 
9-988223 
9-988208 

9*988193 
9-988178 
9*988163 
9-988148 
9*988133 


9*988118 
9-988103 
9-988088 
9-988073 
9-988058 

9-988043 
9-988028 
9*988013 
9-987998 
9-987983 


9-987968 
9-987953 
9.987937 
9-987922 
9.987907 

9-987892 

9*987877 
9*987862 
9-987847 
9*987832 


Sine 


58 
56 
54 
52 
50 

46 
46 
44 
42 
40 

38 
36 

34 
32 

30 

28 
26 
24 
22 
20 

18 
16 
14 
12 
10 

8 
6 

4 
1 

J 
56 
56 
54 
52 
50 

43 

46 
44 

42 
40 

38 

36 
U 
32 
30 

28 
28 
24 
22 

26 

18 
16 
14 
12 
16 

8 
6 
4 
2 
ft 


/    ff 


60 

30 

69 

30 

58 

30 

57 

30 

56 

30 
55 

36 

54 
so 
53 

30 

52 
90 

51 

36 
50 


30 

49 

30 

48 

30 

47 

30 

46 

30 

45 


30 

44 

30 
43 

30 

42 

30 

41 

30 

40 


30 

39 
so 
38 

30 

37 

30 

36 

30 

35 


30 

34 

30 

33 

36 

32 
30 
31 

30 

30 


/  // 


5^  6 


m 


J 


TABLE  68 


719 


LOG.  SINES,  COSINES,  &c. 


Qb  54m 


13^ 


30 

31 

90 
32 

M 

33 

30 

34 

30 
35 

30 

36 

30 
30 

38 

30 

39 

30 

40 

30 
41 
30 

42 

30 

43 

30 

44 

30 

45 


30 

46 

30 

47 
30 

48 

30 

49 

30 

50 


30 
51 

80 
52 

30 

53 

30 

54 

30 

55_ 

30 

56 

30 

57 

30 

58 

30 

59 

30 

60 


/  // 


0 

3 
4 
0 

8 
10 

li 
14 
16 
18 
20 

» 
14 
M 
98 
30 

32 
34 

36 
38 
40 

4*2 
44 

46 
48 
SO 

52 

54 

56 

58 

S5 

% 

4 

6 

8 

10 

IS 
14 
10 
18 


28 
80 

sa 

34 
80 

38 
40 

42 
44 
46 

48 
SO 

52 
54 

56 

56 

86 


Sine 


9*368185 
9*368448 
9*368711 
9*368974 
9*369236 
9.369499 

9*369761 

9*370043 
9*370485 
9*370546 
9*370808 


1"  9 
a  17 
3  a6 

♦  35 
6  43 

6  52 

7  61 

8  70 

9  78 

10  87 

11  95 

12  104 

13  113 

14  122 

15  130 

16  139 

17  148 

18  156 

19  165 

20  174 

9*373^74^^  »8* 


9*371069 

9'37»33o 

9*37i59» 
9*371852 

9*372113 

9.372373 
9*372634 
9*372894 

9'373i54 
9'3734H 


9'373933 
9*374192 

9'37445a 
9*3747" 
9*374970 
9*375228 
9-375487 

9*375745 
9*376003 


9*376261 
9*376519 

9.376777 

9*377035 
9.377292 

9*377549 
9*377806 

9*378063 

9*378320 

9*378577 


9*378833 
9.379089 

9*37934^ 
9*379601 

9*379857 
9*380113 
9*380368 
9*380624 
9*380879 

9*381134 


9*381389 
9*381643 
9-381898 
9*382152 
9*382406 

9*382661 
9*382914127  230 
9*38316828  239 
9*38342*29  247 
9*38367530  256 


Parts 


// 


22  191 

23  200 

24  208 

25  217 

26  226 
27235 

28  243 

29  252 

30  261 


8 

17 
15 
34 
4» 

6  51 

7  59 

8  68 

9  76 

10  85 

11  94 

12  102 

13  III 

14  119 
16  128 

16  136 

17145 

18  153 

19  162 

20  170 

21  179 

22  187 

23  196 

24  204 

25  213 

26  222 


Cosec. 


0*631815 
0*631552 
0*631289 
0*631026 
0*630764 
0*630501 

0*630239 
0*629977 
0*629715 
0*629454 
0*629192 


0*628931 
0*628670 
0*628409 
0*628148 
0*627887 

0*627627 
0*627366 
0*627106 
0*626846 
0*626586 


0*626326 
0*626067 
0*625808 
0*625548 
0*625289 

0*625030 
0*624772 
0*624513 
0*624255 
0*623997 


0*623739 
0*623481 
0*623223 
0*622965 
0*622708 

0*622451 
0*622194 
0*621937 
0*621680 
0*621423 


0*621167 
0*620911 
0*620654 
0*620399 
0*620143 

0*619887 
0*619632 
0*619376 
0*619121 
0*618866 


m.j  Cosine  |  Parts 


0*618611 
0*618357 
0*618102 
0*617848 
0*617594 

0*617339 
0*617086 
0*616832 
0*616578 
0*616325 


Secant 


Tangent 


9*380354 
9*380632 
9*380910 
9*381188 
9*381466 

9*381743 
9*382020 
9*382298 

9*38*575 
9*382852 

9-383129 


9*383405 
9*383682 
9-383958 
9*384234 
9*384510 

9-384786 
9*385062 

9*385337 
9*385612 

9*385888 


9*386163 
9*386438 
9*386712 
9*386987 
9*38726] 

9*387536 
9*387810 
9*388084 
9*388358 
9*388631 


9*388905 
9*389178 

9*389451 
9*389724 

9*389997 
9*390270 

9*390543 
9*390815 

9*391087 
9*391360 


9*391632 
9.39x903 
9*392175 
9*392447 
9*392718 

9*392989 
9.393260 

9*393531 
9.393802 

9.394073 


9*394343 
9*394614 

9*394884 
9*395154 
9*3954H 
9*395694 

9*395963 
9*396233 

9.396502 
9*3967ri 


Cotang. 


Parts 


// 


9 
18 

28 

37 
46 

55 
64 

74 

83 
92 

lOI 

110 
120 
129 
138 

6147 

7  156 

8  166 

9  175 

20  184 

21  193 

22  202 

23  212 

24  221 

25  230 

26  239 
27248 
28258 

29  267 

30  276 


1 
2 
3 

4 
5 

6 
7 
8 
9 
10 


9 
18 


27 
36 

45 

54 
63 

72 

81 

90 

11  99 
19  108 

13  118 

14  127 

15  136 

16  145 

»7i54 

18  163 

19  172 

20  181 

21  190 

22  199 

23  208 

24  217 

26  226 

26235 

27  244 
28253 
29262 

30  271 


Cotang. 


10*619646 
10*619368 
10*619090 
io'6i88i2 
10*618534 
10*618257 

10-617980 
10*617702 
10*617425 
10*617148 
10-616871 


10*616595 
10*616318 
10*616042 
10*615766 
10*615490 

10*615214 
10*614938 
10*614663 
10*614388 
10*614112 


10*613837 
10*613562 
10*613288 
10-613013 
10*612739 

10*612464 
10*612190 
10-611916 
10*611642 
10*611369 


Parts 

76° 


10*611095 
10*610822 
10610549 
10-610276 
10*610003 

10-609730 
10*609457 
10*609185 
10*608913 
10*608640 


10*608368 

10*608097 
10*607825 
10*607553 
10*607282 

10*60701 1 
10*606740 
10*606469 
10*606198 
10*605927 


10-605657 
10*605386 
10*605116 
10*604846 
10*604576 

10*604306 
10*604037 
10*603767 
10*603498 
10*603229 


Tangent 


Secant 

0*012168 
0*012184 
0*012199 
0*012214 
0*012229 
0*012244 

0*012260 
0*012275 
0*012290 
0*012305 
0*012321 


0*012336 
0*012351 
0*012366 
0*012382 
0*012397 

0*012412 
0*012428 
0*012443 
0*012458 
0*012474 


0*012489 
0*012504 
0*012520 
o*oi'2535 
0*012551 

0*012566 
0*012581 
0*012597 
0*012612 
0*012628 


0*012643 
0*012659 
0*012674 
0*012690 
0*012705 

0-0x2721 
0*012736 
0*012752 
0*012767 
0*012783 


0*012798 
0-012814 
0*012830 
0*012845 
0*012861 

0*012876 
0*012892 
0-012908 
0*012923 
0*012939 


0*012955 
0*012970 
0*012986 
0*013002 
0*013017 

0*013033 
0*013049 
0*013064 
0*013080 
0*013096 


Parts 


// 


1 
2 
3 

4 
5 

6 
7 
8 
9 
0 

1 
2 
3 

4 


I 
1 

2 
2 

3 

3 
4 
4 
5 
5 
6 
6 

7 
7 

5  8 

6  8 

7  9 

8  9 

9  10 

20  xo 

21  XI 
22IX 
23  12 
24X2 
25X3 

2613 

27X4 
2814 

29x5 
30x5 


1 
2 

3 
4 
5 

6 
7 
8 
9 
0 


x 

X 

2 
2 

3 

3 
4 
4 
5 
5 
6 
6 

7 
7 
8 

6  8 

7  9 

8  9 

9xo 

20  xo 

21  XX 
22X1 
23X2 
24X2 
2613 

26  14 

2714 
2815 

2915 
3016 


i 


Cosec. 


Parts 


Cosine 


9-987832 
9*987816 
9-987801 
9-987786 
9*987771 
9*987756 

9*987740 
9-987725 
9-987710 
9*987695 

9*987679 


9-987664 
9-987649 

9-987634 
9*987618 
9-987603 

9*987588 
9*987572 

9*987557 
9*987542 

9*987526 


9-987.511 

9*987496 
9*987480 
9*987465 
9*987449 

9*987434 
9*987419 
9*987403 
9-987388 
9*987372 


9*987357 

9987341 
9*987326 

9*987310 

9*987295 

9*987279 
9*987264 
9*987248 
9*987233 
9*987217 


9*987202 
9*987186 
9*987170 
9*987155 

9*987139 
9*987124 
9*987108 
9-987092 
9*987077 
9*987061 


9*987045 
9*987030 

9*987014 

9-986998 

9*986983 

9-986967 
9*986951 
9.986936 
9*986920 
9*986904 


Sine 


6 

58 
56 
54 
52 
50 

48 
46 
44 
42 

40 

38 
30 
34 
32 
30 

28 
20 
24 
22 
20 

18 
16 
14 
12 
10 

8 
0 
4 
2 

s 

58 
96 
54 
52 
50 

48 
46 
44 
42 
40 

38 
36 
34 
32 
30 

28 
26 
24 
SS 
20 

18 
16 
14 
12 
10 

8 
6 

4 
2 
0 


/  // 

30~ 

30 

29 

30 

28 

30 

27 
30 

86 

30 

25 

30 

24 

30 

23 

30 

22 

30 

21 
3a 
20 

30 

19 

30 

18 

30 

17 
30 

16 

30 

15 

3G 

14 

30 

13 
30 

12 

30 
11 
30 

10 

80 

9 

80 
8 

30 

7 

30 

5 

so 

5 

JO 

4 

30 

8 

30 

2 

30 
1 

0 


/  // 


5»»  4 


tn 


7*20 


TABLE  68 


LOG.  SINES,  COSINES,  &c. 


o'-se 


in 


14* 


"o" 

30 

1 

80 

2 

80 

8 

30 

4 

80 

5 


80 

6 

30 

7 

80 

8 

80 

9 
80 
10 


30 
II 

30 
12 

80 

13 

30 

14 
so 
15 


30 

16 

30 

17 

30 

18 

30 

19 

30 

20 


30 

21 

30 

22 

30 

23 

30 
24 

30 
25 


30 

20 

30 

27 

30 

28 

30 

29 

30 

30 


1. 


/  rt 


0 

2 
4 

e 

8 
10 

12 
14 
10 
18 
20 

22 
24 
20 
28 
30 

32 
31 
30 
38 
40 

42 
44 

40 
48 
50 

52 
54 

50 
58 

57 

2 

4 

8 

8 

10 

12 
14 
10 
18 
20 

22 
24 
20 
28 
80 

32 
34 
30 
88 

40 

42 
44 

40 
48 
50 

52 

54 
00 
53 


Sine 


Parts 


9-383675 
9*383918 
9-384182 

9*384435 
9-384687 
9'384940 

9-385194 

9'385445 
9-385697 

9-385949 

9*386201 


9-386452 
9-386704 

9'3869SS 
9-387207 

9-387458 
9-387709 
9-387959 
9*388210 
9*388461 
9*388711 


9-38S961 
9-389211 
9-389461 
9-389711 
9*389960 

9*390210 

9*390459 
9*390708 

9*390957 
9*391206 


9*39H54 
9-391703 

9*39»95i 
9*392199 

9'39*447 
9-392695 

9*39*943 
9-393191 

9*393438 
9-393685 


9*39393* 
9-394179 

9-394426 

9*394673 

9*3949»9 
9-395166 
9*395412 
9-395658 
9-395904 
9-396150 


9-396395 
9*396641 
9-396886 
9-397132 

9*397377 
9-397621 
9-397866 
9*39811] 

9*398355^      _ 
9-39860030  246 


1 
2 
3 

4 
5 

6 
7 
8 
9 
10 

11 


tt 


8 

17 
*5 
33 
4* 

50 
59 
67 
75 
84 

9* 


12  100 

13  109 

14  118 

15  126 

16  134 

17  141 

18  150 

19  159 
90  167 

21  176 

22  184 

23  192 

24  201 

25  209 

26218 
27  227 
28236 

29  244 

30  251 


8 
16 

*5 
33 
41 

49 

57 
66 

74 
82 

90 
98 


1 
2 
3 

4 
5 

6 

7 

8 

9 

10 

II 
12 

13  106 

14  114 

15  123 

16  132 

17  140 

18  148 

19  156 

20  164 

21  172 

22  180 

23  189 

24  197 

25  205 

26  213 

27  221 

28  229 

29  237 


Cofiiie 


Parts 


Cooec. 


T 


0-616325 
0-616072 
0*615818 
0*615565 
0-615313 
0*615060 

0-614808 
0-614555 
0*614303 
0*614051 
0-613799 


0-613548 
0*613296 
0-613045 
0-612793 
0*6x2542 

0*6x2291 
0*6x2041 
0*6x1790 
0-6x1539 
0*6x1289 


o*6xxo39 
0*610789 
0*6x0539 
0*6x0289 
0*610040 

0*609790 
0*609541 
0*609292 
0*609043 
0*608794 


0*608546 
0*608297 
0*608049 
0*607801 
0*607553 

0*607305 
0-607057 
0-606809 
0*606562 
0-6063x5 


0*606068 
0*605821 
0*605574 
0*605327 
0*605081 

0*604834 
0*604588 
0*604342 
0*604096 
0*603850 


0*603605 
0*603359 
0-6031x4 
0-602868 
0*602623 

0*602379 
0*602x34 
0*60x889 
0-60x645 
0-601400 


Secant 


Tangent 


9-39677X 
9*397040 
9-397309 
9-397578 
9-397846 
9-3981x5 

9*398383 
9*398651 
9-3989x9 

9399x87 
9*399455 


9*399722 
9.399990 
9-400257 
9*400524 
9-40079  X 

9*401058 

9-40x325 
9*40x591 
9-40x857 
9*402124 


9*402390 
9-402656 
9-402922 
9*403x87 

9403453 
9-4037x8 
9-403983 
9*404249 
9-4045x4 
9*404778 


9*405043 
9*405308 
9-405572 
9-405836 
9*406100 

9*406364 
9*406628 
9*406892 
9*407x55 
9*4074x9 


9-407682 
9*407945 
9*408208 
9*40847  X 

9-408734 

9-408996 

9-409259 

9*40952 X 

9*409783 
9-410045 


9-410307 
9-410569 
9-41083 1 

9*41 1092 

9'4"353 
9-4116x5 
9-4x1876 
9-4x2x37 
9-4x2397 
9-412658 


I  Cotang. 


Parts 


1" 

2 

3 

4 
5 

6 

7 
8 
9 
0 

1 

2 
3 

4 
5 


9 
x8 

27 

36 

44 

53 
62 


71 
80 

89 

98 
X07 
1x6 
125 

133 

6  142 

7  15X 

8  160 

9  X69 

20  X78 

21  187 

22  X96 

23  205 

24  2X4 
26  222 

26  23X 

27  240 
28249 
29258 
30  267 


1 
2 

3 
4 
5 

6 
7 
8 
9 
0 


9 
>7 
26 

35 
44 

5* 
6x 

70 

79 

87 

96 

X05 

15  1x4 
14  122 
5  X31 

16  140 

7  149 
8x57 

9  166 

20  175 

21  X84 

22  X92 

23  20X 

24  2x0 

25  219 

26  227 

27  236 

28  245 
29254 
30  262 


Parts 
75° 


Cotang. 


0*603229 
0-602960 
0*602691 
0*602422 
0*602x54 
0*60x885 

0*60x617 
0*60x349 
0-60x081 
0-6008x3 
0-600545 


0*600278 
o' 6000x0 

99743 
99476 

99209 
98942 

98675 
98409 
98x43 
97876 


o* 
o* 
o- 

o* 
o- 
o* 
o* 
o* 


o- 
o- 

O' 

o- 
o- 

o- 
o* 
o* 
o* 
o- 


o- 
o- 
o- 
o- 
o- 

o- 
o* 
o- 
o- 
o* 


o- 
o- 
o* 
o* 
o- 

o* 
o* 
o* 
o- 
o* 


o* 
o- 
o- 
o* 
o* 

o- 
o* 
o* 
o* 
o* 


976x0 

97344 
97078 

96813 
96547 
96282 
960x7 

9575> 
95486 

95222 


94957 
94692 

94428 

94x64 

93900 

93636 
9337a 

93108 
92845 
92581 


92318 
92055 
91792 
91529 
9x266 

9x004 
90741 
90479 
90217 

89955 


89693 
89431 
89169 
88908 
88647 

88385 
88124 
87863 
87603 
87342 


Tangent 


Secant 


0*0x3096 
0*0x3x12 
0*0x3127 
0*013143 
0*0x3159 
0-013175 

0*013x91 
0-013206 
0-0x3222 
0-0132^8 
0*0x3254 


0*0x3270 
0-0x328 
0*01330 
0-0133  X 
0*0x333 

0*0x334 
0-01336 
0*0x338 
0*0x339 
0-0134X 


0*0x3429 

0-0x344 

0-0x346 

0-01347 

0-0x349 

0*013509 

0*01352 
0*0x354 
0-01355 
0*01357 


0-013589 

0-01360 

0*0x362 

0*0x363 

0*01365 

0*0x3669 
0-01368 
0-0x370 
0-0x3718 

0*013734 


0*0x3750 
0*0x3766 
0*013782 
0*013798 
0*0x38x4 

o*ox383X 
0*0x3847 
0*013863 
0*013879 
0*013896 


o-o»39i2 
0-013928 
0*013944 
0*013961 
0*0x3977 

0-0x3993 
0-014009 
0*014026 
0*014042 
0-014058 


Cosec. 


Parts 


1" 

2 

3 

4 
5 

6 
7 

8 
9 
0 

1 
2 
3 

4 
5 


6  8 

7  9 

o 


8 

9 

20 


21 
22 
23 
24 
25 

26 
27 
28 
29 
30 


1 

2 

3 
4 
5 

6 

7 
8 
9 
0 

I 
2 
3 
4 
5 


X 

I 

2 
2 

3 

3 

4 
4 
5 
5 
6 
6 

7 
8 

8 

6  9 

7  9 
8x0 

9  10 

2O11 

21  XX 

22x2 
23X2 
24x3 
25x3 

2614 
2715 
28x5 
29x6 
30x6 


Parts 


Cosine 


9*986904 
9*986888 

9*986873 
9*986857 
9*98684X 
9*986825 

9-986809 
9*986794 
9-986778 
9*986762 
9-986746 


9-986730 
9-986714 
9*986699 
9-986683 
9*986667 

9-98665  X 
9-986635 
9*9866x9 
9*986603 
9*986587 


9*986571 
9*986555 
9*986539 
9*986523 
9-986507 

9*98649x 
9*986475 
9*986459 
9*986443 
9*986427 


9*9864x1 
9986395 

9*986379 
9*986363 

9*986347 
9*9863  3  X 
9*9863x5 
9*986299 
9*986282 
9*986266 


9*986250 
9*986234 
9*986218 
9*986202 
9*986x86 

9*986169 
9-986153 
9-986137 
9-986121 
9*986104 


9-986088 
9*986072 
9*986056 
9*986039 
9*986023 

9-986007 
9-985991 

9*985974 
9-985958 

9.985942 


Sine 


4 
SB 
50 
54 
92 
50 

48 
40 
44 

42 


32 


24 
22 
20 

18 
18 
14 
U 
10 

8 
0 
4 
2 
S 

88 
SO 
54 


48 
40 
44 

42 
40 


34 


18 
18 
14 
U 
10 

• 
8 
4 
1 
0 


/  // 


34 

59 

30 

58 

80 

67 
34 

56 

84 

65 


54 
30 

53 

30 

52 

30 
51 
30 

60 


49 

30 

48 

80 

47 
SO 

46 

30 

45 


44 

80 
43 

30 

42 

30 

41 

84 

40 


99 

ao 
38 

80 

37 

30 

36 

30 

35 


34 

3« 

33 


30 

31 

80 

30 


/  // 


5H:J« 


TABLE  68 


721 


LOO.  SINES,  COSINES,  &c. 

0»»  68™                                                   14° 

30 

a. 

Sine 

Parts 

Cooec. 

Tangent 

Parts 

Cotang. 

Secant 

Ports 

Cosine 

m. 

/// 

0 

9*398600 

10-601400 

9*412658 

10-587342 

10*014058 

9.985942 

a 

30 

30 

s 

9-398844 

1"    8 

10-601156 

9-412919 

1"    9 

10-587081 

10*014075 

I'^i 

9-985925 

58 

30 

31 

4 

9-399088 

2    16 

10*600912 

9*413179 

2    17 

10-586821 

10*014091 

2    I 

9-985909 

56 

29 

80 

6 

9-399332 

3    24 

10-600668 

9'4i3439 

3    26 

10-586561 

10*014107 

3  a 

9-985893 

54 

so 

32 

8 

9'399575 

4    32 

10*600425 

9-413699 

*    34 

10*586301 

10*014124 

4   1 

9*985876 

52 

28 

90 

10 

9-399819 

5    40 

10-600181 

9*413959 

6    43 

10-586041 

10*014140 

5    3 

9*985860 

M 

80 

33 

11 

9*400062 

6    48 

10*599938 

9*414219 

6    52 

10-585781 

10-014157 

6    3 

9-985843 

48 

27 

30 

14 

9-400306 

7    56 

10*599694 

9*414479 

7    60 

10-585521 

10-014173 

7  4 

9-985827 

46 

80 

34 

16 

9400549 

8    65 

»o'59945" 

9*414738 

8    69 

10*585262 

10*014189 

8  4 

9-985811 

44 

26 

30 

18 

9-400792 

9    73 

10*599208 

9-414998 

9    78 

10*585002 

10*014206 

9   5 

9*985794 

42 

80 

35 

90 

9-401035 

10  81 

11  89 

10-598965 

9*415257 

10  86 

11  95 

10*584743 

10*014222 

10  5 

11  6 

9*985778 

40 
38 

26 

80 

30 

9-401277 

10-598723 

9-415516 

10*584484 

10*014239 

9*985761 

36 

24 

9*401520 

12    96 

10-598480 

9'4»5775 

12  103 

10-584225 

10*014255 

12    7 

9985745 

36 

24 

30 

SO 

9*401762 

13  104 

10*598238 

9-416034 

13  112 

10-583966 

10-014272 

13   7 

9-985728 

34 

80 

37 

» 

9*402005 

14  112 

10*597995 

9*416293 

14  121 

10-583707 

10*014288 

14  8 

9-985712 

82 

23 

30 

30 

9-402247 

16  120 

»o*597753 

9*416551 

15  129 

10-583449 

10*014305 

15   8 

9-985695 

ao 

80 

38 

32 

9*402489 

16  129 

10-597511 

9-416810 

16  138 

10-583190 

10*014321 

16  9 

9*985679 

28 

28 

30 

M 

9*402731 

17137 

10*597269 

9-417068 

17147 

10*582932 

10*014338 

17   9 

9-985662 

26 

80 

31 

38 

9-402972 

18  145 

10-597028 

9-417326 

18  155 

10*582674 

10-014354 

18  10 

9-985646 

24 

21 

so 

38 

9-403214 

19  153 

10-596786 

9-417585 

19  164 

10*582415 

10*014371 

1910 

9*985629 

22 

80 

40 

30 

40 
42 

9*403455 

20  ]6l 

21  169 

10-596545 

9-417842 

20  172 

21  181 

10*582158 

10*014387 

2O11 
21  12 

9-985613 

20 

20 

80 

9-403697 

10-596303 

9-418100 

10*581900 

10-014404 

9-985596 

41 

41 

9-403938 

22  178 

10-596062 

9-418358 

22  190 

10*581642 

f  0-014420 

22  12 

9*985580 

10 

30 

40 

9-404179 

23  186 

10-595821 

9-418616 

23  198 

10*581384 

10*014437 

23  13 

9-985563 

80 

42 

48 

9*404420 

24194 

10-595580 

9*418873 

24207 

10-581127 

10-014453 

2413 

9*985547 

18 

80 

SO 

9*404660 

25  202 

10-595340 

9-419130 

25  215 

10-580870 

10*014470 

25  14 

9*985530 

80 

43 

53 

9-404901 

26  210 

10-595099 

9-419387 

26  224 

10*580613 

10*014486 

2614 

9*985514 

17 

30 

64 

9*405141 

27218 

10-594859 

9-419644 

27233 

10-580356 

10*014503 

2715 

9*985497 

80 

44 

96 

9405382 

28226 

10*594618 

9-419901 

28241 

10-580099 

10*014520 

2815 

9-985480 

16 

30 

58 

9-405622 

29234 

10*594378 

9*420158 

29250 

10-579842 

10*014536 

2916 

9-985464 

80 

45 

30 

89 

2 

9*405862 

30  242 

10-594138 

9-420415 

80  259 

10-579585 

10-014553 

SO  16 

9*985447 

58 

15 

9*406102 

1       8 

10*593898 

9-420671 

1       8 

10-579329 

10-014570 

1    I 

9-985430 

80 

46 

4 

9*406341 

2     16 

10-593659 

9-420927 

2    17 

10*579073 
10-578816 

10-014586 

2    1 

9*985414 

56 

u 

30 

6 

9-406581 

3    24 

'0'5934»9 

9-421 184 

3    25 

10*014603 

8    2 

9*985397 

54 

80 

47 

8 

9-406820 

4    32 

10*593180 

9*421440 

*    34 

10*578560 

10*014619 

4    2 

9*985381 

52 

18 

80 

10 

9-407060 

6    40 

10-592940 

9*421696 

5    42 

10-578304 

10-014636 

fi    3 

9*985364 

50 

80 

48 

12 

9*407299 

6    48 

10-592701 

9*421952 

6    51 

10*578048 

10-014653 

«   3 

9*985347 

48 

12 

30 

14 

9'407538 

7    55 

10*592462 

9*422207 

7    59 

10*577793 

10-014670 

7   4 

9*985330 

46 

80 

49 

10 

9*407777 

8    63 

10-592223 

9*422463 

8    68 

io'577537 

10*014686 

8  4 

9*985314 

44 

n 

30 

18 

9*408015 

9    71 

10-591985 

9-422718 

9    76 

10*577282 

10*014703 

9    5 

9-985297 

42 

80 

50 

20 
23 

9-408254 

10  79 

11  87 

10*591746 

9*422974 

10  85 

11  93 

10-577026 

10*014720 

10  6 

11  6 

9*985280 

40 

88 

10 
80 

80 

9-408492 

10*591508 

9-423229 

10*576771 

10*014736 

9*98526^ 

51 

24 

9-408731 

12    95 

10*591269 

9*423484 

12  102 

10*576516 

10*014753 

12   7 

9*985247 

36 

0 

30 

26 

9*408969 

13  103 

10-591031 

9*443739 

13  no 

10*576261 

10-014770 

13    7 

9-985230 

84 

80 

52 

28 

9*409207 

14  III 

10-590793 

9-4*3993 

14  119 

10-576007 

10-014787 

14   8 

9-985213 

32 

8 

30 

30 

9.409445 

16  118 

10-590555 

9-424248 

15  127 

10-575752 

10*014803 

15    8 

9*985197 

30 

80 

53 

32 

9*409682 

16  126 

10-590318 

9-424503 

16  136 

»o' 575497 

10*014820 

16   9 

9*985180 

28 

7 

30 

M 

9*409920 

17134 

10-590080 

9*424757 

17  144 

10-575243 

10-014837 

1710 

9*985163 

26 

80 

54 

80 

9*410157 

18  142 

10-589843 

9-425011 

18  153 

10*574989 

10*014854 

18  10 

9-985146 

24 

6 

30 

38 

9'4"0395 

19  150 

10-589605 

9*425265 

19  161 

10*574735 

10*01487] 

19  11 

9-985129 

22 

80 

55 

30 

40 
42 

9*410632 

20  158 

21  166 

10-589368 

9*425^19 

20  170 

21  178 

10-574481 

10-014887 

2O11 

2112 

9985113 

20 
18 

5 

80 

9*410869 

10*589131 

9*425773 

10-574227 

10*014904 

9*985096 

56 

41 

9*411106 

22  174 

10*588894 

9-426027 

28  187 

10-573973 

10*014921 

22  12 

9-985079 

16 

4 

30 

46 

9-411343 

23  182 

10-588657 

9*426281 

23  195.*'0-573719| 

10-014938 

2313 

9*985062 

14 

80 

57 

48 

9*411579 

24  190 

10*588421 

9-426534 

24  204  10*5734661 

10*014955 

2413 

9-985045 

12 

3 

30 

50 

9*411816 

26  198 

10-588184 

9*426787 

26  21s 

10-573212 

10*014972 

25  14 

9-985028 

10 

80 

58 

53 

9-412052 

26206 

10*587948 

9-427041 

26  220 

10-572959 

10*014989 

2615 

9*985011 

8 

2 

30 

54 

9*412288 

27  214 

10-587712 

9-427294 

27  229 

10-572706 

10*015005 

2715 

9*984995 

6 

so 

59 

56 

9-412524 

28  222 

10*587476 

9-427547 

28  237 

10*572453 

10-015022 

28  16 

9*984978 

4 

1 

30 

58 

9*412760 

29  230 

10-587240 

9-427800 

29246 

10-572200 

10*015039 

29  16 

9-984961 

2 

so 

r  II 

60 

9-412996 

30  238 

10-587004 

9-428052  |30  254 

10-571948 

10*015056 

30  17 

9*984944 

0 

0 

in. 

Cosine 

Parts 

Secant   |  Cotang.      Parts    Tangent  |    Cosec. 

Parte 

Sine 

m. 

a. 

/// 

Ih""                                                     6»»  0"       1 

3  a 


7«2 


TABLE  68 


LOO.  SINES,  COSINES,  &c. 

1^  0"                                                        16° 

/  // 

•• 

Sme    , 

F^UtB 

Cono. 

Taaq^ent 

Ftfto 

Cotang. 

Secmt 

Parts 

Cosine 

s. 

/  // 

0 

9*412996 

10-587004 

9*428052 

10*571948 

10*015056 

9*984944 

60 

60 

» 

t 

9-413232 

1"    8 

10*586768 

9*4*8305 

1"    8 

10*571695 

10-015073 

fi 

9-984927 

S8 

80 

I 

4 

9-413467 

2    t6 

10*586533 

9*428558 

2    17 

10*571442 

10*015090 

9   I 

9*984910 

96 

59 

» 

• 

9-413703 

S    23 

10-586297 

9*428810 

3    25 

10*571190 

10*015107 

8    2 

9-984893 

54 

to 

B 

S 

9-413938 

4    31 

10*586062 

9-429062 

*    33 

10-570938 

10*015124 

4    2 

9-984876 

89 

58 

to 

10 

9>«4»73 

5    39 

10-585827 

9'4a93i4 

5    42 

10*570686 

10*015141 

6    3 

9984859 

80 

to 

t 

a 

9-414^08 

6    47 

10*585592 

9-429566 

6    50 

10*570434 

10-015158 

•   3 

9-984842 

48 

57 

M 

14 

9-414643 

7    55 

10*585357 

9-429818 

7    59 

10*570182 

10-015175 

7  4 

9*984825 

46 

to 

4 

16 

9*414878 

8    62 

10-585122 

9-430070 

8    67 

10-569930 

10*015192 

8  5 

9-984808 

44 

56 

10 

» 

9*415112 

9    70 

10*584888 

9430321 

9    75 

10*569679 

10*015209 

8   5 

9*984791 

49 

to 

ft 

to 

90 

n 

9'4i5347 

10  78 

11  86 

10*584653 

9-430573 

10  84 

11  92 

10-569427 

10*015226 

10  6 

11  6 

9*984774 

40 

88 

65 

9*415581 

10-584419 

9-430824 

10-569176 

10*015243 

9*984757 

to 

6 

M 

9*415815 

19    94 

10-584185 

9-431075 

12  100 

10-568925 

10*015260 

12  7 

9-984740 

86 

54 

to 

to 

9*416049 

IS  loi 

10*583951 

9-431326 

13  109 

10*568674 

10-015277 

13   7 

9-984723 

84 

to 

7 

» 

9*416283 

14  109 

10-583717 

9-43 1 J77 
9-431828 

14  117 

10*568423 

10*015294 

14  8 

9*984706 

89 

68 

to 

80 

9-416517 

15  117 

10*583483 

15  125 

10*568172 

10*015311 

15   9 

9*984689 

to 

to 

8 

8S 

9-416751 

16  125 

10-583249 

9*432079 

16  134 

10*567921 

10*015328 

16   9 

9984672 

98 

59 

to 

M 

9-416984 

17133 

10-583016 

9-432329 

17  142 

10*567671 

10-015345 

17  10 

9*984655 

96 

to 

9 

86 

9*417217 

18  140 

10*582783 

9*432580 

18  150 

10*567420 

10*015362 

18  10 

9*984638 

94 

51 

to 

88 

9*41745' 

19  148 

10-582549 

9-432830 

19159 

10*567170 

10*015380 

1911 

9*984620 

99 

to 

10 

40 
43 

9*417684 

20156 
91  164 

10*582316 

9*433080 

90  167 

91  176 

10*566920 

10-015397 

9011 
21  12 

9*984603 

90 
18 

50 

9*417917 

10-582083 

9433331 

10-566669 

10-015414 

9*984586 

to 

II 

44 

9*418150 

99  171 

10*581850 

9*433580 

99184 

10-566420 

10*015431 

2213 

9*984569 

16 

49 

to 

40 

9*418382 

93179 

10-581618 

9-433830 

93  192 

10*566170 

10-015448 

93  13 

9*98455* 

14 

to 

19 

48 

9-418615 

91  187 

10-581385 

9-434080 

94  201 

10*565920 

10-015465 

8*14 

9*984535 

19 

48 

to 

M 

9-418847 

25195 

10-581153 

9'434330 

25  209 

10*565670 

10-015482 

9514 

9*984518 

10 

to 

IS 

n 

9*419079 

16  203 

10-580921 

9*434579 

26  217 

10-565421 

10-015500 

9615 

9*984500 

6 

47 

to 

M 

9*419312 

97  210 

10-580688 

9*434828 

27  226 

10*565172 

10*015517 

2715 

9-984483 

6 

to 

14 

M 

9*419544 

98  218 

10*580456 

9*435078 

28  234 

10*564922 

10*015534 

28  16 

9-984466 

4 

46 

to 

W 

9-419776 

99  226 

10*580224 

9*4353*7 

29242 

10-564673 

10*015551 

2917 

9*984449 

9 

86 

15 

1 

9 

9*420007 

30234 

10-579993 

9*435576 

30251 

10*564424 

10*015568 

3017 

9.984432 

89 

45 

ao 

9*420239 

1      8 

10*579761 

9-435825 

1      8 

10*564175 

10*015586 

1    I 

9-984414 

86 

16 

4 

9420470 

«    »5 

10*579530 

9*436073 

2    16 

10*563927 

10-015603 

2    1 

9-984397 

86 

44 

to 

0 

9*420702 

8    93 

10*579298 

9*436322 

3    25 

10*563678 

10-015620 

3   2 

9*984380 

54 

to 

17 

8 

9-420933 

4    31 

10-579067 

9-436570 

♦    33 

10*563430 

10*015637 

4    2 

9-984363 

09 

43 

to 

10 

9*421164 

6    38 

10*578836 

9*436819 

5    41 

10*563181 

10*015655 

5    3 

9*984H5 

SO 

to 

18 

19 

9'4ai395 

6    46 

10*578605 

9*437067 

6    49 

10562933 

10-015672 

6    3 

9*9843*8 

48 

42 

80 

14 

9*421626 

7    54 

10*578374 

9*437315 

7    58 

10-562685 

10-015689 

7  4 

9*984311 

46 

to 

19 

1ft 

9*421857 

8    61 

10-578143 

9*437563 

8    66 

10-562437 

10-015706 

8   5 

9*984294 

44 

41 

to 

18 

9-422087 

9    69 

10*577913 

9*437811 

9    74 

10-562189 

10*015724 

8   5 

9*984276 

49 

to 

20 

80 

90 
99 

9*422318 

10  77 

11  85 

10*577682 

9-438059 

10  8z 

11  91 

10*561941 

10*015741 

10  6 

11  6 

9*984259 

40 
88 

40 

9-422548 

'o*57745a 

9438306 

10-561694 

10-015758 

9984242 

to 

21 

94 

9-422778 

19    92 

10-577222 

9438554 

19    99 

10-561446 

10-015776 

12   7 

9*984224 

86 

38 

80 

90 

9*423008 

13  100 

10*576992 

9-438801 

13  107 

10-561199 

10*015793 

13   8 

9*984207 

84 

86 

29 

98 

9*423238 

14  108 

10-576762 

9439048 

14  115 

10*560952 

10*015810 

14   8 

9*984190 

89 

38 

80 

80 

9*423468 

15  115 

10-576532 

9-439296 

15  123 

10-560704 

10*015828 

15   9 

9-984172 

to 

to 

23 

89 

9*423697 

16  123 

10*576303 

9*439543 

16  132 

10-560457 

10*015845 

16  9 

9984155 

96 

87 

30 

84 

9*423917 

17  131 

10-576073 

9439790 

17  140 

10-560210 

10*015863 

17  10 

9-984137 

96 

to 

24 

80 

9*424156 

18  138 

10*575844 

9*440036 

18  148 

10*559964 

10-015880 

18 10 

9*984120 

94 

88 

80 

88 

9*424386 

19146 

10-575614 

9*440283 

19  156 

10*559717 

10-015897 

19li 

9*984103 

99 

to 

25 

80 

40 
49 

9*424615 

20153 
21  161 

10*575385 

9-440529 

90  165 
21  173 

10-559471 

10-015915 

90  12 

9112 

9-984085 

90 

18 

35 

9'A^H 

10-575156 

9-440776 

10-559224 

10-015932 

9*984068 

to 

26 

4* 

9-425073 

22  169 

10*574927 

9-441022 

22  181 

10*558978 

10*015950 
10*015967 

92  13 

9*984050 

16 

84 

30 

40 

9-425301 

23  176 

10-574699 

9-441268 

23  189 

10*558732 

23  13 

9*984033 

14 

86 

27 

48 

9*425530 

24  184 

10*574470 

9*441514 

24  198 

10-558486 

10-015985 

2414 

9*984015 

19 

88 

30 

00 

9-425758 

25  192 

10*574242 

9*441760 

25206 

10-558240 

10*016002 

2514 

9*983998 

10 

to 

2B 

03 

9*425987 

26  199 

10*574013 

9*442006 

96  214 

10*557994 

10*016019 

26  i| 

27  16 

9*983981 

8 

39 

30 

M 

9*426215 

27  207 

10*573785 

9-442252 

27  222 

10-557748 

10*016037 

9*983963 

6 

86 

20 

96 

9-426443 

28215 

10*573557 

9-442497 

28230 

10*557503 

10*016054 

28  16 

9*983946 

4 

31 

30 

58 

9*426671 

29  222 

10*573329 

9442743 

20239 

10*557257 

10*016072 

2917 

9-983928 

9 

to 

30 

a 

9-426899 

30  230 

10-573101 
Sec-ant 

9-442988 

30  247 

10*557012 

10*016089 

SO  17 

9-983911 

0 

SO 

/  // 

m* 

CoKine 

Parts 

Cotang. 

Ftots 

Tangent 

Cor^c.     Parts 

ISne 

m. 

/  // 

1 

74°                                                       4^  58«»       1 

\ 


TABLE  68 


723 


LOG.  SINES,  COSINES,  &c. 


Ih  -2 


Om 


16* 


'  // 


30 

30 

31 

ao 
32 

39 

33 

30 

34 

30 

33 


30 

36 

30 

37 

M» 

38 

30 

39 

30 

40 

30 
41 
30 

42 
ao 

43 

30 

44 

30 
4A 


30 

46 

80 

47 

30 

48 

30 

49 

30 

50 


61 
30 

62 

30 

53 

30 
54 

30 
55 

30 
56 
30 

67 

30 

68 

30 

59 

30 

60 


Sine 


0 

s 

4 

0 

8 

10 

vk 

14 
10 
18 
20 

22 
2i 
20 
28 
30 

32 
34 
30 

38 
40 

42 
44 
40 

48 
30 

92 
94 
96 

98 

S 

2 
4 
6 
8 
10 

12 
14 
10 
18 
20 

22 
24 

20 
28 
30 

32 
34 
30 
38 

40 

42 

44 

40 
48 
90 

92 
94 

96 
98 


9*426899 
9-417127 

9*4»7354 
9-427582 

9-427809 

9-428036 

9-428263 
9-428490 
9-428717 
9-42894^ 
9-429170 


Fftrto 


9-429397 
9-429623 
9-429849 

9  430075 
9-430301 

9*4305»7 
9'4307S» 
9-430978 
9-43 1»03 

9-4314^9 


a 

3 

4 
5 

6 
7 
8 
9 
10 

11 
12 
13 


8 

15 
»3 

30 

38 

45 

53 
60 

68 
75 

«3 

90 

98 


Cooec. 


14  105 

15  113 

16  120 

17  128 
18,35 
19,43 
20  15, 

9-43,65421  158 


,0*573,0, 
,0-572873 
,0-572646 
,0-5724,8 
10*572,9, 
,0*57,964 

,0*57,737 
10*57,5,0 
10*57,283 
,0*57,056 
,0-570830 


Tkngent 


9-431879 


9'43ai0423  ,73 


9-432329 
9*43*553 
9-432778 


9-43300227  203 


9-433226 
9*433451 


9*43367  530*26 


9*433898 
9*434,22 

9*434346 
9*434569 

9*434793 
9-4350,6 

9*435239 
9*435462 

9*435685 

9435908 


22  ,66 


24  ,8, 

25  188 

26  196 


28  2,0 

29  2,7 


9-436,3, 

9*436353 
9*436576 

9*436798 

9-437020 

9-437242 

9*437464 
9*437686 

9*437908 
9*438129 


9-43835, 
9*438572 

9*438793 

9*4390141 

9-439235 

9439456 

9*439677 
9*439897 

9*440118 

9*440338 


1 

2 
3 

4 
6 


7 

15 

22 

30 
37 

6  44 

7  52 

8  59 

9  67 

10  74 

11  82 

12  89 

13  97 

14  104 
16  ,1, 

16  ,,8 

17  126 
18,33 

19  ,41 

20  ,48 

21  ,56 

22  ,63 

23  ,7, 

24  ,78 
36  ,85 

26  ,92 

27  200 

28  207 

29  215 

30  222 


,0*570603 
,0*570377 
,0*570,5, 
,0*569925 
,0*569699 

,0*569473 
,0*569248 
,0*569022 
io-56j8797 
,0*56857, 


9*442988 

9*443234 

9*443479 
9-443724 

9*443968 

9-4442,3 

9*444458 
9*444702 

9*444947 
9*445 '91 
9*445435 


Parts 


1"  8 
2  16 


3 
4 
6 

6 
7 


24 
32 
41 

49 

57 


Cotang. 


9*445679 

9*445923 
9*446167 

9-446411 
9*446654 

9*446898 
9*44714, 
9-447384 
9-447627 
9-447870 


10*568346 
,0*568,2, 
,0*567896 
,0*56767, 
10*567447 

,0*567222 
,0*566998 
10*566774 
,0*566549 
,0*566325 


Cosine     Parts 


10*566,02 
,0-565878 
,0*565654 
,0-56543, 
10*565207 

10*564984 
10*56476, 
,0*564538 

'0-564315 
,0*564092 


9*448113 
9*448356 
9-448599 

9-44884, 
9*449084 

9*449326 
9*449568 
9-4498,0 
9*450052 
9*450294 


21 
22 


8  65 

9  73 

10  81 

11  89 

12  97 

13  ,06 

14  1,4 

15  ,22 

16  ,30 

17  138 

18  ,46 

19  154 

20  ,62 


,0*5570,2 
10*556766 
10*55652, 
10-556276 
10-556032 

'0-555787 

'O-555542 
10-555298 

'0-555053 
10-554809 

'0-554565 


Secant 


10*563869 
10*563647 
10*563424 
10*563202 
,0*562980 

,0*562758 
10*562536 
,0*5623,4 
,0-562092 
10-56,87, 


,0*561649 
,0-561428 
10-561207 
,0*560986 
10-560765 

TO' 560544 
10-560323 
10*560,03 
10-559882 
10-559662 


Secant 


9*450536 
9-450777 
9*451019 
9*45,260 
9*45,502 

9*45 '743 
945,984 

9*452225 

9*452465 

9*452706 


9*452947 
9*453187 

9*453428 
9*453668 
9*453908 

9*454148 
9-454388 
9*454628 
9*454867 
9*455107 


9*455346 
9*455586 

9*455825 
9*456064 
9*456303 

9*456542 

9*456781 
9-457019 

9*457258 
9*457496 


'7' 
179 

23  ,87 

24,95 

36  203 

36  21, 
27219 
28  227 
29235 
SO  244 


10*554321 
10*554077 

'0*553833 
10*553589 

'0-553346 

10-553,02 

10*552859 

10*552616 

,0-552373 

10*552130 


,0*0,6089 
10*016,07 
10*016125 
10*0,6142 
10*016160 
10*016177 

10*016195 
ro*o,62,2 
10*016230 
10*016248 
10*0,6265 


Parts 


1 
2 
3 

4 
6 

6 
7 


8 
16 

24 
32 
40 

48 
56 


8  64 

9  72 

0  80 

1  88 

2  96 

3  104 

4  112 

5  120 

6  128 

7  136 
8144 
9  152 

20  160 

21  ,68 

22  ,76 

23  184 

24  ,92 
26200 

26208 
27  216 

38  224 

39  232 
30  240 


Cotang. 


Parts 

74^ 


10*55,887 
10*551644 
10*551401 
10*551159 
'  0-5509 16 

10*550674 
10*550432 
10*550,90 
10*549948 
,0-549706 


10-0,6283 
10*016300 
,0*0,63,8 
10*0x6336 
10-0,6353 

10*016371 
10*016389 
10*016406 
10*016424 
10*016442 


10*549464 
,0*549223 
,0*54898, 
,0*548740 
10*548498 

10*548257 
10-54S016 
10-547775 

'0-547535 
10-547294 


,0-547053 
10*546813 
10-546572 
10-546332 
10*546092 

10*545852 

10*545612 

'0-545372 

'o*545'33 
10*544893 


10*544654 
,0.5444x4 

,0*544,75 

10*543936 
10*543697 

,0*543458 
,0-5432,9 
10*542981 
10-542742 
10-542504 


Tangent 


10-0,6460 
10*016477 
10-016495 
10*0,65,3 
,0*0,653, 

,0*0,6548 
,0*016566 
,0-0,6584 
10*016602 
10*016619 


,0*016637 
,0*016655 
10*016673 
10*016691 
,0*016709 

10*016727 
10-016744 
10-016762 
10*016780 
10*016798 


10*016816 
10-016834 
10*016852 
10*016870 
io*oi6888 

,0*0,6906 
10*016924 
10-016942 
10*016960 
,0-0,6978 


10*016996 
,0*0,7014 
xo'0,7032 
10*0,7050 
,0*017068 

10*0,7086 
,0*0,7104 
10*017122 
10*017140 
,0*017158 


Coeec. 


1" 

2 

8 

4 
6 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16  9 
17x0 
18,, 
191, 
20,2 

21  12 
22,3 
23,4 
24,4 
26,5 

26,5 
27,6 
28,7 
2917 
SO  18 


Cofine 


9*9839,, 
9*983893 
9*983875 
9*983858 
9*983840 
9-983813 
9*983805 
9*983788 
9*983770 

9-983752 
9*983735 


/  // 


9-9837,7 
9*983700 
9-983682 
9-983664 
9983647 

9-983629 
9*9836,, 

9*983594 
9-983576 
9*983558 


1 
2 
8 

4 
6 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 


1 

X 

1 
1 

3 

4 

4 

5 

5 
6 

7 
7 
8 
8 

9 


16  10 
1710 

18  11 

19  11 
20,2 

21  ,3 
2213 
23  14 
24,4 
26,5 

2616 
27,6 
2817 
2917 
30  f8 


Parts 


9*983540 

9*983523 

9*983505 
9-983487 
9*983469 

9*983452 

9*983434 
9*9834,6 

9*983398 
9*983381 


9*983363 

9*983345 
9*983327 

9-983309 

9-98329, 

9*983273 
9*983256 

9*983238 
9-983220 
9-983202 


9-983,84 
9-983166 

9983148 
9-983130 
9-983112 

9*983094 
9-983076 

9*983058 

9*983040 

9-983022 


9*983004 
9*982986 
9-982968 
9*982950 
9-982932 

9-9829,4 
9-982896 
9*982878 
9*982860 
9*982842 


Sine 


58 

98 
96 
94 

92 
90 

48 
40 
44 
4S 

40 


84 

82 
80 

28 
20 
24 


18 
16 
14 
IS 
10 

8 
6 

4 
2 

sy 

98 
90 
94 
92 
90 

48 

46 
44 
42 
40 


38 

36 
34 
82 
80 

28 
26 
24 
22 
20 

18 
16 
14 
12 
10 

8 

n 

4 
t 


m. 


30 
•so 
29 

30 
28 
SO 

27 

so 
26 

30 
25 

so 
24 

so 
23 

80 

22 
SO 

21 
so 
20 

30 
19 

so 
18 

so 

17 

80 

16 
so 
15 

80 
14 
SO 

13 

30 

12 

SO 

11 

80 
10 


30 

9 

80 

8 

80 

7 

so 

6 

•0 

5 


30 

4 

80 

3 

30 
2 

30 
1 

30 

n 
777 


4h  5e.n 


724 


TABLE  68 


Ih  4 


in 


LOG.  SINES,  COSINES,  &c. 
16° 


/  n 

3) 
I 

SU 

2 

so 

3 

80 

4 

30 
6 

so 
6 

so 

7 
so 

8 
so 
9 
so 
10 


30 
11 

SO 

12 
so 

13 

so 
14 

so 
16 

so 
16 
so 

17 
so 

18 
so 

19 
so 

20 

30 

21 
30 
22 

80 

28 

so 
24 

so 
25 

so 
28 

30 

27 

30 

28 
30 

29 

30 

30 


/  // 


s. 


0 
3 
4 
6 
8 
10 

12 
14 
16 
18 
20 

22 

24 
%A 

29 
30 

32 
34 

SO 
38 
40 

42 
44 

46 
48 
50 

52 
54 

56 
58 

8 

2 

4 

6 

8 

10 

12 
14 
16 
18 
20 

22 
24 
26 
28 
SO 

32 
34 

36 
38 
40 

42 
44 

46 
48 
50 

52 
54 

56 
58 

« 


Sine 


9'440338 
9-440558 

9*44077* 
9-440998 

9*441218 

9-441438 

9-441658 
9-441877 
9-442096 
9.442316 

9'44a535 


9*44*754 
9-442973 

9'443i9a 
9-443410 

9.443629 

9-443847 
9*444066 
9-444284 
9-444502 
9-444720 


9-444938 

9'445J55 

9*445373 
9-445590 

9*445808 

9.446025 

9-446242 

9-446459I28 

9-446676 

9-446893 


14  102 

15  109 

16  116 

17  124 

18  131 

19  138 

20  146 

21  153 

22  160 

23  167 

24  175 

25  182 


9-447109 
9-447326 
9-447542 

9*447759 
9*447975 
9-448191 
9-448407 

9H86a3 
9*448838 

9-449054 


9.449269 
9-449485 
9-449700 
9-449915 
9*450130 

9*450345 
9-450560 

9*450775 
9*450989 

9*45" 


20420 


[63222 
[84623 


9*451418 

9*45 « 

9*45 » 
9-452060 

9-452274 

9*452488 
9*452702 
9-452915 
9-453129 
9*45334apO 


Cosine 


Pfeuts 


1" 

2 

8 

4 
5 

6 
7 
8 
9 
10 

11 
12 
13 


7 

15 
22 

29 

36 

44 
51 

58 
65 
73 
80 
87 
95 


26  189 

27  196 
204 

29  211 

30  218 


1 
9 
8 

4 
5 

6 
7 
8 
9 
10 

11 

12 
13 


7 

H 
22 

29 
36 

43 

50 
57 
64 
72 

79 

86 


93 

14  100 

15  107 

16  114 

17  122 

18  129 

19  136 

H3 
21  150 

"57 
165 

24  172 

25  179 

26  186 

27  193 

28  200 
29208 

215 


Parts 


Coeec. 


0-559662 
0*559441 
0-559222 
0-559002 
0-558782 
0*558562 

0*558342 
0*558123 
0*557904 
0*557684 

0-5574^5 


0*557246 
0*557027 
0-556808 
0-556590 
0*556371 

0*556153 

0-555934 
0*555716 

0-555498 
0*555280 


0*555062 

0-554845 
0*554627 

0*554410 

0*554192 

0-553975 
0-553758 
0-553541 
o-5533»4 
0*553^07 


0*551891 
0-552674 
0*552458 
0*552241 
0*552025 

0*551809 
0*551593 

o-55»377 
0*551162 

0-550946 


0*550731 
0-550515 
0*550300 
0*550085 
0-549870 
0*549655 
0*549440 
0*549225 
0-5490 I I 
0*548796 


0*548582 
0*548368 
0*548154 
0*547940 
0*547726 

0*547512 
0*547298 
0*547085 
0*546871 
0*546658 


Secant 


Tangent 


9457496 

9*457735 

9*457973 
9*458211 

9-458449 

9*458687 

9*458925 
9*459163 
9*459400 
9-459638 

9*459875 


9-460112 
9-460349 
9*460586 
9*460823 
9*461060 

9*461297 
9-461533 
9*461770 
9*462006 
9-462242 


9-462478 
9-462715 
9-46a950 
9*463186 
9-463422 

9-463658 
9-463893 
9-464128 
9-464364 

9*464599 


2 
3 

4 
5 

6 
7 
% 
9 
20 

21 


9-464834 
9-465069 
9-465304 

9*465539 
9*465773 
9-46600S 
9*466242 
9-466477 
9*466711 
9*466945 


9*467179 
9*467413 
9*467647 
9*467880 
9*468114 

9*468347 
9*468581 
9-468814 
9-469047 
9*469280 


9*469513 
9469746 

9*469979 

9*470211 

9.470444 

9*470676 
9.470909 
9-47 1 141 
9-471373 
9-471605 


Cotang. 


F^rti 


1 
2 
3 

4 
5 


H 


8 
16 

14 
3* 
39 
6    47 

7 

8 
9 
0 


55 
63 

71 
79 

87 

95 
103 

no 

118 

126 

'34 

142 

150 
158 

166 
22174 

23  181 

24  189 

25  197 

26205 
27213 

28  221 

29  229 

»Pa37 


1 

9 
3 
4 
5 

6 

7 

8 
9 
0 


8 


16 

»3 
3» 
39 

47 

54 
62 

70 
78 
86 

93 
8  loi 

14  109 

.5  117 

6  124 

7  132 

8  140 

9  148 

20  156 

21  163 
171 

23  179 

24  187 

25  194 

26  202 

27  210 
28218 

29  226 

30  233 


Ptarte 
78° 


Cotang. 


10-542504 
10-542265 
10*542027 
10*541789 
10*541551 
10*541313 

10*541075 
10*540837 
10*540600 
10*540362 
10*540125 


10*539888 
10*539651 
10*539414 
10*539177 
10-538940 

10*538703 
10*538467 
10*538230 

10*537994 
10*537758 


10-537522 
10-537286 
10*537050 
10*536814 
10*536578 

10-536342 
10*536107 
10*535872 
10*535636 
10*535401 


10*535166 
10*534931 
10*534696 
10-534461 
10-534227 

10*533992 

10*533758 
10*533523 

10*533289 
'0-533055 


10*532821 
10*532587 

10-532353 
10*532120 

10*531886 

'0-531653 
10*531419 
10*531186 

'0*530953 
10*530720 


10*530487 
10*530254 
10*530021 
10*529789 
10*529556 

10*529314 
10-529091 
10*528859 
10*528627 
10*528395 


Tangent 


Secant 


0*0 
0*0 
o-o 
0*0 
o-o 
0*0 

0*0 
o-o 
0*0 
0-0 
0*0 


0*0 
o-o 
0*0 
0*0 
0*0 

o-o 
0*0 
0*0 
0-0 
0-0 


O'O 

0*0 

O'O 

0-0 
0*0 

O-o 

0-0 
0*0 

0*0 
0*0 


o-o 
0*0 
0-0 
0-0 
0-0 

0-0 
0-0 
0-0 
0*0 

0*0 


O'O 

0*0 

0*0 

o*o 
o-o 

o-o 
0*0 

O'O 

o*o 
0*0 


O'O 

0*0 
0*0 
0*0 
O-o 

0*0 

0*0 
o-o 

O'O 
O'O 


158 

176 

'95 
213 

231 

249 

267 
285 

304 

322 

340 


Puts 


l"l 

2  1 


358 

376 

395 
4'3 
43' 

449 
468 

486 

504 

523 


541 

559 
578 
596 
614 

633 
651 

669 

688 

706 


725 

743 
761 

780 
798 
817 
83$ 
854 
872 

891 


909 
928 
946 
965 
984 
8002 
8021 

8039 
8058 
8076 


8095 
8114 
8132 
8151 
8170 

8188 
8207 
8226 

8*44 
8263 


3 

4 
5 

6 
7 
8 
9 
0 

1 
2 
3 

4 
5 

6 
7 
8 
9 
20 

21 
22 
23 
24 
25 

26 

27 
28 
29 
SO 


1 
2 

3 
4 
5 

6 

7 


Coaec. 


15 
16 

17 
18 
19 
90 

21 
22 
93 
24 
25 

26 

27 
28 
29 
30 


2 
2 

3 

4 
4 
5 

5 

6 

7 

7 
8 

9 
9 
o 
o 
I 
2 
2 

3 

3 
4 
5 
5 
6 
6 

7 
8 

8 


I 
I 

% 
2 

3 

4 
4 


8  5 

9  6 
10  6 

"  7 

12  7 

13  8 

14  9 

9 
o 
1 
I 

2 
2 


Parts 


Cosine  I™" 


9*982X42 
9-982824 
9*982805 
9-982787 
9-982769 
9982751 

9-982733 
9*982715 
9*982696 
9-982678 
9-982660 


9-982642 
9-982624 
9-982605 
9-982587 
9-982569 

9-982551 
9-982532 
9-982514 
9-982496 
9-982477 


9-982459 
9-982441 
9*982422 
9*982404 
9*982386 

9*982367 
9*982349 
9*982331 
9*982312 
9-982294 


9*982275 
9-982257 
9982239 
9-982220 
9-982202 

9*982183 
9*982165 
9*982146 
9*982128 
9-982109 


9-982091 
9-982072 
9-982054 
9*982035 
9-982016 

9-981998 
9-981979 
9-981961 
9-981942 
a'98'9H 


9-981905 
9-981886 
9*981868 
9-981849 
9*981830 

9*981812 

9-981793 
9-981774 

9-981756 

9*98 '737 


Sine 


56 
58 
50 
54 
52 
56 

48 

46 
44 
42 
40 

38 
36 
34 
32 


24 
23 
20 

18 
10 
14 
12 
10 

8 
6 
4 
2 
%% 

50 
56 
54 
52 
50 

48 
40 
44 

40 


34 

32 

30 

28 
28 
24 


18 
16 
14 
12 
10 

8 

6 
4 
2 
0 


•• 


/  // 


60 
30 

69 
30 

58 

67 

38 

56 

3« 
60 


54 

so 
63 
80 

52 

30 
51 

30 
50 


30 

49 

so 
48 

3< 

47 

31 

46 
so 
45 


44 

3C 

43 

3C 

42 

SU 

41 
40 


30 

30 

3< 

38 

38 
37 


35 


34 


80 

32 

30 

31 

so 
30 


/  // 


4h  54m 
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LOG.  SINES,  COSINES,  &c. 

1*  6"                                                          16° 

/  ff 

m. 

Sine 

Parts 

Omoc. 

Tanfent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

/  // 
30 

30 

0 

9-453342 

10-546658 

9*471605 

10-528395 

10-018263 

9-981737 

5ft 

30 

2 

9'453S55 

»"    7 

10546445 

9'47i837 

1"    8 

10*528163 

10*018282 

V  I 

9*9817x8 

58 

30 

31 

4 

9-453768 

9    14 

10*546232 

9-472069 

9    15 

10*527931 

10*018300 

2    I 

9-981700 

56 

29 

30 

e 

9-453981 

3    21 

10-546019 

9*472300 

3    23 

10-527700 

10-018319 

3    2 

9*981681 

64 

30 

32 

8 

9-454194 

4    28 

10*545806 

9-472532 

4    31 

10*527468 

10-018338 

*    3 

9*98x662 

52 

28 

30 

19 

9.454407 

6    35 

W545593 

9*472763 

5    3« 

10*527237 

10-018357 

6    3 

9-981643 

50 

30 

33 

12 

9-454619 

6    42 

10-545381 

9*472995 

6    46 

10*527005 

10-018375 

5  ^ 

9-98x625 

48 

27 

30 

14 

9454832 

7    49 

10*545168 

9*473**6 

7    54 

10*526774 

10-0x8394 

7   4 

9-98x606 

46 

30 

34 

16 

9-455044 

8    56 

10-544956 

9'473457 

8    61 

10*526543 

10-0184x3 

®  1 

9-98x587 

44 

20 

30 

18 

9-455256 

9    63 

,0*544744 

9*473688 

9    69 

10*526312 

10-018432 

9   6 

9-98x568 

42 

30 

35 

20 
22 

9-455469 

10  70 

11  78 

10-544531 

9*47  39  >  9 

10  77 

11  84 

10*526081 

10018451 

10  6 

11  7 

9-981549 

40 
38 

25 

30 

30 

9-455681 

10-544319 

9-474150 

10*525850 

10-018469 

9-981531 

3« 

24 

9*455893 

12    85 

10-544107 

9*474381 

12    92 

10*525619 

10-018488 

12   8 

9*981512 

30 

24 

30 

20 

9-456104 

13    92 

10*543896 

9*474612 

13  100 

10*525388 

10-018507 

13   8 

9-981493 

34 

30 

37 

28 

9-456316 

14    99 

10-543684 

9-474842 

14  108 

10-525x58 

10*018526 

14   9 

9*981474 

32 

23 

30 

30 

9-456528 

16  106 

10*543472 

9*475073 

15  115 

10*524927 

xo-018545 

15    9 

9*981455 

30 

30 

38 

32 

9'456739 

16  113 

10-543261 

9*475303 

16  123 

10-524697 

10-018564 

16  10 

9-981436 

28 

22 

30 

34 

9-456951 

17  120 

10-543049 

9*475533 

17  131 

10*524467 

10-018583 

17  XX 

9-98x4x7 

20 

30 

39 

36 

9-457162 

18  127 

10-542838 

9*475763 

18  138 

10-524237 

10*018601 

18  XX 

9-98x399 

24 

21 

30 

38 

9*457373 

19  134 

10-542627 

9*475993 

19  146 

10-524007 

10*0x8620 

19X2 

9-981380 

22 

36 

40 

30 

40 
42 

9-457584 

20  141 

21  148 

10*542416 

9*476223 

20154 
21  161 

10-523777 

10*018639 

20x3 
21  X3 

9-981361 

20 
18 

20 
80 

9'457795 

10*542205 

9*476453 

10-523547 

10*018658 

9-981342 

41 

44 

9-458006 

22  155 

10-541994 

9-476683 

22  169 

10*5233x7 

10*0x8677 

22  14 

9-981323 

16 

19 

30 

Mk 

9-458217 

23  162 

10-541783 

9-476913 

23  177 

10-523087 

10*0x8696 

23x4 

9*981304 

14 

30 

42 

48 

9-458427 

24  169 

10*541573 

9-47714* 

24  184 

10-522858 

10*018715 

24x5 

9-981285 

12 

18 

30 

30 

9-458638 

25  176 

10*541362 

9*47737» 

25  192 

10-522628 

10-018734 

25x6 

9-981266 

10 

30 

43 

52 

9-458848 

96  1^3 

10*541152 

9*477601 

26  200 

10-522399 

10-018753 

26x6 

9-981247 

8 

17 

30 

54 

9-459058 

27  190 

10*540942 

9*477830 

27  ao7 

10*522170 

10-018772 

2717 

9*981228 

6 

30 

44 

56 

9-459268 

28  197 

10-540732 

9*478059 

28215 

xo-521941 

10*0x8791 

28x8 

9*981209 

4 

16 

80 

58 

9*459478 

29  204 

10-540522 

9*478288 

39  223 

10-521712 

10*018810 

29x8 

9*98x190 

2 

30 

4« 
30 

7 

2 

9-459688 

30  211 

10-540312 

9-478517 

30  230 

10-521483 

10*018829 

30  19 

9*98xx7x 

8S 

58 

15 

80 

9-459898 

1       7 

10-540102 

9-478746 

1      8 

10*521254 

10-0x8848 

I    1 

9-98XX52 

46 

4 

9*460108 

9     14 

10*539892 

9*478975 

2     15 

10-521025 

10*0x8867 

2    I 

9*98x133 

66 

14 

30 

6 

9-460317 

3     21 

10-539683 

9*479203 

3    23 

10-520797 

10-0x8886 

3    2 

9-981XX4 

64 

80 

47 

8 

9-460527 

4    28 

Jo*539473 

9*47943» 

4    30 

10-520568 

xo*oi8905 

♦  3 

9-98x095 

62 

13 

90 

10 

9-460736 

5    35 

10-539264 

9*479660 

5    38 

10-520340 

xo*oj8924 

5    3 

9-98x076 

50 

30 

48 

12 

9*460946 

6    42 

10*539054 

9-479889 

6    45 

10*520x11 

X  0*0x8943 

6  4 

9-981057 

48 

12 

30 

11 

9-461x55 

7    49 

10*538845 

9-480117 

7    53 

10*519883 

10*0x8962 

7  4 

9*98x038 

46 

30 

49 

16 

9-461364 

8    56 

10*538636 

9*480345 

8    61 

10*519655 

10*0x8981 

®   \ 

9-98x0x9 

44 

u 

30 

18 

9*461573 

9    62 

10*538427 

9*480573 

9    68 

10-519427 

xo*ox90oo 

9   6 

9*981000 

42 

80 

50 

30 

20 
22 

9-461782 

10  69 

11  76 

10*538218 

9*480801 

10  76 

11  83 

10*519x99 

10*0x90x9 

10  6 

11  7 

9*980981 

40 
38 

10 

30 

9461990 

10*538010 

9*481029 

10*5x8971 

10*0x9039 

9-980961 

51 

24 

9-462199 

IS    83 

10*537801 

9*48 11 S7 

12    91 

10-518743 

10*0x9058 

12   8 

9-980942 

36 

9 

30 

26 

9-462407 

13    90 

10*537593 

9*481484 

13    99 

10-5x85x6 

10*019077 

13   8 

9*980923 

34 

80 

52 

28 

9-462616 

14    97 

10-537384 

9*481712 

14  106 

10*518288 

10*0x9090 

14    9 

9*980904 

32 

8 

80 

30 

9-462824 

15  104 

10*537176 

9*481939   15  114 

10-518061 

xo*oi9Xi5 

15  xo 

9*980885 

30 

30 

53 

32 

9-463032 

16  III 

10*536968 

9*482167  16  121 

10-5x7833 

10*019134   16  ic 

9-980866 

28 

7 

30 

M 

9-463240 

17  118 

10-536760 

9*482394 

17  129 

xo*  5 1 7606 

10-0x9153   17x1 

9-980847 

26 

30 

54 

36 

9-463448 

18  125 

10-536552 

9*482621 

18  136 

10-5x7379 

10*0x9x73    18  12 

9-980827 

24 

6 

30 

38 

9-463656 

19  132 

10-536344 

9*482848 

19  144 

10-517x52 

10-019x921 19  12 

9-980808 

22 

30 

55 
30 

40 
42 

9-463864 

20  139 

21  146 

10*536136 

9*483075 

20  15a 

21  159 

XO-5X6925 

10*0x921 X 

170  13 

9-980789 

20 
18 

5 

30 

9*464072 

10-535928 

9-483302 

10*516698 

xo*ox9230 

21  13 

9-980770 

56 

44 

9-464279 

^2  153 

10-5357*1 

9-483529 

22  167 

xo- 51647  X 

10*0x9250 

22  T4 

9-980750 

16 

4 

30 

46 

9-464486 

23  160 

'0-5355H 

9*483755 

23  174 

10*516245 

10*0x9269 

23x5 

9-980731 

14 

30 

57 

48 

9.464694 

24  167 

10-535306 

9-483981 

24  182 

10*5x60x8 

10*0x9288 

24x5 

9-980712 

12 

3 

30 

50 

9-464901 

25  174 

10-535099 

9-484208 

25  189 

10-515792 

XO-0X9307 

25  16 

9*980693 

10 

30 

58 

52 

9-465108 

26  180 

10*534892 

9*484435 

26  197 

10*5x5565 

10*019327 

26x7 

9*989673 

8 

2 

30 

54 

9'4653'5 

27  187 

10-534685 

9-484661 

27  205 

10*515339 

10*019346 

2717 

9*980654 

6 

30 

59 

50 

9-465522 

28  194 

10-534478 

9*484887 

28  212 

10-5x5x13 

10*019365 

28  iS 

9*980635 

4 

I 

30 

58 

9-465729 

29  201 

10-534271 

9*485113 

29  220 

10-514887 

10*019384 

29  19 

9*980616 

2 

30 

m 

8 

9*465935 

30  208 

10-534065 

9*485339 

30  227 

10-514661 

10*019404 

30  19 

9-980596 

0 

0 

1  It 

1  tt 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

TMngjent 

Cosec. 

Parts 

Sine 

m. 

•• 

730                                                        4h 

52' 

n 
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'I  ABLE  68 


LOG.  SINES,  COSINES,  &c. 

[h    Q,n                                                                          I7U 

/// 
0 

m. 

s. 
0 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cobtne 

9*465935 

10-534065 

9*485339 

10-514661 

10-019404 

9-980596 

SZiiiO 

30 

2 

9*466142 

1"    7 

10-533858 

9*485565 

1"    7 

10-514435 

10*019423 

l"i 

9*980577 

58 

30 

1 

4 

9-466348 

2    14 

10*533652 

9-485791 

2    15 

10-514209 

10-019442 

2    1 

9*980558 

SC 

69 

30 

0 

9-466555 

3    20 

10-533445 

9*486016 

3    22 

10-513984 

10-0x9462 

3  2 

9-980538 

54 

30 

2 

8 

9*466761 

4    27 

10-533*39 

9-486242 

4    30 

10-513758 

10-01948 I 

*   3 

9-980519 

52 

58 

30 

10 

9*466967 

5     34 

10-533033 

9-486467 

6    37 

10-5x3533 

10*019500 

6   3 

9*980500 

50 

30 

3 

12 

9*467173 

6    41 

10-532827 

9-486693 

6    45 

10-5x3307 

10*019520 

6  4 

9*980480 

48 

57 

30 

14 

9*467379 

7    48 

10-532621 

9*4869x8 

7    5* 

10*513082 

10-0x9539 

7   5 

9-980461 

46 

80 

4 

16 

9-467585 

8    55 

10-532415 

9-487143 

8    60 

10-5x2857 

10*019558 

3  5 

9-980442 

44 

56 

30 

18 

9*467790 

9    61 

10*532210 

9*487368 

9    67 

10*512632 

10*0x9578 

9  6 

9*980422 

42 

so 

5 

20 
22 

9-467996 

10    68 

»    75 

10-532004 

9*487593 

10  75 

11  82 

10-512407 

10*0x9597 

10  6 

11  7 

9-980403 

40 
38 

55 

30 

80 

9*468202 

10-531798 

9-4878x8 

10*512182 

10*0x9617 

9-980383 

6 

24 

9-46S407 

12    82 

10*53x593 

9-488043 

12    90 

10-5x1957 

10*0x9636 

12  8 

9-980364 

36 

54 

30 

20 

9-468612 

13    89 

10-531388 

9-488268 

13    97 

10-5x1732 

10-019656 

13   8 

9*980344 

34 

30 

7 

28 

9*468817 

14    96 

10-531183 

9-488492 

14  X05 

10-5x1508 

10-019675 

14    9 

9-980325 

32 

68 

30 

30 

9*469022 

15  102 

10-530978 

9-4887x7 

15  1 12 

10-5x1283 

10-019694 

15  10 

9*980306 

30 

30 

8 

32 

9*469227 

16  109 

10*530773 

9*488941 

16  X20 

10*5x1059 

10*0x9714 

16  10 

9*980286 

28 

68 

30 

31 

9*469432 

17  116 

10*530568 

9*489x66 

17  X27 

10*510834 

10*019733 

17x1 

9*980267 

26 

80 

9 

36 

9*469637 

18  123 

10*530363 

9-489390 

18  135 

10*5x0610 

10-0x9753 1 18  12 

9*980247 

24 

61 

30 

38 

9-469842 

19  130 

10-530158 

9-489614 

19  142 

10*510386 

10-019772 

19  12 

9*980228 

22 

80 

10 

30 

40 
42 

9*470046 

20  137 

21  143 

10-529954 

9*489838 

20  150 
21157 

10-510x62 

10-019792 

2O13 
21  14 

9*980208 

It 

60 

80 

9*470251 

10*529749 

9*490062 

xo-509938 

10*0x9811 

9-980x89 

11 

44 

9*470455 

22  150 

10-529545 

9*490286 

22  165 

xo- 5097 14 

10-019831 

2214 

9*980169 

16 

49 

80 

40 

9*470659 

23  157 

10529341 

9-490510 

23  172 

10*509490 

10-019851 

23  15 

9-980149 

14 

80 

12 

48 

9*470863 

24  164 

10*529137 

9*490733 

24  180 

xo-509267 

10-019870 

24  16 

9-980x30 

12 

48 

80 

50 

9*471067 

25  171 

10*528933 

9*490957 

25  187 

10-509043 

10*0x9890 

25  16 

9-9801x0 

10 

80 

13 

52 

9*471271 

26  178 

10-528729 

9-491x80 

26194 

xo- 508820 

10-0x9909 

2617 

9-980091 

8 

47 

30 

M 

9*471475 

27  184 

10-528525 

9-491404 

2720a 

xo- 508596 

10*0x9929 

27x8 

9*980071 

6 

80 

14 

36 

9*471679 

28  191 

10*528321 

9-49x627 

28209 

10-508373 

10-019948 

28  18 

9-980052 

4 

46 

30 

5S 

9*471882 

29  198 

10*528118 

9-49x850 

29  217 

10*508150 

10*0x9968 

2919 

9-980032 

2 

80 

15 

9 

2 

9*472086 

30  205 

10*527914 

9-492073 

SO  224 

xo-507927 

10*0x9988 

SO  19 

9-9800x2 

SI 

88 

46 

30 

9-472289 

1       7 

10*527711 

9-492296 

1      7 

10-507704 

10-020007 

1    1 

9*979993 

80 

16 

4 

9*47x49* 

2     13 

io'5»75o8 

9*49*519 

9    15 

10*507481 

10*020027 

2    I 

9*979973 

56 

44 

30 

6 

9*472695 

3    fto 

10-527305 

9-49*74* 

S     22 

10-507258 

10*020046 

3    2 

9*979954 

54 

80 

17 

8 

9*472898 

4    27 

10*527102 

9*49*965 

4    30 

10-507035 

10*020066 

♦   3 

9*979934 

5t 

43 

so 

10 

9-473101 

5    34 

10*526899 

9-493187 

5    37 

XO-5068I3 

10-020086 

5    3 

9-979914 

M 

» 

18 

12 

9*473304 

6    40 

10*526696 

9-493410 

6    44 

10*506590 

10-020x05 

«  4 

9*979895 

48 

42 

30 

14 

9*473507 

7    47 

10-526493 

9-493632 

7    5* 

xo*  506 3 68 

10-020x25 

7    5 

9*979875 

46 

80 

19 

16 

9*473710 

8    54 

10-526290 

9*493854 

8    C9 

xo*  506x46 

10  020145 

8   5 

9*979855 

44 

41 

30 

18 

9*4739" 

9    61 

10-526088 

9-494077 

9    66 

10*505923 

10*020x64 

9  6 

9-979836 

42 

88 

20 

30 

20 
22 

9*474115 

10  67 

11  74 

10*525885 

9-494299 

10  74 

11  8x 

10*505701 

10-020184 

10   7 
"    7 

9-979816 

40 

88 

40 

88 

9*474317 

10*525683 

9-4945*1 

xo-505479 

10*020204 

9*979796 

81 

24 

9*474519 

12    81 

10*525481 

9*494743 

12    89 

10*505257 

10*020224 

12   8 

9*979776 

86 

39 

80 

26 

9*474721 

13    88 

10*525279 

9-494965 

IS    96 

xo- 50503 5 

XO-020243 

13   9 

9*979757 

34 

80 

22 

28 

9*474923 

14    94 

10-525077 

9*495186 

14  103 

10*504814 

10*020263 

14    9 

9*979737 

32 

38 

80 

80 

9*4751*5 

15  loi 

10-524875 

9*495408 

15  iix 

10-50459* 

10*020283 

15  10 

9979717 

80 

30 

23 

32 

9-475327 

16  108 

10*524673 

9*495630 

161x8 

10*504370 

10-020303 

16x1 

9-979697 

28 

37 

80 

34 

9*4755*9 

17  115 

10*524471 

9*495851 

17  126 

10-504149 

10*020322 

17  11 

9*979678 

20 

80 

24 

36 

9*475730 

18  122 

10-524270 

9-496073 

18  133 

xo-503927 

10*020342 

18X2 

9979658 

U 

86 

30 

38 

9*47593* 

19  128 

10*524068 

9*496294 

19  140 

10-503706 

XO-020362 

1913 

9979638 

22 

80 

23 
30 

40 
42 

9*476133 

20135 
21  142 

10-523867 

9*496515 

20  148 
21155 

10-503485 

10*020382 

20x3 
21  X4 

9-979618 

20 

18 

35 

30 

9-476335 

10-523665 

9*496736 

10*503264 

10*020402 

9-979598 

26 

44 

9*476536 

22  149 

10-523464 

9*496957 

22  X63 

xo-503043 

10-020421 

2215 

9*979579 

16 

34 

30 

46 

9*476737 

23  155 

10*523263 

9-497178 

23  170 

10-502822 

IO-02044X 

23  15 

9979559 

14 

30 

27 

48 

9-476938 

24  161 

10*523062 

9*497399 

24  177 

10*502601 

10-020461 

24  16 

9*979539 

12 

33 

30 

60 

9*477139 

25  168 

10*522861 

9*497620 

25  185 

10*502380 

10*020481 

25x6 

9*979519 

10 

80 

28 

52 

9*477340 

26  175 

10-522660 

9-497841 

26  192 

10*502159 

10*02050 X 

26  17 

9*979499 

8 

32 

30 

54 

9*47754<^ 

27  t8i 

10-522460 

9-498061 

27  200 

10*50x939 

10*020521 

27  18 

9*979479 

6 

80 

29 

56 

9*47774  1 

28  188 

10*522259 

9*498282 

28  207 

10-50x718 

10*020541 

28x8 

9*979459 

4 

31 

30 

58 

9*477041 

29  195 

10*522059 

9*498502 

29  214 

10*501498 

10*020561 

2919 

9*979439 

2 

30 

30 

10 

9-478142 

30  202 

10*521858 

9-498722 

50  222 

10*501278 

10-020580 

30  20 

9*9794*0 

0 

30 

,//   m| 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Ptirts 

Sine     |m.j 

/// 
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TABLE  68 


'27 


LOG.  SINES,  COSINES,  &e.                                                       | 

\^  10-                                  ir"                                             1 

/  ff 

•• 

Sine 

Fkrts 

Cosec. 

Tangent 

Ptirts 

Cotang. 

Secant 

Paits 

Cosine 

m. 
1. 

/  // 

:io 

0 

9-47814* 

10-521858 

9-498722 

10*501278 

10*020580 

9  979420 

50 

30 

30 

s 

9'47i?342 

r  7 

10*521658 

9*498943 

I"    7 

10-501057 

10*020600 

l"i 

9-979400 

88 

30 

SI 

4 

9-478541 

2  13 

10*521453 

9*499163 

«    15 

10-500837 

10-020620 

2    1 

9-979380 

M 

29 

30 

C 

9478742 

3    20 

10*521258 

9499383 

3     22 

10-500617 

10*020640 

•  3    2 

9*979360 

84 

30 

32 

8 

9-47S942 

4    26 

10-521058 

9-499603 

4    29 

10*500397 

10*020660 

♦   3 

9-979340 

82 

28 

30 

10 

9-47914* 

5    33 

10-520858 

9-499822 

5     36 

10*500x78 

10*020680 

6    3 

9-979320 

80 

30 

33 

12 

9-479342 

6    40 

10*520658 

9*500042 

«    44 

10-499958 

10*020700 

6  4 

9*979300 

48 

27 

30 

14 

9-479542 

7    46 

10*520458 

9*500262 

7    51 

10*499738 

XO*O20720 

7    5 

9*979280 

40 

30 

54 

10 

9'47974J 

8    S3 

10*520259 

9-500481 

6    58 

10-499519 

10*020740 

8   5 

9-979260 

44 

26 

30 

IS 

9-479941 

9    60 

10*520059 

9-500701 

9    66 

10-499299 

10*020760 

9   6 

9*979240 

42 

30 

3d 

30 

SO 

9-4^0140 

10    66 
il    73 

10*519860 

9*500920 

10  73 

11  80 

10*499080 

10*020780 

10  7 

11  7 

9*979220 

40 
38 

25 

30 

9-480339 

10-519661 

9-501x40 

iO'492{86o 

I0'020800 

9-979^00 

36 

u 

r4^539 

12    io 

10*519461 

9*50x3^9  ;i2    %S 

ic'498641 

10*020820 

12   8 

9*979180 

36 

24 

30 

M 

9-480738 

13    86 

10*5x9262 

9*50J578  13    95 

xo -49842  2 

IO'020&AO 
XO'OIOSOO 

13    9 

9*979160 

34 

30 

37 

2S 

9-480937 

U    93 

10-519063 

9-501797 

.4   102 

10*49)^203 

14    9 

9*979x40 

32 

23 

30 

30 

9-4«ii35 

15    99 

10*5x8865 

9*502016 

15  109 

10-497984 

10*020880 

15  10 

9-979120 

30 

30 

38 

3*2 

r48«334 

16  106 

10*518666 

9-502235 

16  117 

10-497765 

10-020900 

16  II 

9-979100 

28 

22 

30 

ai 

^•4«'533 

17  113 

10-518467 

9-502^53 

17  124 

10*497547 

10*020921 

17  11 

9.979079 

26 

30 

39 

36 

9-481731 

18  119 

10*518269 

9-502672 

18  131 

10-497328 

10*020941 

18  12 

9*979059 

U 

21 

30 

38 

9-48193C 

19  126 

10*5x8070 

9*502891 

19139 

10-497109 

10-020961 

19  13 

9979039 

22 

30 

40 

30 

40 
4k 

9-482128 

20  132 

21  139 

10*5x7872 

9-503x09 

20  146 

21  153 

10*496891 

10*020981 

20  13 
21x4 

r 9790 19 

20 
18 

20 
30 

9482327 

10*517673 

9*503328 

10-496672 

10*021001 

9-978999 

41 

41 

9-482525 

22  146 

10-517475 

9-503546  22  161 

10-496454 

10*021021 

2215 

9-978979 

10 

iO 

30 

4« 

9-482723 

23  152 

10-517277 

9*503764  '.'3  168 

10-496236 

10*021041 

23X5 

9*978959 

14 

30 

42 

48 

9-482921 

24  159 

io'5 17079 

9-503981 

24  175 

10-496018 

10*02x061 

24  16 

9*978939 

12 

I  ** 
Jo 

30 

80 

9-483119 

25  166 

10*516881 

9-504200 

25  182 

10*495800 

10*02 io8» 

26X7 

9'97»9l« 

10 

30 

43 

82 

^•483316 

26  172 

10*516684 

9*504418 

26  190 

10*495582 

10*021102 

2617 

9978898 

8 

17 

80 

M 

$'4^3SH 

27  179 

10*5x6416 

9*504636 

27  t97 

xo*49536a 
10-495x46 

10*021122 

27  18 

9-978878 

6 

30 

44 

86 

9-483712 

98i36 

10*516288 

9-504854 

28  204 

10*021142 

2819 

9*97M58 

4 

16 

33 

88 

9-483909 

20  192 

10-516091 

9*50507* 

29  2X2 

xo*494928 

10*021162 

2819 

9*978838 

2 

30 

45 

30 

11 

% 

9-484107 

30  199 

lo- 5 1 5893 

9*505289 

30  219 

10-494711 

10*021183 

30  20 

9*9788x7 

%9 
•8 

15 

30 

9-4«4304 

1      7 

10*515696 

9*505507 

I      7 

10-494493 

10*021203 

1     X 

9*978797 

40 

4 

9-484501 

2    13  K>*5i5499l 

f5057*4 

•  14 

10*494276 

10*021223 

3    X 

9*978777 

86 

U 

80 

6 

9-484698 

3    20 

xo-515302 

9*505941 

3    22 

10-494059 

10*021243 

3   1 

9*978757 

84 

30 

47 

8 

9*484895 

4    26 

10-515105 
10*514908 

9*506159 

4    29 

10*493841 

10-01x263 

*   3 

9*978737 

82 

u 

80 

10 

9-485092 

»    33 

9*506376 

5    36 

10*493624 

XO*02X284 

6    3 

9*978716 

50 

10 

48 

12 

9-485289 

6    39 

10*5x4711 

9*506593 

«    43 

10*493407 

10*02x304 

«  4 

9*978696 

48 

12 

30 

14 

9-485485 

7    46 

10*514515 

9*506810 

7    50 

10*493190 

XO*02X324 

7   5 

9-978676 

46 

30 

40 

16 

9*485682 

8    52 

10-514318 

9*507027 

8    58 

,0-492973 

xo-021345 

*   1 

9*978655 

44 

U 

30 

18 

9-485879 

0    59 

10*514121 

r507a43 

•    65 

10*492757 

10*021365 

0   6 

9*978635 

42 

80 

50 

30 

20 
22 

9-486075 

10  65 

11  72 

10-513925 

9*507460 

10  72 

11  79 

10*492540 

10*021385 

10  7 

11  7 

9*978615 

40 
38 

10 

9*486271 

10*513729 

9*507677 

10*492323 

10-021406 

9*978594 

30 

51 

ftl 

9-486467 

12    78 

>o'5«3533 

9*507893 

12    87 

10*492107 

10*021426 

12   8 

9*978574 

36 

0 

30 

26 

9-486664 

13    85 

10-513336 

9*508x10 

13    94 

10*491890 

10*021446 

13    9 

9*978554 

34 

30 

5S 

28 

9*486860 

14    91 

10-513140 

9*508326 

14  101 

10*491674 

XO-02I467 

14  xo 

9*978533 

32 

8 

30 

80 

9-487055 

15    98 

10-512945 

9*508542 

15  108 

10*491458 

10*02x487 

16  10 

9*978513 

30 

so 

53 

32 

9-487251 

16  104 

10*511749 

9*508759 

16  115 

10*491241 

xo*o2X507 

16  11 

9*978493 

28 

7 

30 

M 

9-487447 

17  111 

10*512553 

9*508975 

17  123 

10*49x025 

10*02x528 

17  12 

9*978472 

26 

30 

54 

36 

9-487643 

18  117 

10*512357 

9*509191 

18  130 

10*490809 

10*021548 

18  12 

9*978452 

24 

6 

30 

38 

9*487838 

19  124 

10*512162 

9.509407 

19  137 

10-490593 

10*02x569 

19x3 

9*978431 

22 

30 

55 

30 

40 
42 

9*488034 

20  13X 

21  137 

10*51x966 

9*509622 

20x44 
21  151 

10-490378 

10*021589 

20  14 
2114 

9-9784x1 

20 
18 

5 

30 

9*488229 

10-511771 

9*509838 

10*490162 

10*021609 

9*978391 

56 

44 

9*488424 

22144 

10*511576 

9*510054 

22159 

,0*489946 

10*021630 

2215 

9*978370 

16 

4 

30 

46 

9-488619 

23  150 

10-511381 

9*510269 

23  166 

10*489731 

10*021650 

23x6 

9-978350 

14 

30 

57 

48 

9*488814 

24  157 

10*511x86 

9*510485 

24  173 

10-4895x5 

10-021671 

24x6 

9*978329 

12 

3 

30 

80 

9*489009 

25  163 

10*510991 

9*510700 

25  x8o 

xo -489300 

10-021691 

25X7 

9*978309 

10 

30 

58 

82 

9*489204 

26  170 

10*510796 

9*510916 

26  X87 

xo*489o84 

10*02x712 

26x8 

9*978288 

8 

2 

30 

84 

9*489399 

27  176 

10*510601 

9*5"'3i 

27  195 

10*488869 

10*02x732 

27x8 

9-978268 

6 

30 

59 

50 

9*489593 

28  183 

10*510407 

9*511346 

28  202 

xo*488654 

10*021753 

28x9 

9*978h7 

4 

1 

30 

88 

9*489788 

29  189 

10*510212 

9-5"56i 

29  209 

10*488439 

10*021773 

2920 

9-978227 

2 

30 

60 

la 

m. 

9  489982 

30  196 

10*510018 

9*511776 

30  216 

10-488224 

10-021794 

30  20 

9-978206 

0 

0 

Cosine 

Parts 

Secant    1   Cotang. 

Parti 

Tangent 

Cosec. 

Parts 

Sine 

Ilk. 

/// 
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TABLE  68 


LOG.  SINES,  COSINES,  &c. 


P  12 


in 


18^ 


/  // 


0 

80 

1 

30 

2 

ao 

3 

30 
4 
30 
5 

80 

6 

80 

7 

80 

8 

SO 

0 

30 

10 


30 
II 

30 
12 

30 

13 

30 
14 

30 
15 

30 

16 

30 

17 

30 
18 

30 

10 

30 

20_ 

30 

21 

80 

22 
80 

23 

80 
24 

30 

25 


30 

26 

30 

27 

30 

28 

30 

29 

30 

30 
/  n 


t. 


0 

s 

4 

0 

8 

10 

12 
14 

10 
18 
20 

32 
24 
26 
28 
30 

32 
34 

30 
38 
40 

42 

44 

46 
48 
50 

52 
54 

56 

58 

13 

8 
4 

6 

8 

10 

12 
14 

10 
18 
20 

22 
24 
26 
28 

30 

32 
34 

30 
38 
40 

42 
44 

46 
48 
50 

52 
54 
56 

58 


Sine 


9-48998 

9-490177 

9-49037 

9-490565 

9-490759 

9*490953 
9-491147 
9-491341 

9*49»535 
9-491728 

9-491922 


9-492115 
9-492308 
9*492502 
9-492695 
9-492888 

9-493081 

9'493a73 
9-493466 

9'493659 
9*49385» 


9*494044 
9-494236 

9-494428 

9*494621 

9-494813 

9-495005 
9-495196 
9-495388 
9-495580 

9'49577a 


9*495963 
9-496154 

9-496346 

9-496537 

9-4967*8 
9-496919 
9-497110 
9-497301 
9-497492 
9-497682 


9*497873 
9*498064 

9*498254 

9.498444 

9-498634 

9-498825 
9-499015 
9-499204 

9*499394 
9*499584 


9*499774 
9-499963 

9-500153 

9-500342 

9-500531 

9-500721 
9-50091C 
9-501099 
9-501288 

9* 50 1476 


Cosine 


Parts 


1 
2 
3 

4 
6 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 


// 


6 
13 

II 

3» 

39 

45 

5" 

58 
64 

71 
77 

84 

90 

96 

16  103 

17  109 

18  116 

19  122 

20  129 

21  135 

22  142 

23  148 

24  155 

25  161 

26  168 

27  174 

28  180 

29  186 

30  193 


1 
2 
3 

4 
6 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 


6 

13 
19 

^5 
3a 

38 

44 

5' 

57 
63 

70 
76 
82 

89 
95 

16  101 

17  108 

18  114 

19  121 

20  127 

21  133 
29  140 

23  146 

24  152 

25  159 

26  165 

27  171 

28  178 

29  184 

30  190 


Parts 


Cosec. 


10-510018 
10*509823 
10-509629 
10-509435 
10*509241 
10-509047 

10-508853 
10*508659 
10*508465 
10*508272 
10*508078 


10-507885 
10-507692 
10*507498 
10*507305 
10*507112 

10*506919 
10-506727 
10-506534 
10-506341 
10*506149 


10-505956 
10-505764 

io*50557a 
10-505379 

10-505187 

10-504995 
10*504804 
10-504612 
10-504420 
10-504228 


10-504037 
10-503846 
10-503654 
10*503463 
10-503272 

10*503081 
10-502890 
10*502699 
10-502508 
19*502318 


10-502127 
10*501936 
10*501746 
10-501556 
10-501366 

10*501175 
10-500985 
10-500796 
10*500606 
10-500416 


10-500226 
10*500037 
10*499847 
10*499658 
10*499469 

10*499279 
10-499090 
10*49890  > 
10*498712 
10-498524 


Secant 


Tangent 


11776 
11991 
12206 
12420 
12635 
12850 

13064 
13278 

13493 
13707 
1 392 1 


H>35 

14349 

14563 

H777 
14990 

15204 

1 5417 
15631 

15844 
16057 


11 
19 
13 
14 
15 

16 


1 627 1 
16484 
16697 
16910 
17123 

'7335 
17548 
17761 

17973 
18186 


18398 
18610 
18822 
19034 
19246 

19458 
19670 
19882 
20094 
20305 


20517 
20728 
20939 
21151 
21362 

21573 
21784 
21995 
22206 
22417 


22627 
22838 
23048 
23259 
23469 

23680 
23890 
24100 
24310 
24520 


Cotang. 


Parts 


1 

9 
3 
4 
5 

6 
7 
8 
9 
10 


// 


7 

H 

21 

18 

36 

43 
50 
57 
64 
71 

78 
85 

93 
100 

107 

114 

17  121 

18  128 

19135 
20  142 

91  150 

99157 

93  164 

94  171 
26  178 

96  185 

97  191 
199 

99  20a 
80  214 


1      7 


9 
3 
4 
6 

6 

7 

8 

9 

10 

11 
12 
13 
14 


»4 

a8 
35 
4* 

.56 

63 
70 

77 
84 

9" 
98 

15  105 

16  112 

17  120 

18  127 
19134 

20  141 

21  148 
22155 

23  162 

24  169 

25  176 

26  183 

27  190 

28  197 

29  204 

30  211 


Cotang. 


Parts 
71° 


10-488224 
10*488009 
10-487794 
10*487580 
10*487365 
10-487150 

10*486936 
10-486722 
10*486507 
10*486293 
10*486079 


10-485865 
10-485651 
10-485437 
10-485223 
10-485010 

10-484796 
10-484583 
10-484369 
10*484156 
10*483943 


10*483729 
10*483516 
10*483303 
10*483090 
10-482877 

10*482665 
10*482452 
10-482239 
10-482027 
10*482814 


10-481602 
10-481390 
10*481178 
10-480966 
10*480754 

10-480542 
10-480330 
10-480118 
10*479906 
10-479695 


10-479483 
10-479272 
10*479061 
10-478849 
10-478638 

10-478427 
10*478216 
10-478005 
10-477794 
10-477583 


10*477373 
10-477162 
10-476^ 
10-476741 
10-476531 

10*476320 
10*476110 
10-475900 
10-475090 
10*475480 


Tangent 


Secant 


10-021794 
10-021814 
10*021835 
10*021855 
10-021876 
10-021896 

10*021917 
10*021938 
10*021958 
10-021979 
10*021999 


10-022020 
10*022041 
10*022061 
10*021082 
10-022103 

10*022123 
10-022144 
10*022165 
10-022185 
10*022206 


10-022227 
10-022248 
10*022268 
10-022289 
10-0223 10 

10-022331 
10*022352 
10*022372 
10-022393 
10*022414 


10-022435 
10*022456 
10-022476 
10-022497 
10*022518 

10-022539 
10*022560 
10-022581 
10*022602 
10*022623 


10*022644 
10*022665 
10*022686 
10*022707 
10*022728 

10*022749 
10-022770 
10-022791 
10*0228 12 
10*022833 


10-022854 
10-022875 
10*022896 
10*022917 
10-022938 

10-022959 
10-022980 
10*023001 
10-023022 
10-023043 


Coaec. 


Parts 


1" 

2 

3 

4 
6 

6 
7 
8 
9 
0 

1 
2 
3 

4 
5 

6 
7 
8 
9 


90 

21 

22 
23 
94 
25 

96 

97 

28 

2920 

3021 


9-978206 
9-978186 
9-978165 
9-978145 
9-978124 
9-978104 

9*978083 
9-978062 
9-978042 
9-978021 
9-978001 


9*977980 
9*977959 

9*977939 
9-977918 

9*977897 

9*977877 
9-977856 

9*977835 
9*977815 
9*977794 


1 
I 
2 

3 
3 

4 

5 

6 

6 
7 
8 
8 

9 
4 10 

5  10 
611 

7  12 

813 
913 

20  14 

21  15 
2215 
23  16 
2417 
25X7 

2618 
2719 
98  20 
9920 
30  21 


Parts 


9*977773 
9.977752 

9*97773* 
19*9777" 
9-977690 

9-977669 

9*977648 
9-977628 
9*977607 
9*977586 


9*977565 
9*977544 
9*9775H 
9*977503 
9-977482 

9*977461 
9*977440 
9-977419 

9*977398 
9*977377 


9977356 

9*977335 
9-977314 

9*977*93 
9*977*7* 
9-977251 

9*977*30 
9-977209 

9-977188 
9.977167 


9-977146 

9*9771*5 
9-977104 

9-977083 

9-977062 

9*977041 
9-977020 

9*976999 
9*976978 
9976557 


Sine 


/  // 


58 
56 
54 
92 
50 

48 
46 
41 
42 
40 

38 
36 
34 
32 
SO 

28 
20 
21 


18 
16 
14 
12 
10 

8 
6 

4 
9 

«y 

96 
96 

54 

92 


40 
44 


M 


20 

18 
16 
14 
12 
10 

8 
6 
4 
2 
0 


GO 
30 

59 

80 
58 

80 

&7 

86 
56 

30 
55 


64 

8fl 

53 

30 

58 

30 
51 

30 
50 


49 

30 

48 

30 

47 

30 

46 

30 
46 


44 

30 
43 

38 

42 

30 

41 

30 
40 


38 

80 

37 

30 

36 

88 

35 


34 

so 
S3 

30 

39 

30 
31 

30 

30 


t  It 


4h  4(;ni 


TABLE  68 


729 


LOG.  SINES,  COSINES,  &c. 


jh   14m 


18^ 


/// 


30 

31 

30 

32 
30 

33 

30 
34 
30 

35 

30 

36 

30 

37 

30 

88 

30 

39 

30 

40 


30 

41 

30 
42 

30 

43 

30 

44 

30 
45 

30 

46 

30 

47 
30 

48 

30 

49 

30 

50 


30 
51 
30 

62 

80 

63 

30 

64 

30 

56 

80 
66 
30 

67 

30 

68 

80 

69 

30 

no 
t  It 


0 

2 
4 
0 
8 
10 

13 
14 

le 

18 
90 

2S 
24 
S6 
28 
30 

32 
34 
38 
38 

40 

42 
44 

48 
48 
30 

52 
54 
58 

58 

IS 

2 
4 
8 
8 
10 

12 
14 
18 
18 
20 

22 
24 
20 
28 
30 

82 
34 
36 
38 

40 

42 
44 

48 
48 
50 

52 
54 
56 
58 
16 


Sine 


501476 
501665 
501854 
502041 
502231 
502419 

502607 
502796 
502984 
503172 
503360 


503548 

503735 
503923 

5041 10 

504298 

504485 
504673 
504860 
505047 
505234 


505421 

505608 

505794I23 

505981 

506168 

506354J26 

506541 

506727 

506913 

507099 


507285 
507471 
507657 
507843 
508028 

508214 
508400 
508585 
508770 
508956 


509 141 
509326 

5095" 
509696 

509880 

0065 
0250 
0434  18 
0619 
0803 


0987 
1172 
1356 

1540 
1724 

1907 
2091 
2275 

2458 
2642 


Parts 


H 


6 

12 

»5 
3" 

6  37 

7  44 

8  50 

9  56 
10  62 


11 
12 


13 
14 
15 


69 

75 
81 

87 
94 

16  100 

17  106 

18  1x2 

19  X19 

20  125 

21  131 

22  137 
144 

24  150 

25  156 

162 
!27  169 

28  175 

29  181 

30  187 


6 

12 
18 

3^5 
31 

37 

43 

49 

55 
62 

68 

74 
80 

86 

92 

99 

17  105 

III 

19  117 

20  123 

21  129 

22  13s 

23  142 

24  148 

25  154 

26  160 

27  166 

28  172 

29  179 

30  185 


1 
2 
3 

4 
5 

6 
7 
8 
9 
10 

11 
12 
13 

14 
15 

16 


Cosec. 


CoBme 


Parts 


0*498524 
0-498335 
0*498146 
0-497958 
0-497769 
0*497581 

0-497393 
0*497204 

0*497016 

0*496828 

0*496640 


0*496452  9 

0*496265  9 

0*496077  9 

0*495890  9 

0*495702  9 

0-495515  9 
0-495327  9 

0-49  5 '40  p9 
9 
9 


0-494953 
0*494766 


0-494579 
0-494392 

0*494206 

0*494019 

0*493832 

0*493646 

0-493459 
0-493273 

0*493087 

0*492901 


0*492715 
0*492529 
0*492343 
0*492157 
0*491972 

0*491786 
0-491600 
0*491415 
0*491230 
0*491044 


0*490859 
0*490674 
0*490489 
0*490304 
0*490120 

0*489935 
0*489750 
0-489566 
0*489381 
0*489197 


0*489013 
0*488828 
0*488644 
0*488460 
0*488276 

0*488093 
0*487909 
0*487725 
0*487542 
0*487358 


Secant 


Tangent 


524520 
524730 
524940 

5*5H9 

5*5359 
525568 

525778 
525987 
526197 
526406 
526615 


1 
2 
3 

4 
o 

6 

7 

8 

9 

10 


526824 
527033 
527242 

5»745> 
527660 

527868 
528077 
528285 
528494 
528702 


11 
12 
13 
14 
15 

16 
17 


528910 
529119 
529327 

5*9535 
5*9743 
529951 

530158 
530366 

530574 
530781 


530989 
531196 

53H03 
531611 

53x818 

532025 
532232 

53*439 
532646 

53*853 


533059 
533266 

53347* 
533679 
533885 

534092 
534298 

534504 
534710 
534916 


535122 
535328 

535534 

535739 

535945 

536150 

536356 
536561 

536767 
536972 


Cotang. 


Parts 


It 


7 

21 

28 

35 
42 

49 
56 
63 
70 

77 

84 

90 

97 
X04 

III 
118 

18  125 

19  132 

20  139 

21  146 

22  153 

23  160 

24  167 

25  174 

26  181 

27  188 
28195 

29  202 

30  209 


1 
2 
3 

4 
5 

6 

7 
8 
9 
0 


7 

21 
28 

34 

41 
48 

W 

69 

76 

83 
89 

96 

X03 

110 
117 

8  124 

9  X31 

20  138 

21  144 

22  151 

23  158 

24  165 

25  172 

96  178 
27  186 
28193 

29  200 

30  206 


Cotang. 


10*475480 
10*475270 
10*475060 

10-474851 
10*474641 

10*47443* 
10*474222 
10*4740x3 
10*473803 

10-473594 
10-473385 


10*473176 
10*472967 
10*472758 
10*472549 
10*472340 

10*472132 
10*47x923 
10*471715 
10*471506 
10*471298 


10*471090 
10*470881 
10*470673 
10*470465 
10*470257 

10*470049 
10*469842 
10*469634 
10*469426 
10*469219 


10*469011 
10*468804 
10*468597 
10*468389 
10*468182 

10*467975 
10*467768 
10*467561 
10-467354 
10*467147 


10*466941 
10*466734 
10*466528 
10*466321 
10*466115 

10*465908 
10*465702 
10*465496 
10*465290 
10*465084 


Parts 
7F" 


10*464878 
10*464672 
10*464466 
10*464261 
10*464055 

10*463850 
10*463644 
10*463439 
10*463233 
10*463028 


Secant 


10*023043 
10-023065 
10*023086 
10*023107 
10*023128 
10*023149 

10*023170 
10*023x92 
10*023213 
10*023234 
10*023255 


10*023277 
10*023298 
10*023319 
10*023340 
10*023362 

10-023383 
10*023404 
10*023426 
10*023447 
10*023468 


10*023490 
10*023511 
10*023532 
10*023554 
10*023575 

10*023596 
10*023618 
10*023639 
10*023661 
10*023682 


10*023704 
10*023725 
10*023746 
10-023768 
10-023789 

10*023811 
10*023832 
10*023854 
10*023875 
10*023897 


10-023919 
10*023940 
10*023962 
10*023983 
10*024005 

10*024026 
10*024048 
10*024070 
10*024091 
10*024113 


10*024135 
10*024x56 
10*024178 
10*024200 
10*024221 

10*024243 
10*024265 
10*024286 
10*024308 
10*024330 


Tangent  I  Cosec. 


Parts 


1" 

2 

3 

4 
5 

6 
7 
8 
9 
0 

1 
2 
3 

4 
5 

6 
7 
8 
9 
20 

21 
22 
23 
24 
25 

26 
27 

28  20 

29  21 
3021 


1 
2 
3 

4 
5 

6 
7 
8 
9 
0 

1 
2 
3 
4 
5 

6 
7 
8 
9 
20 

21 
22 
23 
24 
25 


26 
27 
38  20 
2921 
30  22 


Parts 


Cosine 


9*976957 
9*976935 
9*976914 
9-976893 
9*976872 
9*976851 

9*976830 
9*976808 
9*976787 
9*976766 

9-976745 


9*9767*3 
9*976702 

9-976681 

9*976660 

9976638 

9*976617 

9*976596 
9*976574 

9*976553 
9-976532 


9*976510 

9*976489 
9*976468 

9*976446 
9-976425 

9976404 
9*976382 
9*976361 
9.976339 
9*976318 


9*976296 

9*976275 
9*976254 
9.976232 
9*976211 

9*976189 
9*976168 
9*976146 
9*976125 
9*976x03 


9*976081 
9-976060 
9*976038 
9-976017 

9*975995 

9*975974 
9*975952 

9.975930 

9.975909 

9*975887 


9*975865 

9*975844 
9*975822 

9*975800 
9*975779 
9*975757 
9*975735 
9-975714 
9-975692 

9*975670 


Sine 


46 

58 
56 
M 
52 
50 

48 
46 
44 
42 
40 

38 
36 
34 
32 
30 

28 
26 
24 
22 
20 

18 
16 
14 
12 
10 

8 
6 

4 
2 
AS 
58 
56 
54 
5*2 
50 

48 
46 
44 
42 
40 

38 
86 
34 
32 
80 

98 
26 
24 
92 
20 

18 
16 
14 
12 
10 

8 
6 

4 
2 
0 


/  1 1 

30"* 
30 

29 

30 

28 

30 

27 

30 

26 

90 
25 

30 

24 
so 
23 

80 

22 

30 

21 

80 
20 

30 

19 

30 

18 

30 
80 

16 

80 
16 

30 

14 

30 

13 

30 
12 

80 
11 

80 
10 

80 

9 

80 

8 

30 

7 

80 

6 

80 
6 

80 

4 

80 

3 

80 

2 

30 
1 

80 
0 

/// 


4h  44111 


730 


TABLE  68 


LOG.  SINES,  COSINES,  Ike 

1"   I6'«                                                     19° 

/  // 
0 

xn. 

0 

Sine 

Parts 

Cosec. 

Tan§^t 

Parts 

Cotanj^. 

Secant 

Parts 

Coane 

^"' 

9-512642 

10*487358 

9*536972 

10*463028 

xo-024330 

9*975670 

M,60  1 

30 

2 

9-512825 

1"    6 

10-487175 

9*537177 

1"    7 

10*462823 

10-024352 

l"i 

9*975648 

58 

80 

1 

4 

9-513009 

2    12 

10*486991 

9-537382 

2    14 

10*462618 

10-024373 

2    1 

9975627 

56 

69 

30 

0 

9-513192 

3    18 

10-486808 

9*537587 

8    20 

10-462413 

10-024395 

3    2 

9-975605 

54 

88 

2 

8 

9*513375 

4     24 

10*486625 

9*53779* 

4    27 

10*462208 

10*024417 

♦   3 

9*975583 

82 

M 

30 

10 

9-5»3558 

5     30 

10*486442 

9*537997 

5    34 

10-462003 

10-024439 

fi  4 

9*975561 

SO 

80 

3 

12 

9'5»374i 

6    36 

10*486259 

9*538202 

6    41 

xo*46i798 

10*02446  x 

6  4 

9*975539 

48 

67 

30 

14 

9-513924 

7    43 

10-486076 

9*538406 

7    48 

X0-461594 

10-024482 

^   1 

9*9755  "8 

40 

80 

4 

16 

9-514107 

8    49 

xo-485893 

9*538611 

8    54 

xo*46x389 

10*024504 

8   6 

9*975496 

44 

66 

80 

18 

9-514289 

9    55 

10-48571 X 

9-5388x6 

9    6x 

10-46x184 

10*024526 

9  7 

9*975474 

42 

30 

5 
30 

20 
32 

9-514472 

10  61 

11  67 

10-485528 

9*539020 

10    68 
"    75 

10*460980 

10*024548 

10  7 

11  8 

9*975452 

40 

88 

66 

80 

9-514655 

10-485345 

9*539224 

10*460776 

10*024570 

9*975430 

6 

24 

9-514837 

12    73 

10-485163 

9*539429 

12    82 

10*460571 

10*024592 

12  9 

9-975408 

86 

64 

30 

26 

9-515019 

13    79 

10-484981 

9*539633 

13    88 

10*460367 

10*024614 

IS    9 

9*975386 

84 

80 

7 

28 

9*515202 

14    85 

10-484798 

9*539837 

14    95 

10*460163 

10*024635 

14  10 

9*975365 

32 

63 

30 

30 

9*515384 

15    91 

10*484616 

9*540041 

15  102 

'0-459959 

10-024657 

15X1 

9*975343 

80 

80 

8 

32 

9-515566 

16    97 

10*484434 

9*540245 

16  109 

10*459755 

10*024679 

16X2 

9*975321 

28 

62 

80 

34 

9*515748 

17  103 

10-484252 

9-540449 

17  X16 

10*45955' 

10*024701 

17X2 

9*975*99 

26 

80 

9 

36 

9*515930 

18  109 

10-484070 

9-540653 

18  122 

10*459347 

10*024723 

18x3 

9*975277 

24 

61 

80 

88 

9-516112 

19  115 

10-483888 

9*540857 

19  129 

10*459143 

10*024745 

19x4 

9*975255 

22 

86 

10 
30 

40 
42 

9-516294 

20  121 

21  127 

10-483706 

9*541061 

20  136 
21143 

10-458939 

10-024767 

20x5 
21x5 

9*975233 

20 

50 

9-516475 

10-483525 

9-54x264 

10-458736 

10*024789 

9*975211 

30 

11 

44 

9-516657 

22  134 

10-483343 

9-541468 

22  150 

10*458532 

10*024811 

22x6 

9*975189 

49 

80 

46 

9-516838 

23  140 

10*483162 

9-541671 

23  156 

10-458329 

10*024833 

23x7 

9*975x67 

80 

12 

48 

9-517020 

24  146 

10*482980 

9-541875 

24  163 

10-458125 

10*024855 

24x8 

9*  975145 

48 

80 

60 

9-517201 

25  152 

10-482799 

9-542078 

25  170 

10-457922 

10-024877 

25x8 

9-975123 

30 

13 

52 

9-517382 

26  158 

10*482618 

9*542281 

26177 

10-457719 

10-024899 

26x9 

9-975101 

47 

30 

54 

9-517564 

27  164 

10*482436 

9*542485 

27  184 

"•457515 

10-024921 

2720 

9-975079 

80 

14 

66 

9*517745 

28  170 

10-482255 

9-542688 

28  X90 

10-457312 

10-024943 

28  20 

9-975057 

46 

30 

58 

9-517926 

29  176 

10-482074 

9-542891 

29197 

10-457109 

10-024965 

292X 

9*975035 

30 

16 

80 

2 

9-518107 

30  182 

10*481893 

9*543094 

30  204 

10*456906 

10-024987 

30  22 

9-975013 

ftS 
68 

46 

80 

9-518287 

1       6 

10-481713 

9*543297 

1       7 

10-456703 

10*025009 

1     X 

9-974991 

16 

4 

9*518468 

9    12 

10-481532 

9*543499 

2    13 

10*456501 

10-025031 

2    X 

9*974969 

56 

44 

80 

6 

9-518649 

8     18 

10-481351 

9-543702 

8    20 

10*456298 

10-025053 

3    2 

9*974947 

54 

30 

17 

8 

9*518829 

4    24 

10*481171 

9-543905 

4    27 

10-456095 

10*025075 

*   3 

9-974925 

S2 

43 

80 

10 

9*519010 

5    30 

10*480990 

9*544107 

5    34 

10*455893 

10*025098 

5  4 

9*974903 

50 

80 

18 

12 

9*519190 

6    36 

10*480810 

9*544310 

6    40 

10-455690 

10*025120 

«  4 

9*974880 

48 

42 

to 

14 

9*519371 

7    4» 

10*480629 

9*5445" 

7    47 

xo-45  5488 

10*025142 

^   1 

9-974858 

46 

80 

19 

16 

9*5»955i 

8    48 

10*480449 

9*544715 

8    54 

10*455285 

10-025164 

8   6 

9-974836 

44 

41 

30 

18 

9-519731 

9    54 

10-480269 

9*5449»7 

9    6x 

10*455083 

10*025186 

9  7 

9*974814 

42 

80 

20 

30 

20 
22 

9-519911 

10  60 

11  66 

10*480089 

9"545"9 

10  67 

11  74 

10*454881 

10*025208 

10  7 

11  8 

9-974792 

46 

88 

40 

9- 52009 X 

10-479909 

9-545322 

10*454678 

10*025230 

9*974770 

80 

21 

14 

9-520271 

12    72 

10*479729 

9*5455H 

12    8x 

10*454476 

10*025252 

12  9 

9*974748 

86 

39 

80 

26 

9*520451 

13    78 

10-479549 

9-545726 

13    87 

X0454274 

10*025275 

13  10 

9*974725 

84 

80 

22 

28 

9-520631 

14    84 

10*479369 

9*545928 

14    94 

10-454072 

10-025297 

14  xo 

9*974703 

82 

38 

80 

80 

9-520810 

15    90 

10*479190 

9-546129 

15  loi 

10-453871 

10-025319 

15  XX 

9*97468  X 

90 

80 

23 

82 

9-520990 

16    96 

10*479010 

9*546331 

16  X08 

10-453669 

10-025341 

16 12 

9*974659 

28 

S7 

80 

34 

9-521169 

17  102 

10*478831 

9*546533 

17  XI4 

10*453467 

10*025364 

1713 

9*974636 

28 

80 

24 

36 

9-521349 

18  108 

10*478651 

9*546735 

18  121 

10*453265 

10*025386 

18  13 

9*974614 

M 

86 

80 

88 

9-521528 

19  X14 

10*478472 

9*546936 

19  128 

10*453064 

10-025408 

19X4 

9*974592 

28 

80 

2ft 

30 

40 
42 

9-521707 

20  120 

21  126 

10-478293 

9-547138 

20  135 

21  141 

10*452862 

10-025430 

20x5 
21x6 

9*974570 

28 
18 

36 

9-521887 

10*478113 

9*547339 

10*452661 

10*025453 

9*974547 

80 

26 

44 

9*522066 

22  132 

10*477934 

9*547540 

22  148 

10-452460 

10-025475 

22x6 

9*974525 

16 

34 

30 

40 

9-522245 

23  138 

10-477755 

9*547742 

23155 

10*452258 

10-025497 

23x7 

9*974503 

U 

80 

27 

48 

9-522424 

24  144 

10-477576 

9*547943 

24  162 

10*452057 

10-0255x9 

24x8 

9-97448  X 

U 

S3 

30 

50 

9-522602 

25  150 

10-477398 

9*548144 

25  168 

10*45x856 

10-025542 

25x8 

9974458 

18 

86 

2li 

32 

9*522781 

26  156 

10-477219 

9*548345 

26175 

10-451655 

10-025564 

2619 

9.974436 

» 

SI) 

54 

9*522960 

27  162 

10-477040 

9*548546 

27  182 

10-451454 

10*025586 

2720 

9*9744x4 

80 

29 

SO 

9-5*3138 

28  168 

10-476862 

9*548747 

28  188 

10-45x253 

10*025609 

282X 

9*974391 

31 

33 

58 

9*5*3317 

'i9i74 

10-476683 

9*548948 

29195 

10-451052 

10-025631 

292X 

9*974369 

80 

30 

18 

9*5»3495 

30  180 

10-476505 

9*549149 

30  202 

10-450851 

10*025653 

30  22 

9*974347 

30  1 

f  // 

m. 

a. 

Cosine 

FmrU 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

H"'! 

70°                                                     4»»  42'»       j 

TABLr^  68 


731 


LOG.  SINES,  COSINES,  &c. 

Ik   18"                                                          19° 

/// 
30 

ft 

Sine 

Parts 

Coaec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

/// 
30 

0 

9'5»34-95 

10-476505 

9-549149 

10*450851 

10*025653 

9*974347 

42 

30 

2 

9-523674 

1"    6 

10-476326 

9*549349 

1"    7 

10-450651 

10*025676 

l"i 

9*974324 

58 

30 

31 

4 

9-523852 

2    12 

10*476148 

9*549550 

2     13 

10-450450 

10-025698 

2   1 

9974302 

56 

29 

30 

6 

9-524030 

3    18 

10-475970 

9*54975" 

3    20 

10-450249 

10*025721 

3   2 

9*974*79 

54 

so 

32 

8 

9-524208 

4    24 

10-475792 

9*549951 

4    27 

10*450049 

10-025743 

*  3 

9-974257 

52 

26 

80 

10 

9-524386 

5    30 

10-4756x4 

9-550152 

6     33 

xo-449848 

10-025765 

5  4 

9-974235 

50 

30 

33 

12 

9' 524564 

6    35 

10-475436 

9-550352 

6   40 

10*449648 

10-025788 

6  4 

9*974212 

48 

27 

30 

14 

9-524742 

7    41 

10-475258 

9-550552 

7    47 

10-44944.8 

10-0258x0 

7   5 

9-974190 

46 

30 

34 

M 

9-524920 

8    47 

10-475080 

9-550752 

8    53 

10-449248 

10-025833 

8  6 

9-974167 

44 

26 

30 

18 

9*5*5097 

9    53 

10-474903 

9-550952 

9    60 

10*449048 

10-025855 

9   7 

9*974"45 

42 

30 

3ft 

SO 

22 

9'5»5a75 

10  59 

11  65 

10-474725 

9*55"53 

10  66 

11  73 

X  0*448  847 

10-025878 

10  7 

11  8 

9-974122 

40 

88 

25 

80 

30 

9-525452 

10-474548 

9*55"353 

10-448647 

10*025900 

9-974100 

3ft 

24 

9-525630 

12    71 

10-474370 

9*55»55* 

12    80 

10*448448 

xo-025923 

12   9 

9*974077 

36 

24 

30 

20 

9-525807 

13    77 

10-474I93 

9*55175* 

13    86 

10-448248 

10-025945 

13  10 

9974055 

34 

30 

37 

28 

9-525984 

14    83 

10-474016 

9*55«95* 

14    93 

10*448048 

10*025968 

14  10 

9-974032 

32 

23 

ao 

30 

9-526162 

15    89 

10*473838 

9-552152 

15    98 

10-447848 

10*025990 

15  11 

9-974010 

30 

30 

38 

32 

9-526339 

16    94 

10-473661 

9-55235X 

16  106 

10-447649 

10-026013 

16  12 

9*973987 

28 

22 

30 

34 

9*526516 

17  100 

10-473484 

9*55*551 

17  113 

10-447449 

10-026035 

1713 

9*973965 

20 

30 

39 

36 

9-526693 

18  106 

10*473307 

9-552750 

18  120 

10-447250 

10-026058 

18  13 

9-97394* 

24 

21 

30 

38 

9*526870 

19  112 

10*473x30 

9*552950 

19  126 

10-447050 

10*026080 

1914 

9-973920 

22 

30 

40 

40 
48 

9-527046 

20  118 

21  124 

10*472954 

9*553149 

20  133 

21  140 

10-446851 

10-026103 

20  15 

21  16 

9*973897 

20 

18 

20 

30 

so 

9-527223 

10-472777 

9*553348 

10-446652 

XO-026126 

9*973875 

41 

44 

9-527400 

22  130 

10*472600 

9*553548 

22  146 

10446452 

10-026148 

22  16 

9973852 

16 

19 

•ao 

40 

9-527576 

23  X36 

10-472424 

9*553747 

23X53 

10-446253 

xo-026171 

23  17 

9*9738*9 

14 

30 

42 

48 

9*5*7753 

24  14* 

10-472247 

9*553946 

24  160 

10*44.6054 

10-026193 

24  18 

9*973807 

12 

18 

30 

50 

9-527929 

25  148 

10-472071 

9*554H5 

25  166 

"0-445855 

10-026216 

2519 

9*973784 

10 

30 

43 

n 

9-528105 

^m 

10-471895 

9*554344 

26  173 

10-445656 

10-026239 

2619 

9*973761 

8 

*7 

so 

M 

9*528282 

^  »59 

10-471718 

9*554543 

27  x8o 

"0-445457 

10-026261 

2720 

9*973739 

6 

30 

44 

88 

9*528458 

28  165 

10*471542 

9*55474" 

28  186 

10-445259 

10-026284 

2821 

9*973716 

4 

16 

30 

08 

9-528634 

29  171 

10*471366 

9*554940 

29193 

10-445060 

10-026307 

2922 

9*973694 

2 

30 

46 

19 

2 

9-528810 

30177 

10*471190 

9*555"39 

80  199 

10*444.861 

10-026329 

30  22 

9-973671 

58 

16 

30 

30 

9*528986 

1      6 

10-471014 

9*555337 

I      7 

10-444663 

10*026352 

1  I 

9*973648 

46 

4 

9*529161 

2    12 

10-470839 

9*555536 

2    13 

"0*444464 

10*026375 

2   2 

9*9736*5 

56 

14 

80 

6 

9*5*9337 

3    17 

10-470663 

9*555734 

3    20 

10*444266 

10*026397 

3   2 

9-973603 

54 

30 

47 

8 

9*  5*95 » 3 

4    23 

10-470487 

9*555933 

4    26 

10*44^67 

10-026420 

*   3 

9*973580 

52 

13 

80 

18 

9*529688 

6    29 

10*470312 

9-556131 

5    33 

10*443869 

10-026443 

fi  4 

9*973557 

50 

30 

48 

12 

9*529864 

«    35 

10*470136 

9-556329 

6    40 

10-443671 

10*026465 

6   5 

9*973535 

48 

12 

80 

14 

9-530039 

7    41 

10*469961 

9*5565*7 

7    46 

10-443473 

10-026488 

I   1 

9*9735"* 

48 

80 

49 

16 

9*5302x5 

8    47 

10-469785 

9*5567*5 

8    53 

10*443275 

10*026511 

8   6 

9*973489 

44 

11 

30 

18 

9-530390 

9    52 

10*469610 

9*5569*3 

9    }9 
10    66 

U    72 

10-443077 

10*026534 

9   7 

9-973466 

42 

30 

60 

20 

22 

9*530565 

10  58 

11  64 

10-469435 

9-557121 

xo-4^2879 

10*026556 

10  8 

11  8 

9*973444 

40 

38 

10 

80 

30 

9-530740 

10-469260 

9*557319 

10-442681 

xo-026579 

9*9734*" 

61 

24 

9'5309'5 

12    70 

10-469085 

9*5575"7 

12    79 

10-442483 

10*026602 

12   9 

9*973398 

36 

0 

30 

20 

9-531090 

13    76 

10-4689x0 

9*557715 

13    86 

10*442285 

10*026625 

13  10 

9*973375 

34 

80 

62 

28 

9-531265 

14    81 

10-468735 

9*5579"3 

14    92 

xo-442087 

10-026648 

14  10 

9*97335* 

32 

8 

80 

30 

9-531440 

15    87 

10*468560 

9-558110 

15    99 

10-441890 

10*026671 

15  11 

9-973330 

30 

30 

63 

32 

9-531614 

16    93 

xo-468386 

9-558308 

16  105 

10-441692 

10-026693 

16  12 

9-973307 

28 

7 

30 

34 

9-531789 

17    99 

10-4682 1 1 

9-558505 

17  112 

10-441495 

10-026716 

1713 

9-973*84 

26 

80 

64 

38 

9-531963 

18  105 

10*468037 

9-558703 

18  119 

XO-441297 

10*026739 

18  14 

9-973*61 

24 

6 

30 

38 

9-532138 

19  III 

xo*467862 

9-558900 

19  125 

xo'44Xxoo 

10-026762 

1914 

9*973*38 

22 

30 

66 

40 
42 

9-532312 

20  117 

21  123 

xo'467688 

9-559097 

20  132 

21  X38 

10*440903 

10-026785 

20  15 

21  16 

9*973*"5 

20 
18 

6 

30 

9-532487 

IO-4675I3 

9-559294 

xo-440706 

10*026808 

9*973  "9* 

30 

56 

41 

9-532661 

22  128 

10-467339 

9*55949" 

22  145 

10-440509 

10-026831 

2217 

9-973169 

16 

4 

30 

40 

9*53*835 

23  134 

10*467165 

9-559688 

23  152 

10-440312 

10*026854 

23  17 

9*973  "46 

14 

30 

47 

48 

9-533009 

24  140 

10*466991 

9*559885 

24  158 

10*440115 

10-026876 

24  18 

9*973"*4 

12 

3 

30 

50 

9*533183 

25  146 

10*466817 

9-560082 

25  165 

10*439918 

10-026899 

2519 

9-973101 

10 

30 

66 

52 

9*533357 

26  152 

10*466643 

9-560279 

26  171 

10-439721 

10*026922 

26  20 

9.973078 

8 

2 

30 

54 

9'53353« 

27  158 

10*466469 

9-560476 

27  178 

xo-439524 

10*026945 

27  21 

9*973055 

6 

80 

69 

SO 

9*533704 

28  164 

10-466296 

9*560673 

28  185 

10-439327 

10*026968 

2821 

9-973032 

4 

1 

30 

58 

9-533878 

29  169 

xo'466122 

9*560869 

29  191 

10-439131 

10*026991 

29  22 

9-973009 

2 

30 

60 

ao 

9- 5 -540  52 

30  175 

10-465948 

9*561066 

30  198 

10*438934 

10*027014 

30  23 

9*972986 

0 

0 

/  // 

m. 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 



Cosec. 

Parts 

Sine 

m. 

•• 

/// 

1                                                                          70°                                                      4''  40" 

) 

732 


TABLE  68 


LOG.  SINES,  COSINES,  &c. 

P  20™                                                        20° 

/// 

m. 

Sine 

Parts 

Cosec. 

Tangent 

Pluii 

Cotang. 

Secant 

Parts 

Cosine 

%. 

/// 

0 

0 

9-534052 

10*465948 

9*561066 

10-438934 

10*0270x4 

^•972986 

«o 

60 

30 

2 

9-534225 

1"    6 

10-465775 

9-56x262 

1"    7 

10-438738 

10*027037 

l"x 

9*974963 

58 

30 

1 

4 

9*534399 

a    XI 

10-465601 

9-56x459 

2     13 

10-438541 

10-027060 

2  2 

9*972940 

56 

69 

30 

6 

9-534574 

3     17 

xo*465428 

9-561655 

3    20 

10*438345 

10*027083 

3    2 

9-972917 

54 

ao 

2 

8 

9-534745 

4    23 

10-465255 

9*561851 

4    26 
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30  166 

10-445671 

9-584177 

30  190 

10-415823 

10*029848 

30  24 

9-970152 

0 

0 

t  It 

m. 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts      Sine    Jm. 

/  // 

w                                    4"  se™     i 

734 


TABLE  68 


LOG.  SINES,  COSINES,  &c. 


V'  24 


ni 


2r 


o" 

:w 
1 

30 

2 

30 

3 

30 

4 

30 
ft 

30 

0 

30 

7 

30 

8 

30 
» 
30 
10 

30 
II 
30 

12 

30 

13 

30 

U 

30 

15 

30 

IG 

30 

17 

30 

18 

30 

Hi 

311 

20 

:{o 
21 

311 

22 

311 

23 

311 

21 

30 

2-» 


311 

2G 

30 

27 

30 

28 

30 

29 

30 

30 


0 

4 

6 

8 

10 

1-2 
N 
16 
IS 
*20 

Ti 
*l 
40 
•28 

.10 

3*2 
34 
30 
38 
40 

41 
44 
40 
48 
50 

i'i 
54 

50 

58 

as 

*2 
4 
6 
8 
10 

1*2 
14 
10 
18 
t» 

Tl 
•24 

«n 

•28 

an 

.•« 

34 
30 
38 
40 

4-2 

44 
40 
48 
50 

5-2 
54 
50 
58 
26 


Sine 


r5543a9 
9*554494 

9*554658 
9-554822 

9-5549«7 
9*555»5' 

9'5553»5 

9*555479 

9*555643 
9-555807 

9*555971 


9*556135 
9-556299 

9-556462 

9-556626 

9556789 

9*556953 
9*557116 
9-557280 

9*557443 
9-557606 


9*557769 

9*557931 
9-558095 

9*558258 

9-558421 

9-558583 
9-558746 

9-558909 

9-559071 

9*559*34 


9*559396 
9*559558 
9-559721 

9*559883 
9-560045 

9-560207 
9*560369 

9*560531 
9-560693 
9*560855 
9*561016 
9*561178 
9-561339 
9*561501 
9*561662 

9*561824 
9-561985 
9*562146 
9-562307 
9-562468 


Parts 


1 
2 
3 

4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 

17 
18 


// 


5 
If 

16 

22 

27 

33 
38 
44 
49 
54 
60 

65 

71 
76 
82 

87 
93 
98 


19  104 

20  109 

21  115 

22  120 

23  126 

24  131 

25  137 

26  142 

27  147 

28  153 

29  158 

30  163 


I 

9 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 

17 
18 


5 

II 

16 
22 

*7 

32 

38 

43 
♦8 

54 

59 

65 

70 

75 
81 

86 

9» 
97 


9-562629 
9*562790 
9-562951 
9-563112 

9*563*73 

9563433 

9*563594 

9*563755 
9*563915 

9*564075 


10  102 

20  108 

21  113 

22  119 

23  124 

24  129 

25  135 

26  140 

27  145 

28  151 

29  156 

30  16] 


Cosec. 


Cosine 


10-445671 
10*445506 
10-445342 
10-445178 
10-445013 
10*444849 

10-444685 
10-444521 
10-444357 
10-444193 
10-444029 


10-443865 
10-443701 
10-443538 

'0-443374 
10*4432x1 

10-443047 
10-442884 
10*442720 
10-442557 
10*442394 


10-442231 
10*442068 
10*441905 
10*441742 
10*441579 

10-441417 
10-441254 
10*441091 
10-440929 
10-440766 


10*440604 
10-440442 
10-440279 
10-4401 17 

10*439955 

»o*439793 
10*439631 

10*439469 

10-439307 

'0'439»45 


Parts 


10*438984 
10*438822 
10-438661 
10-438499 
10-438338 

10-438176 
10*438015 
10-437854 
10*437693 

10-43753* 


Tangent 


9*584177 
9-584366 

9*584555 

9*584744 

9*58493* 
9-585121 

9*585309 
9-585498 

9*585686 

9-585874 

9-586062 


Parts 


9*586251 
9*586439 
9-586627 
9*586815 
9*587003 

9*587190 
9*587378 
9-587566 

9*587754 
9-587941 


9*588129 
9-5883J6 

9*588504 
9-588691 

9*588878 

9-589066 
9-589253 
9-589440 
9*589627 
9*589814 


9*590001 
9-590188 

9*590375 
9*590562 

9*590748 

9*590935 
9*591122 

9*591308 

9*591495 
9*591681 


10-437371 
10-437210 
10-437049 
10-436888 
10-436727 

10*436567 
10*436406 
10-436245 
10-436085 
10*435925 


Secant 


9*591867 
9-592054 
9*592240 
9*592426 
9*592612 

9*59*799 
9-592985 

9*593171 

9*593356 
9-593542 


9*5937*8 

9*593914 
9*594099 

9*594*85 
9*594471 

9*594656 
9-594842 
9-595027 
9-595212 
9*595398 


// 


6 

>3 

»9 
*5 
31 
38 
44 


2 
.3 

4 
5 

6 

7 


50 
56 
63 
69 

75 
81 

88 

94 

100 

X06 

8  X13 

9  119 
20  125 

131 

22  138 

23  144 

24  150 

25  156 

26  163 

27  169 

28  175 

29  182 

30  188 


6 
12 

19 

*5 
31 

37 
43 
50 
56 
62 

68 

74 
81 

87 
93 

99 

17  105 

18  X12 

19  X18 

20  124 

21  130 

22  136 

23  143 

24  149 

25  155 

26  161 

27  167 

28  174 

29  x8o 

30  186 


1 

2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 


Cotang. 


Cotang. 


10*415823 
10*4x5634 
10-415445 
10*415256 
10*415068 
10-4x4879 

xo-414691 
10*414502 
10-4143 14 
10-414126 
10-413938 


Secant 


XO-4I3749 
10-4x3561 

10-413373 
XO-413185 

10-4x2997 
10*4128x0 

XO*4I2622 
10-4x2434 
10-412246 
10-412059 


10*4x1871 
10*4x1684 
10*411496 
10*4x1309 
10*411122 

10*410934 

iw*4 10747 
10*410560 
10*410373 
10*410186 


10*409999 
10*409812 
10*409625 
10*409438 
10*409252 

10*409065 
10*408878 
10*408692 
10-408505 
10-408319 


10*408 1 32 
10*407946 
10-407760 
10-407574 
10-407388 

10-407201 
10*407015 
10*406829 
10*406644 
10*406458 


10*029848 
10*029873 
10-029897 
10-02992 X 
10*029945 
10-029970 

10-029994 
10*030018 
10*030043 
10-030067 
10*030091 


10-030116 
10*030140 
10-030164 
10-030189 
10-030213 

10*030238 
10*030262 
10*030286 
10*030311 
10*030335 


Parts 


X 

2 
2 

3 
4 

5 
6 

7 

7 
8 


10*030360 
10*030384 
10-030409 
10-030433 
10*030458 

10-030482 

10*030507 
10-030531 
10*030556 
10*030580 


10*030605 
10*030630 
10*030654 
10*030679 
10*030703 

10*030728 
10-030753 
10*030777 
10-030802 
10*030827 


Parti 
"68°" 


10*406272 
10*406086 
10*405901 
10*405715 
10-405529 

10-405344 
10-405158 
10-404973 
X  0-4047  8  8 
10*404602 


10*030851 
10*030876 
10*030901 
10*030925 
10*030950 

10*030975 
10*03 1000 
10*03x024 
10*031049 
10*03  '074 


Tangent 


10*031099 
10*031123 
10-031148 
10-031173 
10*031198 

10*031223 
10-031248 
10-031272 
10-031297 
10-031322 


1 
2 
3 

4 
6 

6 
7 
8 
9 
10 

11  9 
1210 
13  11 
Uix 

15  12 

16  13 

1714 
18  15 
1915 

20  16 

21  17 

2218 

23  19 

24  19 

25  20 

2621 
27  22 
2823 
2923 
30  24 


9-970152 
9*970127 
9-970103 
9*970079 
9970055 
9-970030 

9*970006 
9*969982 
9*969957 
9-969933 
9*969909 


I 

2 
2 

3 
4 

5 
6 


Cosec. 


1 
2 
3 

4 
5 

6 
7 
8 
9 
10 

11  9 

12  xo 

13  II 
14X1 
15X2 

16x3 
1714 

18  15 

19  16 
20x6 

21  17 
2218 

23  19 

24  20 

25  20 

2621 
27  22 
2823 
2924 
30  25 

Parts 


Cosine 


9*969884 
9-969860 
9*969836 
9*969811 
9969787 

9*969762 
9-969738 
•969714 
9*969689 
9-969665 


9-969640 
9-969616 
9*969591 
9-969567 

9*969 54a 
9*969518 
9*969493 
9-969469 

9*969444 
9-969420 


9-969395 
9969370 
9-969346 
9*969321 
9969297 

9*969272 

9*969*47 
7  9-969223 

7  9-969198 

8  9*969173 


9*969149 
9*969124 
9*969099 
9*969075 
9*969050 

9*969025 
9*969000 
9*968976 
9*968951 
9*968926 


.1/  " 


9*968901 

9*968877 
9*968852 
9-968827 
9-968802 

9-968777 
9-968752 

9-968728 

9-968703 

9*968678 


58 
56 
54 
Sft 
S» 

48 
40 
44 
*t 
40 

38 
30 
11 

n 

30 
** 

14 
«t 

to 

18 
10 
14 
l« 
10 

8 
6 

4 
4 


58 
50 

54 
5t 
50 

48 
40 
44 
4S 
41 


34 
3t 


Sine 


..II 
•It 

'>7 

311 

54 

30 

53 

30 

52 

30 
51 

30 


49 

m 

48 

30 

47 

-lit 

41. 
30 

45 


44 

90 

43 

30 

42 

ae 
41 

ae 
40 


39 

all 
38 


to 

37 

to 

ao 

« 

3G 

tt 

ao 

to 

3o 

18 

30 

10 
U 

34 

an 

II 

10 

8 
6 

4 
t 
0 


33 

:.o 

32 

31 

31 

30 
SO 

'I 


:/  // 


4«'  34"» 


TABLE 

08 

7S6 

LOG.  SINES,  COSINES,  &c. 

l»»  26™                                                    21° 

/  // 

Sine 

P^fftB 

Cooec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

■. 

.  "/ 

so 

0 

9-564075 

10*435925 

9595398 

10*404602 

10-031322 

9*968678 

34 

30 

30 

s 

9"  564236 

•  1"    5 

10*435764 

9*595583 

1"    6 

10*404417 

10031347 

l"i 

9*968653 

58 

30 

31 

4 

9-564396 

>   2    11 

10*435604 

9-595768 

2      X2 

10*404232 

10-031372 

2   2 

9*968628 

56 

20 

30 

0 

9-5645S« 

>  3    ]6 

10-435444 

9*595953 

3    x8 

10*404047 

10-031397 

3    3 

9*968603 

54 

30 

32 

8 

9-564716 

4    21 

10-435284 

9-596138 

4    *5 

10-403862 

10*031422 

4    3 

9*968578 

52 

28 

so 

10 

9-564876 

6    27 

10-435124 

9-596323 

5     31 

10*403677 

10*031447 

5   4 

9-968553 

59 

30 

33 

12 

9565036 

6    32 

10*434964 

9-596508 

6    37 

10*403492 

10-031472 

6    5 

9-968528 

48 

27 

so 

14 

9-565196 

7    37 

10*434804 

9*596693 

7    43 

10-403307 

10*031497 

7   6 

9*968503 

46 

30 

34 

16 

9*565356 

8    42 

10-434644 

9-596878 

8    49 

10*403122 

io'03X52i 

8    7 

9-968479 

44 

26 

so 

18 

9-565516 

9    48 

10-434484 

9-597062 

9    SS 

10*402938 

10-031546 

9   8 

9-968454 

42 

30 

35 
so 

SO 
S3 

9-565676 

10  53 

11  58 

10-434324 

9-597247 

10  6x 

11  68 

10-402753 

10-031571 

10  8 

11  9 

9*968429 

40 

38 

25 

30 

9-565835 

10-434165 

9-597432 

10*402568 

10-031596 

9-968404 

3H 

S4 

9*565995 

12    64 

10-434005 

9*597616 

12    74 

10-402384 

10*031621 

12  10 

9*968379 

36 

24 

so 

SO 

9-566154 

13    69 

10-433846 

9-597801 

13    80 

10*402199 

10*031646 

13  ij 

9-968354 

34 

30 

37 

ss 

9-566314 

14    74 

10-433686 

9*597985 

14    86 

10-4020x5 

io*o3i67x 

14X2 

9*968329 

3S 

23 

30 

30 

9-566473 

15    80 

10*433527 

9-598170 

16    92 

10-40x830 

10*031697 

15X2 

9*968303 

30 

30 

38 

32 

9-566632 

16    85 

10-433368 

9*598354 

16    98 

10-401646 

10-031722 

16x3 

9-968278 

S8 

29 

30 

S4 

9-566792 

17    90 

10-433208 

9*598538 

17  105 

xo -40x462 

10-031747 

1714 

9*968253 

86 

30 

39 

30 

9-566951 

18    96 

10-433049 

9*598722 

18  III 

10-401278 

10*031772 

18x5 

9-968228 

34 

2i 

30 

38 

9-567110 

19  loi 

10*432890 

9*598907 

19  117 

10-401093 

10*031797 

19x6 

9*968203 

22 

30 

40 
30 

40 
4S 

9-567269 

20  106 

21  112 

10-432731 

9*599091 

20  123 

21  129 

10*400909 

10*031822 

20x7 
21  17 

9-968178 

20 

18 

20 
30 

9-567428 

10-432572 

9*599*75 

10*400725 

10-031847 

9*968153 

41 

44 

9-567587 

22  117 

10-432413 

9*599459 

22135 

10*400541 

10*031872 

2218 

9*968128 

16 

10 

30 

40 

9-567746 

23  122 

10*432254 

9*599643 

23  141 

10*400357 

10*031897 

2319 

9*968103 

14 

30 

42 

48 

9-567904 

24  127 

10*432096 

9*599827 

24  148 

10*400173 

10-031922 

24  20 

9*968078 

IS 

18 

30 

50 

9-568063 

26,33 

10-431937 

9-60001 1 

25X54 

10-399989 

10*031947 

2521 

9*968053 

10 

80 

43 

32 

9*568222 

26  138 

10*431778 

9-600194 

26  x6o 

10-399806 

10*031973 

2622 

9*968027 

9 

17 

30 

M 

9-568380 

27  143 

10*431620 

9*600378 

27  166 

10-399622 

10*031998 

2722 

9-968002 

0 

3C 

41 

M 

9-568539 

28149 

10-43x461 

9*600562 

28  X72 

10*399438 

10*032023 

2823 

9-9679-77 

4 

16 

30 

98 

9-568697 

29154 

10-431303 

9-600745 

29  X78 

10*399255 

10*032048 

2924 

9*967952 

S 

30 

45 

30 

29 

9*568856 

30  159 

10-431x44 

9*600929 

80  184 

10*399071 

10*032073 

30  25 

9-967927 

58 

15 
30 

9-569014 

1      5 

10*430986 

9*601 1X2 

1       6 

xo-398888 

10*032099 

1    X 

9-967901 

40 

9-569172 

2    xo 

10-430828 

9*60X296 

9    12 

'0*398704 

10*032124 

2    2 

9*967876 

56 

14 

30 

9-569330 

8    16 

10*430670 

9-60x479 

8     18 

10-398521 

10-032149 

3    3 

9-967851 

54 

30 

47 

9-569488 

4     21 

10*430512 

9*60X663. 

4    *4 

10-398337 

10*032x74 

4    3 

9*967826 

52 

13 

30 

10 

9-569646 

5    26 

'0-430354 

9*60x846 

5    30 

10-398154 

10*032199 

5   4 

9-967801 

50 

30 

48 

It 

9-569804 

6    3, 

xo-430196 

9*602029 

6    37 

io*39797x 

10*032225 

6   5 

9-967775 

48 

12 

30 

14 

9*569962 

7    37 

10-430038 

9*602212 

7    43 

10-397788 

10*032250 

7   6 

9-967750 

46 

30 

49 

10 

9-570120 

8    42 

xo -4298  80 

9*602395 

8    49 

10-397605 

10-032275 

8   7 

9*967725 

44 

U 

30 

18 

9-570278 

»    47 

xo-429722 

9*602578 

9    55 

10*397422 

10*032301 

9   8 

9-967699 

42 

30 

50 

30 

SO 
SS 

9*570435 

10    52 

11   58 

10-429565 

9*60276 X 

10  6x 

11  67 

10-397239 

10-032326 

10  8 

11  9 

9-967674 

40 
38 

10 

30 

9*570593 

10-429407 

9*602944 

10-397056 

10*032351 

9967649 

51 

M 

9-570751 

12    63 

10-429249 

9*603x27 

12    73 

10*396873 

10*032376 

12x0 

9*967624 

36 

9 

30 

SO 

9-570908 

13    68 

10-429092 

9*603310 

13    79 

10-396690 

10*032402 

13X1 

9967598 

34 

30 

52 

S6 

9*571066 

14     73 

xo-428934 

9*603493 

14    85 

10-396507 

10-032427 

14  12 

9*967573 

32 

8 

30 

30 

9-571223 

15    79 

10-428777 

9-603675 

15    91 

10-396325 

10-032453 

16  13 

9*967547 

30 

80 

53 

3S 

9-571380 

16    84 

10-428620 

9*603858 

16    97 

10*396142 

10-032478 

16  14 

9-967522 

28 

7 

30 

34 

9*571537 

17    89 

10*428463 

9-60404X 

17  X04 

10*395959 

10-032503 

1714 

9*967497 

26 

80 

54 

36 

9-571695 

18    95 

10*428305 

9*604223 

18  xio 

10*395777 

10*032529 

1815 

9*967471 

24 

6 

30 

38 

9-571852 

19  100 

10-428148 

9-604406 

19  1x6 

'0*395594 

10*032554 

]9i6 

9-967446 

22 

30 

55 

30 

40 
4S 

9-572009 

90  105 
21  no 

10*42799  X 

9*604588 

20  X22 

21  X28 

10*395412 

10*032579 

20  17 

21  18 

9*967421 

20 
18 

5 

80 

9-572166 

xo-427834 

9-60477 X 

10*395229 

10-032605 

9*967395 

56 

44 

9-5713*3 
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10-427677 

9-604953 

22  X34 

10*395047 

10*032630 

2219 

9-967370 

16 

4 

so 

46 

9-572479 

23  X2I 

10-427521 

9-605135 

23  X40 

10*394865 

10-032656 

23  20 

9-967344 

14 

30 

57 

48 

9-572636 

24  T26 

10*427364 

9-6053x7 

94  X46 

10*394683 

10-032681 

24  20 

9.967319 

12 

3 

30 

50 

9*57*793 

25  X31 

XO-427207 

9*605500 

25  X52 

10*394500 

10-032707 

25  2X 

9-967293 

10 

30 

58 

9S 

9-572950 

26137 

xo-427050 

9-605682 

26  158 

10*394318 

10-032732 

2622 

9-967268 

8 

2 

30 

54 

9*573106 

27  142 

xo*426894 

9-605864 

97  164 

10*394136 

10*032758 

2723 

9-967242 

6       sol 

50 

AO 
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28  147 

10-426737 

9-606046 
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10-032783 
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4I     1     1 

30 

58 
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29  152 

10*426581 
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28 

9*573575 
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9-967166I   0 

0 

/  // 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cospc. 

Parts  1 

Sine     jin* 

68^                                                   4»'  Sii™       1 

im 


TABLE  C8 


LOG.  SINES.  COSINES,  ^c. 

Ih  28™                                                    22^ 

/  // 
0 

m. 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cofiine 

m. 

•• 

" 

0 

9*573575 

10-426425 
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10-393590 

10-032834 
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56 

30 

I 

4 

9-573888 
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9-606773 

2    12 

10*393227 

10-032885 

2  2 

9*967115 

56 

59 

30 

0 

9*574044 
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10-425956 

9-606955 

3    18 

10-393045 
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9-967089 

54 

30 

2 

8 

9-574200 
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10-392863 
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68 

30 

10 
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30 
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30 

5 
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22 
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38 

66 
30 

9-575291 

10-424709 

9-608407 

10*391593 
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12    72 
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9-966859 
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26 
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28 
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32 

63 

30 

30 
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9-966782 
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90 

8 

32 
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9*966756 
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62 
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61 
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18 

50 

30 

9*576844 
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9-610217 
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10-033372 
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10-423001 
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10-389603 
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49 
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46 
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23  119 
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12 
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10-389241 
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9*966550 
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48 
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50 
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9-610939 
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9*966525 
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30 

13 

52 
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26135 
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54 
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10*387439 
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52 

43 

30 

10 

9-579008 
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10-033734 
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9-966266 
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90 

10 

12 

9-579162 
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10-420838 

9-612921 
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10-387079 

10-033760 
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9-966240 
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42 

30 

14 
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46 

30 

VJ 

10 

9*579470 

8    41 
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41 

30 

18 

9*579623 
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90 

20 

30 
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22 
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38 
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90 
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26 
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28 
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9-966033 
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38 

30 

30 
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9*614539 

15    90 

10*385461 

10-033993 
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9*966007 

30 

99 

23 

32 

9*580699 

16    82 

10-419301 

9*614718 

16    96 

10*385282 

10*034019 

16  14 

9*965981 

» 

37 

30 

34 

9-580852 

17    87 

10-419148 

9-614897 

17  102 

10*385103 

10*034045 

1715 

9*965955 

26 

90 

24 

36 

9*581005 

18    92 

10-418995 

9*615077 

18  108 

10*384923 

10-034071 

18  16 

9-965929 

M 

36 

30 

38 

9-581158 

19    97 

10*418842 

9-615256 

19  114 

10*384744 

10-034098 

1917 

9*965902 

22 

90 

25 

30 

40 
42 

9-581312 

20  102 

21  107 

10-418688 

9-615435 
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31  126 

10*384565 

ir  0341 24 

20  17 

21  18 

9-965876 
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18 

216 
90 

9-581465 

10-418535 

9*615614 

10*384386 

10-034150 

9*965850 
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44 

9-581618 

22  112 

10-418382 

9*615793 

22  132 

10-384207 

10*034176 

2219 

9-965824 

16 

34 

:m 

40 

9-581771 

23  118 

10-418229 

9-615972 

23  138 

10*384028 

10-034202 

23  20 

9*965798 

14 

90 
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48 

9*581924 

24  123 

10*418076 

9*616151 

24  144 

10*383849 

10-034228 

2421 

9-965772 

11 

S3 

3«» 

50 

9-582076 

25  128 

10-417924 

9*616330 

25  149 

10*383670 

10*034254 

25  22 

9965746 

10 

93 

28 

52 

9*582229 

26  133 

10-417771 

9-616509 

26155 

10-383491 

10-034280 

2623 

9-965720 

• 

32 

30 

51 

9-582382 

27  138 

10-417618 

9*616688 

27  161 

10-383312 

70-034306 

2723 

9.965694 

e 

30 

29 

50 
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28  143 

10-417465 

9-616867 
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10383133 

10-034332 

2824 

9*965668 
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31 

30 

5H 

9-582687 
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20 
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54 

30 

32 
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9583449 
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28 
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10 
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10*034516 
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50 

30 
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6    30 

10*416246 
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48 

27 

30 

14 

9-583906 

7    35 
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7    4» 

xo-381526 

10-034568 

7  6 

9-965432 

46 

30 

34 

16 

9584058 

8    40 

10-415942 

9-6x8^52 

8    47 
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,0-034594 

8   7 

9*965406 

44 

26 

30 

18 

9-584210 

»    45 

10-415790 
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9    53 

10-381x70 

10-03462  X 
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9*965379 

42 

30 

35 

30 
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IS 

9-584361 
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9*619008 
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10*034647 
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9*965353 
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38 

25 

30 

9-584513 
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,0*034673 

9-965327 

36 

S4 
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12    61 

10-415335 

9-619364 

12    7X 

10-380636 

10*034699 

12  11 

9965301 

36 

•24 

30 

S6 

9-584817 

13    66 

10-415183 

9-619543 

13     77 

10*380457 

,0*034726 

13X1 

9-965274 

» 

30 

»7 

S8 

9-584968 

14    71 

10*415032 

9-619720 

14     83 

10-380280 

lo-i- 34752 

14,2 

r 96 5248 

33 
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30 

30 

9-585x20 

15    76 

10-4x4880 

9*619898 

15    90 

10*380102 

,0-034778 

15,3 

9*965222 

30 

30 

38 

3S 
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10*4x4728 

9-620076 

16    95 
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16,4 

9*965,95 
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22 

30 

34 
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10*414577 
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10*379746 
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26 

30 

39 

36 
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10*379568 

10-034857 

18  16 

9-965,43 

24 

21 

30 

38 

9-585726 

19    96 

10-414274 

9*620610 

19  113 
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10*034884 
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22 

30 

40 
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42 

9-585877 
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9*965090 
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20 

30 

30 
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10*379035 
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9-965064 

41 

44 
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9-621142 

22  130 

10-378858 

,0*034963 
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9*965037 

19 

30 

46 

9-586331 

23  116 

10*413669 

9-621320 

23  136 

10*378680 

10-034989 

23  20 
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30 

12 

48 

9-586482 

24  121 

10*413518 

9-621497 
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60 
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25  148 
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44 
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9-622207 
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10-41171 1 

9*623623 
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12 

30 

14 
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30 
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51 

24 
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12xx 

9*964507 

36 

9 

30 

26 

9-589340 

13    65 

10-410660 

9-624859 

13     76 

,0*375,41 

10*035520 

13X2 

9*964480 

34 

30 

52 

88 

9*589489 

14    70 

10*410511 

9*625036 

U     82 

,0-374964 

,0*035546 

14X2 

9*964454 

32 

8 

30 

30 

9*589639 

15    75 

10*410361 

9*6252x2 

15    88 

10-374788 

'0-035573 

15x3 

9*964427 

30 

30 

53 

32 

9-589789 

16    80 

10-41021 X 

9-625388 

16    94 

,0*3746,2 

10-035600 

16  14 

9*964400 

28 

7 

30 

M 

9-589938 

17    85 

10-410062 

9625565 

17  100 

10-374435 

10-035626 

1715 

9*964374 

26 

30 

54 

36 

9-590088 

18    90 

10*409912 

9-625741 

18  106 

,0*374259 

,0035653 

18,6 

9*964347 

24 

6 

30 

38 

9-590237 

19    95 

10-409763 

9*625917 

19  112 

10*374083 

10*035680 

19X7 

9*964320 

'23 

30 

5') 

40 
43 

9-590387 

20  100 

21  105 

10*409613 

9*62609^ 

20  118 

21  123 

,0*373907 

,0*035706 

20  18 

21  19 

9*964294 

so 

18 

5 

30 

39 

9*590536 

10409464 

9*626269 

10*373731 

,0*035733 

9*964267 

66 

44 

9*590686 

22  1x0 

10*409314 

9*626445 

22  129 

10*373555 

,0-035760 

2220 

9*964240 

16 

4 

30 

46 

9-590835 

23  115 

10*409165 

9*626621 

23  135 

10*373379 

,0035786 

23  20 

9-9642x4 

14 

80 

67 

48 

9-590984 

24  X20 

10*409016 

9*626797 

24  141 

,0-373203 

10-035813 

2421 

9-964x87 

12 

8 

30 

60 

9*591133 

25  125 

10-408867 

9*626973 

25x47 

10-373027 

10*035840 

25  22 

9*964x60 

10 

30 

M 

63 

9*591282 

26  130 

10-408718 

9*627149 

26x53 

10*372851 

10*035867 

2623 

9*964133 

8 

2 

30 

64 

9*59H3i 

37X35 

10*408569 

9*627325 

27X59 

10-372675 

10*035894 

2724 

9-964106 

6 

30 

60 

66 

9-591580 

28  140 

10-408420 

9*62750 X 

28  165 

10*372499 

10*035920 

2825 

9-964080 

4 

1 

30 

58 

9*591729 

29X45 

10*408271 

9*627676 

29  X7X 

10*372324 

10*035947 

2926 

9-964053 

S 

30 

60 

aa 

9-591878 

30  X50 

10-408122 

9*627852 

30  X76 

10*372148 

10*035974 

30  27 

9-964026 

0 

0 

Cosine 

FartB 

Secmnt 

Cotang. 

Parts 

Tangent       Cosec. 

Parts 

Sine 

m. 

e7'=»                                                    4'*  28™       1 

SB 


73d 


TABLE  68 


LOG.  SINES,  COSINES,  &c. 


Ih    32m 


23^ 


/  // 


J 


Sine 


0 

30 

I 

30 
2 

30 

3 

36 

4 

ao 

JL 

30 

6 
ao 

7 
ao 

8 

3A 
9 
30 
10 

30 
11 
80 

12 

30 

13 

30 

14 

30 
Ift 

30 

16 

30 

17 

30 

18 

30 

19 

30 

20 

30 
21 
30 

22 

30 

23 

30 
24 

80 
28 

30 
26 

30 

27 

30 

28 
30 

29 

30 

30 


•2 

•I 

<] 

r* 

10 

12 
14 
Itf 
18 
«l 

9S 
U 
W 
» 
30 

3« 

34 
38 
38 
40 

•» 
44 
40 
48 
30 

31 
M 
30 
38 
9S 
s 

4 
6 

8 
10 

19 
14 
10 
18 
SO 


U 
M 
«l 
30 

32 
34 

30 
38 
40 

41 
44 
40 
48 
30 

n 

M 

30 

58 

3« 


9-591878 
9' 59x0*7 
9-592176 
9-592324 

9-592473 
9*592621 

9-592770 
9-592918 
9593067 
9-593215 
9593363 


P&rts 


9-593511 
9-593659 
9-593807 

9*593955 
9-594103 

9-594251 

9*594399 

9*594547 
9-594695 

9-594842 


/  // 


9*  594990 
9-59513722  109 
9-59528523  114 

9*59543*^  "« 
9-59558025  123 

9*59572728  128 


9*595874 
9*  59602 1 

9-596168 

9^596315 


1" 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 
12 
13 
14 
16 

18 
17 
18 
19 
20 

21 


5 

10 

>5 

20 

*5 

30 
35 
39 
44 
49 
54 

64 
69 

74 

79 
84 
89 
94 
99 
104 


Cosec. 


10-408122 
10-407973 
10-407824 
10-407676 
10-407527 
io'407379 

10*407230 
10*407082 
10*406933 
10*406785 
10*406637 


Tan^nt 


9*596462 
9*  596609 
9*596756 
9*596903 
9-597050 

9-597196 

9*597343 
9*597490 
9*597636 
9-597783 


9-597929 
9*598075 
9*598222 
9*598368 
9*598514 

9*598660 
9*598806 
9*598952 
9-599098 
9*59924420  98 

21  loi 

22  107 

23  112 

24  117 
2$  122 

28  127 


9*599390 
9-599536 
9-599681 
9-599827 

9*599973 
9*600118 
9-60026427  131 


9*600409 
9*600554 
9*600700 


Cosine 


27  133 

28  138 
29143 
30  148 


10*406489 
10*406341 
10*406193 
10*406045 
10-405897 

10*405749 
10*405601 
10*405453 
10*405305 
10*405 1 5  Jt 


9*627852 
9*628028 
9*628203 
9*628379 
9*628554 
9-628729 

9*628905 
9*629080 
9629255 
9*62943 1 
9*629606 


Parts  I  Cotang. 


I 
2 
8 

4 
6 

8 
7 
8 
9 
10 

11 
12 
13 
14 
15 

18 
17 
18 
19 


5 

10 

75 

20 

24 

29 

34 
39 
44 
49 

54 

58 

63 
68 

73 

7« 

83 
88 

93 


10*405010 
10-404863 
10-404715 
10*404568 
10*404420 

10*404273 
70*404126 
10*403979 
10*403832 
10*403685 


9*629781 
9*629956 
9-630131 
9*630306 
9*630481 

9-630656 
9*630830 
9-631005 
9-63 1 180 
9-631355 


28  136 

29  141 

30  146 


Parts 


10*403538 
10*403391 
10*403244 
10*403097 
10*402950 

10-402804 
10-402657 
10*402510 
10*402364 
10-402217 


10*40207 1 
10*401925 
10*401778 
10-401632 
10*401486 

10-401340 
10*401194 
10*401048 
10*400902 
10-400756 


9-631529 
9*631704 
9*631878 
9-632053 
9*632227 

9*632402 
9-632576 
9-632750 
9-632924 
9633099 


9*633273 

9*633447 
9*633621 

9*633795 
9-633969 

9*634143 
9-6343 16 

9-6344.90 

9*634664 

9*634838 


10*400610 
10*400464 
10*400319 
10*400173 
10*400027 

10*399882 
10-399736 
10-399591 
10-399446 
10-399300 

Secant 


9*635011 
0*635185 

y*635359 
9-635512 

9-635706 

9*635879 
9*636052 
9*636226 
9-636399 
9*636572 


9*636745 
9*636919 
9*637092 
9-637*65 
9-637438 

9*637611 
9-637783 

9*637956 
9*638x29 
9638302 

Cotang. 


1' 
2 
3 

4 
5 

8 
7 
8 
9 
10 

11 
12 
13 
14 
16 

18 
17 


6 

12 

>7 

»3 
29 

35 
41 
47 
5» 

58 

64 

70 

76 
82 

87 

93 
99 


10-372148 
10-371972 
10*371797 
10  371621 
10-371446 
10*371271 

10*371095 
10*370920 
10*370745 
10-370569 
10-370394 


Secant 


18  105 

19  III 

20  117 

21  122 

22  128 

23  134 

24  140 

26  146 

28  152 

27  157 

28  163 

29  169 

90  175 


10*370219 
10*370044 
10*369869 
10-369694 
10*369519 

10*369344 
10-369170 
10-368995 
10-368820 
10*368645 


10-035974 
10*036001 
10-036028 
10-036054 
10*036081 
10*036108 

10*036135 
10*03616^ 
10*036189 
10*036216 
10*036243 


6 
12 

»7 
*3 
»9 

35 
40 

46 

5» 

58 

64 

69 

75 
81 

87 
92 
98 

18  104 

19  110 

20  116 

21  121 

22  127 

23  133 

24  139 

25  144 

26  150 

27  156 

28  162 

29  168 

30  173 
Parts 

66° 


1 
2 
3 
4 
5 

8 

7 

8 

9 

10 

11 
12 
13 
14 
15 

18 

17 


10*368471 
10*368296 
10*368122 
10-367947 

10-367773 
10*367598 
xo' 367424 
10*367250 
10-367076 
10*366901 


10*036270 
10*036296 
10-036323 
10-036350 
10*036377 

10-036404 
10-03643 1 
10*036458 
10-036485 
10*036512 


Ports 


1"! 
2 


10-366727 
10*366553 
10*366379 
10-366205 
10*366031 

10*365857 
10*365684 
10-365510 
10*365336 
10*365162 


10*036539 
10*036566 
10-036593 
10*036621 
10*036648 

10-036675 
10*036702 
10-036729 
10-036756 
10*036783 


10*364989 
10*364815 
10*364641 
10*364468 
10*364294 

10-364121 
10*363948 
10*363774 
10*363601 
10-363428 


10*363255 
10*363081 
10*362908 
10*362735 
10*362562 

10*362389 
10*362*17 
10*362044 
10*361871 
10-361698 

Tangent 


100368 10 
10*036837 
10-036865 
10-036892 
10*036919 

10*036946 
10*036973 
10*037001 
10*037028 

10*037055 


10*037082 
10*037110 
10*037137 
10*037164 
10*037191 

10-037219 
10*037246 
10*037273 
10*037301 
10-037328 


10*037355 
10*037383 
10-037410 
10*037438 
10-037465 

10*037492 
10*037520 
10*037547 

10*037575 
10*037602 

Cosec. 


3 

4 
6 

8 

7 
8 
9 

10  9 

11  10 

12  11 

13  12 

1413 
15  13 

18x4 
1715 
18  16 
1917 

20  18 

21  19 
2220 
2321 

24  22 

25  22 

2823 
2724 
2825 
2926 
30  27 

i 


Cos'ine 


9*964026 

9*963999 
9963972 

9*963946 
9963919 
9*963892 

9*963865 

9*963838 
9*963811 
9*963784 
9-963757 


9*963730 
9*963704 
9-963677 

9*963650 
9-963623 

9-963596 
9-963569 
9*963542 
9*963515 
9-963488 


9*963461 

9*963434 
9*963407 

9*963379 
9*963352 

9*963325 
9*963298 
9-963271 
9-963244 
9963217 


5 
6 

7 
8 


2 

3 
4 
6 

8 

7 
8 
9 

10  9 

11  xo 

12  II 

13  12 

14  13 

15  14 

1615 
1715 
18  16 

1917 

20  18 

21  19 
2220 
2821 
24  22 
2523 

2824 
2725 
2825 
2926 

30  27 

Puts 


38 
M 
S4 
32 
30 

48 
40 
44 
41 


36 
34 


/  // 


60 

30 


9-963190 
9-963163 
9963135 
9*963108 
9*963081 

9-963054 
9*963027 
9*962999 
9*962972 
9*962945 


9*962918 
9*962890 
9*962863 
9*962836 
9*962809 

9-962781 
9-962754 
9*962727 
9*962699 
9*962672 


9*962645 
9*962617 
9*962590 
9-962562 
9962535 

9-962508 
9*962480 
9962453 
9*962425 
9*962398 


21 
St 

20 

18 
16 
14 
IS 
iO 

6 
6 
4 
S 


58 

3fl 

57 
30 

86 

M 
65 


84 

30 
53 

30 

58 

30 
51 

30 
50 


49 


48 

30 

1 
1 

47 

i 

9S 

46 

30 

45 

94 


Sine 


44 

4t 


M 

3S 
30 


M 


44 

30 

43 

30 

42 

30 

41 
40 


18 
16 
14 
IS 
10 

S 
6 
4 
t 
O 


30 

39 

30 

38 

30 

37 

80 

36 

30 
35 


34 

30 
33 

30 

32 

30 
31 

30 

30 

/  // 


4«»  se*" 


TABLE  68 


739 


lb  jJ4m 


LOG.  SINES,  COSINES,  &c. 
23° 


/  // 


30 

30 

31 

30 

3S 

30 

33 

30 

34 

39 

35 


30 

36 

30 

37 

80 

38 

JO 
80 

40 


30 
41 

80 
43 

30 

43 

80 
44 

so 
45 


30 
46 

30 

47 

80 

48 

30 

40 

10 

50 


30 
51 
30 

53 

80 

53 

30 

54 

30 
55 


?'l     Sine       Parts 


0 

4 

0 

8 

10 

19 
14 

16 
18 

« 

U 

to 

30 

81 

34 


4t 
44 
48 
48 

M 

ft 
84 
88 
88 


S 
4 
8 
8 
18 

11 
14 
18 
18 


te 

t8 

38 

39 
84 


30 

56 

30 

67 

30 

58 

30 

50 

30 
'  // 


42 
44 

46 
48 
80 

» 
84 

56 

38 

36 


9*600700 
9*600845  I''  5 
9*600990  3  10 
9*601135  3  14 
9*60x280  4  19 
9*601425   5    S4 

9*601570  6  19 

9*601715  7  34 

9-60x860  8  38 

9*602005   0  43 

9*602x5010  48 

9*60229411  53 

9*602439 13  58 

9*602583  IS  62 

9*602728  U  67 

9-602872  16  72 

9*603017 16  77 

9^*603x6117  82 

9*603305 18  87 

9*60344910  92 

9-60359430  96 

9*60373831  xox 
9-60388233  X06 

9*60402633  XXX 

9*604x7034  XI5 

9*6043X335   X20 

9*60445736  125 

9*6o46ox|37  130 

9*6c4745 
9*604888 


38  134 
30x39 
9*60503230  144 


9*605176 
9*605319 
9*605462 
9*605606 
9*605749 

9*605892 
9*606035 
9*606179 
9*606322 
9*606465 


9*606608 
9*606751 
9*606893 
9*607036 
9*607179 

9*607322 
9*607464 
9*607607 

9*607749 
9*607892 


9*60803421  100 
9*60817733  X05 
9*60831933  XIO 
9*60846134  XI4 


9*608603 


9-60874536  124 

9*60888737  128 


9*609029 
9*609x71 
9*609313 


Cooec. 


I 
3 
3 

4 
5 

6 
7 
8 
0 
10 

11 

13 
13 
U 
15 

16 
17 
18 
10 
30 

31 


5 

xo 

H 

19 

24 

29 

33 

38 

43 
48 

51 

57 
62 

67 

7« 

76 

81 

86 

90 

95 


35  1x9 


38  133 

39  138 
30  143 


Corine 


Parti 


0*397706 

0*397561 

0*3974x7 

10*397272 

0*397128 

0*396983 
0*396839 
0396695 
0-396551 
0*396406 


0*399300 
0*399155 
0*399010 
0*398865 
0*398720 
0*398575 

0*398430 
0*398285 
0*398140 

o'39799S 
>'39785< 


0*396262 
0*396118 

0*395974 
0*395830 

0*395687 

0-395543 
0*395399 
0*395255 
0*395  Hi 
0*394968 


0*394824 
0*394681 
0*394538 

0*394394 
0-394251 

0*394108 
0*393965 
0*393821 
0*393678 
0*393535 


0*393392 
0*393249 
o"  393 107 
0*392964 
0*392821 

0*392678 
0*392536 
0*392393 
0*392251 
0-392x08 

0*391966 
0*39x823 
0*39x681 
0*39x539 
0*39x397 

0*39x255 
0*39x113 
o*  39097 X 
0*390829 
0*390687 


Tangent 


9*638302 
9*638475 
9*63864^ 
9*638820. 
9*638992 
9*639x65 

9*639337 
9*639510 
9*639682 

9*639«55 
9*640027 


9*640x99 
9-640371 
9640544 
9*640716 
9*640888 

9*64x060 
9*641232 
9*64x404 
9*641575 

9*64JL747 
9*641919 
9*642091 
9*642263 
9*642434 
9*642606 

9-642777 
9-642949 
9*643x20 
9*643292 

9*6434  <^3 


Vnrta 


tf 


6 

IX 


3  17 

4  23 


5 

6 

7 


29 

34 
40 


9*643634 
9*643806 
9*643977 
9*644148 
9.644319 

9644490 
9*644661 
9*644832 
9*645003 
9*645174 


8  46 

9  52 

10  57 

11  63 
13    69 

15  74 
U  80 
10    86 

16  92 

17  97 

18  it>3 

19  109 
30  X15 

21  120 
33  J  26 

33  132 

34  138 
35X43 

Oe  149 
1*7  X:,5 
!l8  160 

'29  166 
30   172 

" 6 

IX 


9*545345 
9*645516 

9*645687 

9*645857 

9*646028 

9*646199 
9*646369 
9*646540 
9*6467x0 
9*  64688 X 


9*647051 

9*647222 

9*647392 
9-647562 
9.647733 

9-647903 
9*648073 
9*648244 
9*648413 

9'M583 


1 
3 
S 

4 
5 

6 


17 
23 

28 


8 

9 

10 

11 

13 
13 
14 
15 

16 
17 


H 

40 
46 

5> 

57 

63 

68 

74 
80 

«5 

9' 

97 

18  102 

19  108 

30  114 

31  1x9 
33  125 
33  13X 

34x37 

35  142 

36  X48 

27154 

38  159 

39  165 
30  171 


Cotang. 


Secant    I  Cotang. 


Parta 


61698 
61525 
61353 
6 1 180 
61008 
60835 

60663 
60490 
60318 
60145 

59973 


9801 
9629 
9456 
9284 
9112 

8940 
8768 
8596 
8425 
8253 


8081 
7909 

7737 
7566 

7394 
7223 
7051 
6880 
6708 
6537 

6366 
6194 
6023 
5852 
5681 

5510 

5339 
5168 

4997 
4826 


Secant 


10*03 
10*03 
10  03 
10*03 
10*03 
10*03 

xo*o3 
10*03 
10-03 
10*03 
10*03 

10*03 

10*03 
10*03 
10*03 


602 

630 

657 
685 
712 
740 

767 

795 
822 

850 
<77 


905 

933 
960 

988 

10*038015 

10-038043 
10-038071 
10038098 
10*038126 
10-038154 


4655 
4484 

43 '3 
4143 
397  a 
3801 
363  X 
3460 
3290 

3"9 


2949 
2778 
2608 
2438 
2267 

2097 
X927 

'757 
X587 
1417 


10*038181 
10*038209 
10*038237 
10*038265 
10*038292 

10*038320 

10*038348 

XO-038376I 

10-038403 

1C-03843J 


Ptuts 


Coaine 


1^ 

3 

3 

4 
5 

6 
7 
8 
9 
0 

1 
3 
S 

4 
5 

6 

7 
8 
9 


9*962398 
9*962370 
9*962343 
9*962315 
9*962288 
9*962260 

9-962233 
9*962205 
9*962178 
9*962150 
9*962123 


30 

31 

33  20 
332X 

34  22 

3523 

3624 
3725 
2826 
3927 
30  2S 


9*962095 
9*962067 
9*962040 
9*9620x2 
9961985 

9-96x957 
9*961929 
9*96x902 
9*961874 
9*961846 


9*961819 
9961791 
9*961763 
9-961735 
9  9(11708 

9*961680 
9*961652 
9*961624 
9*961597 
9*961569 


10*038459 
10-038487 
10038515 
10*038542 
10*038570 

10*038598 
10-038626 
10*038654 
10-038682 
10-038710 


10*038737 
10-038765 
10*038793 
10*038821 
10*038849 

10-038877 
10*038905 
10*038933 
xo*03896x 
xo'038989 


10*039017 
10*039045 
xo*039073 
io*o39iox 
10*039129 

10*039x57 
10*039186 
10*039214 
10*039242 
XO-039270 


1 
3 
3 

4 
6 

6 
7 
8 
9 
10 


X 

2 

3 
4 
5 
6 

7 

7 
8 

9 


996154X 
996x513 
9*961485 
9*961458 
9961430 

9*96x402 
9*961374 
9*961346 
9-961318 
9*961290 


11  10 

13  11 
13X2 
14x3 
16  14 

16  15 
17x6 
18  17 
19x8 
30x9 

31  20 

33  20 
3321 

34  22 
3523 

3624 
2725 
2826 
3927 
30  28 


66^ 


•»"^ 


Tangent  I  Cosec.  Parta 


9*961263 
9*961235 
9*961207 
9-961x79 
9*961x51 

9*96x123 
9-961095 
9*96x067 
9-961039 
9'96ioix 


9-960983 
9*960955 
^  *96o927 
9*960899 
9*96087  X 

9*960843 
9-9608x4 
9*960786 
9*960758 
9*960730 


Sine 


26 

6tt 
06 
54 
5-i 

so 

48 
46 
44 
42 
40 

38 
86 
34 
32 
30 
28 
28 
21 
22 
20 

18 
W 
14 
12 
10 

8 
6 

4 
2 


58 
36 

M 

52 
50 

48 
46 
44 
42 
10 

38 
16 
34* 
32 
30 

28 
26 
24 
22 
28 

16 
16 
14 
12 
10 

8 
6 

4 
2 
0 


/  // 

ST 

30 

-0 

3U 

2U 

30 

27 

30 

26 

30 

25 


30 

24 
80 

33 

30 

22 

30 

31 

30 

20^ 

80 

10 
so 
18 

80 

17 

80 

16 

80 
15 


30 

14 

30 

13 

30 

12 

30 
II 

30 

10 


sa 
0 

30 

8 

30 

7 
30 

6 

30 

0 


80 

4 

80 

8 

80 

2 

30 
I 

30 
_0 

/// 


4b  24™ 


740 
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LOQ.  SINES,  COSINES,  &c. 

1''  36"^ 

"24° 

/  // 

m. 
ft. 

Sine 

Farts 

Cosec. 

Tangent 

r 
Parts 

Cotang. 

Secant 

Parts 

Cos-ne 

«?• 

/   // 

0 

0 

9609313 

10-390687 

9-648583 

10-351417 

10*039270 

9960730 

a« 

30 

n 

9609455 

1" 

'    5 

10-390545 

9-648753 

1"    6 

10*35x247 

io'039298 

ri 

9*960702 

98 

30 

1 

4 

9-609597 

2 

9 

10-390403 

9-648913 

2    11 

10-351077 

10*039326 

2  2 

9*960674 

96 

59 

30 

6 

9609739 

3 

H 

xo*  39026 1 

9649093 

3    17 

10*350907 

10-039354 

»  3 

9*960646 

94 

30 

2 

8 

9-609880 

4 

19 

xo*390x20 

9*649263 

4    23 

10-350737 

10*039382 

*  4 

9*960618 

92 

58 

30 

10 

9'6iocz2 

6 

as 

10-389978 

9-649433 

5    28 

10-350567 

10*039411 

6    5 

9*960589 

90 

30^ 

3 

12 

9*610164 

6 

28 

10-389836 

9*649602 

6    34 

10*350398 

10*039439 

6   6 

9*960561 

46 

57 

30 

14 

9-610305 

7 

31 

10*389695 

9-649772 

7    39 

10*350228 

10039467 

7   7 

9*960533 

46 

36 

4 

16 

96 10447 

8 

38 

10-389553 

9-649942 

8    45 

10*350058 

10-039495 

8  8 

9*960505 

44 

56 

30 

18 

9*610588 

9 

42 

10*3894x2 

9*650111 

9    51 

10*349889 

10*039523 

9   8 

9-960477 

42 

30 

6 

30 

SO 

9'6io7»9 

10 
11 

47 
5* 

10-389271 

9*650281 

10  56 

11  62 

10*3497x9 

10*039552 

10  9 
Uio 

9-960448 

46 

36 

55 

9*610871 

xo-389129 

9*650450 

'0-349550 

10*039580 

9-960420 

30 

6 

94 

9'6iioi2 

13 

56 

xo-388988 

9*650620 

12    68 

10*349380 

10*039608 

13  11 

9-960392 

36 

54 

30 

SO 

9*611x53 

13 

61 

10*388847 

9*650789 

13     73 

io*3492xx 

10-039636 

13  12 

9*960364 

34 

36 

7 

18 

9*61x294 

14 

66 

xo-388706 

9*650959 

14     79 

10-349041 

10-039665 

14X3 

9960335 

32 

53 

30 

30 

9*611435 

15 

71 

10-388565 

9*65x128 

15    85 

xo-348872 

10*039693 

1514 

9-960307 

30 

30 

8 

32 

9-61x576 

16 

75 

xo*  3  88424 

9*65x297 

16    90 

10-348703 

10*039721 

16  15 

9*960279 

28 

52 

30 

34 

9*61x7x7 

17 

80 

xo-388283 

9-65x467 

17    96 

10*348533 

10-039750 

1716 

9-960250 

26 

30 

9 

36 

9*611858 

18 

8S 

10*3^8142 

9*651636 

18  102 

10-348364 

10-039778 

18  17 

9-960222 

24 

51 

80 

38 

9*61x999 

19 

89 

10-388001 

9*65x805 

19  107 

10-348x95 

ro'039806 

1918 

9*960194 

22 

30 

10 

30 

40 
42 

9-6x2140 

20 
21 

94 
99 

10*387860 

9-651974 

20  113 

21  X18 

10*348026 

10*039835 

20  19 

21  20 

9*960x65 

20 
16 

50 

30 

9-612280 

10-387720 

9*652x43 

'0-347857 

10*039863 

9-960137 

11 

44 

9*6x2421 

23 

X03 

10*387579 

9*652312 

22  124 

10347688 

10*039891 

2221 

9-960109 

16 

49 

SO 

40 

9*6x2562 

23  108 

10*387438 

9-652481 

23  X30 

10-3475x9 

10-039920 

33  22 

9-960080 

14 

30 

12 

48 

9*6x2702 

24 

XX3 

10*387298 

9-652650 

24  135 

10*347350 

10-039948 

3423 

9-960052 

12 

48 

30 

90 

9*6x2843 

25 

XX7 

10*387x57 

9-6528x9 

25  X4X 

10-347181 

10-039976 

2523 

9*960024 

16 

30 

13 

5S 

9*6x2983 

26 

X22 

io»387oi7 

9*652988 

26147 

10*347012 

10*040005 

2624 

9'959995 

8 

47 

30 

M 

9*613124 

27 

1*7 

xo-386876 

9*653157 

27  152 

10*346843 

10-040033 

2725 

9959967 

6 

30 

J4 

96 

9*6x3264 

28 

X32 

xo*386736 

9-653326 

28  X58 

10-346674 

10-040062 

2826 

9959938 

4 

46 

so 

98 

9*6x3404 

29 

136 

xo*386596 

9653494 

29  X64 

10*346506 

10-040090 

2927 

9*959910 

2 

30 

15 
30 

37 

9*6x3545 

30 

X41 

10-386455 

9653663 

30  X69 

10*346337 

10*040118 

3028 

9*959882 

as 

96 

45 
30 

9*6x3685 

1 

5 

X0-3863X5 

9*653832 

1       6 

10*546168 

10*040147 

1    1 

9959853 

16 

9*6x3825 

2 

9 

xo*386i75 

9*654000 

t    11 

10*346000 

10-040175 

2   2 

9-9598a5 

96 

44 

30 

9*6x3965 

a 

14 

10-386035 

9*654169 

3     17 

10*345831 

10*040204 

3  3 

9-959796 

94 

30 

17 

9-6x4x05 

4 

»9 

10-385895 

9*654337 

4    22 

10-345663 

10*040232 

*  4 

9959768 

62 

43 

so 

9*6x4245 

5 

*3 

10*385755 

9*654506 

5    28 

10-345494 

10*040261 

«  5 

9*959739 

96 

36 

18 

9-6x4385 

6 

28 

10-385615 

9*654674 

«    34 

10*345326 

10*040289 

6  6 

9-959711 

46 

42 

so 

9-614525 

7 

3» 

10*385475 

9*654843 

7    39 

10-345157 

10*040318 

7  7 

9-959682 

46 

30 

19 

9-6x4665 

8 

37 

10-385335 

9*655011     8    ♦5l 

10  344989 

10*040346 

8   8 

9*959654 

44 

41 

30 

18 

9*6x4804 

9 

4* 

10*385x96 

9-655179    9    s^i 

10-344821 

10*040375 

9  9 

9-959625 

42 

30 

20 
so 

no 

9-6x4944 

10 
11 

46 
5' 

xo*385056 

9-655348 

10  56 

11  62 

10*344652 

10*040404 

10  10 

11 10 

9-959596 

46 

36 

40 

30 

9*6x5084 

10*384916 

9*655516 

lo- 344484 

10*040432 

9959568 

21 

M 

9*615223 

12 

56 

10-384777 

9*655684 

12    67 

10-344316 

10*040461 

1211 

9*959539 

36 

39 

so 

M 

9*615363 

13 

61 

10-384637 

9*655852 

13    73 

10*344148 

10*040489 

13X2 

9*959511 

34 

30 

22 

28 

9*6x5502 

14 

65 

10-384498 

9-656020 

14    78 

10-343980 

10-040518 

14X3 

995948a 

32 

38 

so 

80 

9-615642 

15 

70 

10*384358 

9*656x88 

15    84 

10*343812 

10*040547 

15X4 

9*959453 

36 

30 

23 

82 

96x5781 

16 

75 

10-384219 

9-656356 

16    90 

10*343644 

10-040575 

16  15 

9*959425 

28 

37 

80 

34 

9*6x5921 

17 

79 

10-384079 

9*656524 

17    95 

10*343476 

10*040604 

17x6 

9-959396 

26 

30 

24 

80 

9*6x6060 

18 

S4 

10-383940 

9*656692 

18  xoi' 

10*343308 

10*040632 

18x7 

9-959368 

24 

36 

30 

38 

9-616x99 

19 

89 

XO-383801 

9*656860 

19  106 

10*343140 

10*040661 

19x8 

9*959339 

22 

30 

25 
30 

40 
41 

9*616338 

20 
21 

93 
98 

xo-383662 

9*657028 

20  XX2 

21  X18 

10*342972 

10*040690 

30  19 

31  20 

9-959310 

26 
18 

35 

so 

9*6x6477 

xo-383523 

9*657196 

10-342804 

10*040718 

9*959282 

26 

44 

9*6x66x6 

22 

103 

10-383384 

9*657364 

23  123 

10*342636 

10*040747 

33  21 

9*959*53 

16 

34 

30 

46 

9-6x6755 

23 

X07 

10383245 

9*657531 

23  129 

10-342469 

10*040776 

2321 

9-959224 

U 

30 

27 

48 

9-6x6894 

34 

1x2 

10-383106 

9*657699 

34X34 

10*342301 

10*040805 

9423 

9*959 >95 

12 

33 

80 

90 

9-6x7033 

25 

"7 

10*382967 

9*657867 

25  X40 

10-342133 

10*040833 

3624 

9-959167 

16 

30 

28 

93 

9*6x7x72 

26 

X22 

10-382828 

9-658034 

26  146 

10-341966 

10*040862 

3625 

9-959138 

8 

33 

30 

94 

9*6x73x1 

27 

X26 

xo*  382689 

9*658202 

27  X51 

10*34x798 

10*040891 

3726 

9-959109 

6 

30 

29 

96 

9*6x7450 

28 

X3I 

xo-382550 

9*658369 

28x57 

10*341631 

10*040920 

3827 

9*959080 

4 

31 

30 

98 

9*6x7588 

29 

"35 

10*382412 

9-658537 

29  162 

10-341463 

10*040948 

392S 

9*959052 

9 

so 

30 

38 

96x7727 

30 

X40 

10*382273 

9658704 

1-^0  168 

10*341296 

10*040977 

30  29 

99590*3 

0 

30 

m. 

Cosine 

Ports 

Secant 

Cotang. 

Puts 

Tangent 

Cosec. 

Parts 

Sine 

m. 

a. 

r  ff 

^Kr  *^ 

(550                                                            4h  22'«       1 
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« 

LOG.  SINES,  COSINES,  &c. 

!»»  SS-* 

24® 

/// 

™-      Sine 

Puts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

k. 

22 

3U 

ao 

0  9-617727 

10*382273 

9-658704 

10-341296 

10*040977 

9*959023 

30 

% 

9-617866 

1"    5 

10-382134 

9-658871 

r  "6 

10-341129 

10*041006 

l"i 

9*958994 

58 

30 

31 

4 

9*618004 

2 

9 

10*381996 

9659039 

%  II 

10-340961 

10*041035 

2    2 

9*958965 

50 

29 

30 

6 

9*618143 

3 

H 

10*381857 

9*659206 

3  17 

10*340794 

10*041063 

3   3 

9'958937 

54 

30 

32 

8 

9*618281 

4 

18 

10*381719 

9*659373 

4    22 

10*346627 

10-041092 

4   4 

9*958908 

62 

26 

M 

10 

9-6x8419 

5 

23 

10*381581 

9659540 

5    28 

10*340460 

10*041121 

6   5 

9-958879 

50 

30 

33 

1% 

9*618558 

6 

z8 

10*38 1442 

9*659708 

8    33 

10*340292 

10*041150 

6   6 

9*958850 

48 

27 

30 

14 

9*618696 

7 

3a 

10*381304 

9-65'>875 

7    39 

10*340125 

10-041179 

7   7 

9*958821 

40 

SO 

34 

10 

9*618834 

8 

37 

10*381166 

9*660042 

8    44 

10-339958 

10*041208 

8   8 

9-958792 

44 

26 

30 

18 

9*618972 

9 

41 

10*381028 

9*660209 

9    50 

10-339791 

10*041237 

9   9 

9*958763 

42 

so 

35 

30 

to 

9*619110 

10 
11 

46 
50 

10*380890 

9*660376 

10  56 

11  61 

10-339624 

10-041266 

10  10 
U  11 

9*958734 

40 
88 

^6 
so 

9*619248 

10*380752 

9*660543 

10*339457 

10*041294 

9*958706 

36 

24 

9*619386 

12 

55 

10-380614 

9*660710 

12    67 

10*339290 

10*041323 

12  12 

9*958677 

30 

24 

3A 

M 

9*619524 

13 

59 

10*380476 

9-660877 

13    72 

10-339123 

10*041352 

13  12 

9*953648 

34 

so 

37 

38 

9*619662 

\4 

64 

10*380338 

9-661043 

14     78 

'0-338957 

10*041381 

1413 

9*958619 

32 

23 

30 

30 

9*619800 

15 

69 

10*380200 

9-661210 

15     83. 

10*338790 

10*041410 

1514 

9-958590 

SO 

so 

38 

32 

9*619938 

16 

73 

10*380062 

9*661377 

16    89 

10*338623 

10*041439 

16  15 

9*958561 

28 

22 

30 

34 

9*620076 

17 

78 

10*379924 

9-661544 

17    95 

10*338456 

10*041468 

17  16 

9*958532 

20 

so 

39 

30 

9*620213 

18 

83 

10*379787 

9-661710 

18  100 

10*338290 

10-041497 

18  17 

9958503 

24 

21 

30 

38 

9*620351 

19 

87 

10*379649 

9*661877 

19  106 

10*338123 

10*041526 

19  18 

9*958474 

22 

30 

40 

30 

40 
42 

9*620488 

20 
21 

9» 
96 

10*379512 

9-662043 

20  III 

21  117 

10*337957 

10-041555 
10041584 

20  19 
2120 

9-958445 

20 
18 

20 

30 

9*620626 

JO'379374 

9-662210 

10-337790 

9958416 

41 

44 

9*620763 

22 

101 

>o'379»37 

9*662376 

22  122 

10*337624 

10-041613 

2221 

9*958387 

10 

19 

30 

40 

9*620901 

b3 

105 

10*379099 

9-662543 

23  128 

'o'337457 

10*041642 

23  22 

9-958358 

14 

3<i 

42 

48 

9*621038 

24 

110 

10-378962 

9-662709 

24  133 

10-337291 

10-041671 

2423 

9*9583*9 

12 

18 

30 

SO 

9*621175 

25 

114 

10*378825 

9*662876 

25  139 

10-337124 

10*041700 

2524 

9-958300 

10 

30 

43 

52 

9*621313 

^ 

119 

10*378687 

9*663042 

26145 

10*336958 

10-041729 

2625 

9-958271 

8 

17 

30 

94 

9*621450 

27 

124 

10*378550 

9*663208 

27  150 

10-336792 

10-041758 

2726 

9958242 

0 

30 

44 

50 

9*621587 

^ 

129 

10*378413 

9'663375 

28  156 

10*336625 

10-041787 

2827 

9*958213 

4 

10 

30 

58 

9*621724 

29 

'33 

10*378276 

9*663541 

29  161 

10*336459 

10-041817 

2928 

9-958183 

2 

30 

45 

30 

39 
2 

9-621861 

^ 

138 

10-378139 

9-663707 

30  167 

10*336293 

10*041846 

30  29 
1     I 

9958154 

21 

58 

\0 
30 

9*621998 

1 

5 

10*378002 

9*663873 

1       6 

10*336127 

10-041875 

9*958125 

4R 

4 

9-6a2i35 

2 

9 

10-377865 

9*664039 

2     11 

10*335961 

1C-0419C4 

2    2 

995X096 

50 

14 

30 

8 

9*622272 

3 

>4 

10-377728 

9*664205 

8     17 

10*335795 

10-041933 

3    3 

9*958067 

54 

an 

47 

8 

9*622409 

4 

18 

10*377591 

9-664371 

4     22 

10*335629 

10*041962 

*    4 

9-958038 

Si 

13 

30 

10 

9*622546 

5 

13 

10*377454 

9*664537 

6    28 

10*335463 

10*041991 

6    5 

9*958009 

30 

30 

48 

12 

9-622682 

6 

»7 

10*377318 

9*664703 

6    33 

»o-335a97 

10*042021 

6   6 

9*957979 

li 

12 

30 

14 

9*622819 

7 

3* 

10*377181 

9*664869 

7    39 

10*335131 

10*042050 

7    7 

9957950 

40 

90 

40 

10 

9*622956 

8 

36 

10*377044 

9-665035 

8    44 

10*334965 

10*042079 

8    8 

99579*1 

44 

11 

30 

18 

9*623092 

9 

41 

10*376908 

9-665200 

9    50 

10*334800 

10*042108 

9    9 

9*957892 

42 

SO 

50 
30 

20 
22 

9*623229 

10 
11 

45 
50 

10*376771 

9-665366 
9-665532 

10  55 

11  61 

10*334634 

10*042137 

10  10 

11  11 

9*957863 

10 

38 

10 
so 

9-623365 

10*376635 

10*334468 

10-042167 

9*957833 

5! 

24 

9-623502 

12 

54 

10*376498 

9*665698 

12    66 

10*334302 

10*042196 

12  12 

9957804 

30 

«J 

30 

20 

9-623638 

13 

59 

10*376362 

9665863 

13    72 

»o-334'37 

10*042225 

1313 

9*957775 

34 

30 

52 

28 

9*623774 

14 

63 

10*376226 

9*666029 

14    77 

10*333971 

10*042254 

1414 

9*957746 

32 

8 

30 

30 

9*623911 

15 

68 

10*376089 

9-666194 

15     83 

10*333806 

10*042284 

15  15 

9*9577,6 

30 

30 

53 

32 

9*624647 

16 

72 

10*375953 

9*666360 

16    88 

10*333640 

10*042313 

16  16 

9*957687 

28 

7 

30 

34 

9*624183 

17 

77 

10*375817 

9*666525 

17    94 

10-333475 

10*042342 

1717 

9*957658 

20 

30 

54 

30 

9*624319 

18 

82 

10*375681 

9*666691 

18    99 

,0*333309 

10*042372 

18  18 

9*957628 

24 

G 

30 

.TH 

9*624455 

19 

86 

10*375545 

9*666856 

19  105 

10*333144 

10*042401 

1919 

9*957599 

22 

80 

55 

30 

40 
42 

9-624591 

20 
21 

9' 
95 

10*375409 

9-667021 

20  110 

21  116 

10*332979 

10*042430 

20  20 

21  20 

9*957570 

20 
18 

5 
30 

9-624727 

10-375273 

9-667187 

10*332813 

10*042460 

9*957540 

56 

44 

9-624863 

22 

TOO 

10-375137 

9-667352 

22  121 

10*332648 

10*042489 

22  21 

9*957511 

10 

4 

30 

40 

9-624999 

23 

TO4 

10*375001 

9-667517 

23  127 

10*332483 

10*042518 

23  22 

9*957482 

14 

30 

57 

•18 

9*625135 

^4 

109 

10-374865 

9667682 

24  132 

10*332318 

10*042548 

2423 

9*95745* 

12 

Ji 

30 

50 

9*625270 

25 

113 

10*374730 

9*667847 

25  138 

10*332153 

10-042577 

25  24 

9*9574*3 

10 

30 

5« 

52 

9*625406 

26 

it8 

10*374594 

9*668013 

26  144 

10*331987 

10*042607 

2625 

9*957393 

8 

2 

30 

54 

9*625542 

27 

123 

10-374458 

9-668178 

27  149 

10*331822 

10*042636 

2726 

9*957364 

0 

dO 

59 

50 

9*625677 

2S 

I2f 

10-374323 

9-668343 

28155 

10*331657 

10*042665 

2827 

$'957335 

4 

I 

30 

58 

9-625813 

29 

132 

10374187 

9-668508 

29  160 

10*331492 

10*042695 

2928 

9*957305 

2 

30 

fiO 

«o 

9-625948 

30 

.36 

10-374052 

9*668672 

30  166 

10*331327 

10*042724 

30  29 

9*957*76 

0 

0 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tkngent 

Cosec. 

Parts 

Sine       m.  /  ''j 

65° 


4h  20™ 


743 


TABLE  68 


LOG.  SINES,  COSINES,  &c. 

|h    40m 

25° 

/// 

«?'|     Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parti 

Cosine 

m 

•• 

60 

0 

0 

9-6a594i 

I 

10-374052 

9*668673 

10*331327 

10- 042724 

9*957276 

a« 

so 

s 

9*62608^ 

^  1 

"    4 

10-37391^ 

9*668837 

I-    5 

10*331163 

10*042754 

l"i 

9957246 

58 

SQ 

1 

4 

9*626215 

)  2 

9 

10*373781 

9*669002 

2     II 

10*330998 

10*042783 

2  2 

9*957ai7 

56 

59 

3t 

0 

962635^ 

]■   3 

n 

10-373646 

9*669167 

8     16 

10*330833 

10-042813 

»  3 

9*957187 

54 

so 

2 

8 

9*626490 

>   4 

18 

10*373510 

9*669332 

4     22 

10*330668 

10*042842 

*  4 

9*957158 

93 

§8 

80 

10 

9*62662^ 

;  6 

22 

10*373375 

9.669497 

5    27 

10*330503 

10*042872 

fi  5 

9*957128 

50 

so 

3 

12 

9"62676c 

>  6 

27 

10*373240 

9*669661     6    33 

10*330339 

10*042901 

6  6 

9*957099 

46 

67 

30 

14 

9*626895 

7 

3» 

10*373105 

9*669826    7    38 

10*330174 

10*04293 1 

7   7 

9*957069 

46 

30 

4 

16 

9  •62703c 

>   8 

36 

10*372970 

9*669991 

8    44 

10*330009 

10*042960 

8   8 

9-957040 

44 

56 

30 

18 

9*627165 

9 

40 

10*372835 

9*670155 

9    49 

10-329845 

10-042990 

»  9 

9*957010 

43 

30 

6 
so 

M 
13 

9*6273oc 

10 
11 

45 
49 

10*372700 

9*670320 

10  55 

11  60 

10*329680 

10*043019 

10  10 

11  11 

9-956981 

40 

38 

55 

9*627435 

10*372565 

9*670484 

10*329516 

10*043049 

9-956951 

30 

6 

U 

9*627570 

12 

54 

10*372430 

9-670649 

12    66 

10*329351 

10*043079 

12  12 

9'9Sh^^ 

36 

54 

30 

M 

9*627705 

13 

1^ 

10*372295 

9*670813 

13    71 

10-329187 

10*043 '08 

1313 

9956892 

34 

30 

7 

28 

9*627840 

14 

63 

10*372160 

9-670977 

14    77 

10*329023 

10*043138 

1414 

9*956862 

83 

ft3 

so 

SO 

9*627974 

15 

67 

10*372026 

9*671142 

15    82 

10*328858 

10*043167 

1515 

9956833 

SO 

30 

8 

S3 

9*628109 

16 

7» 

10*371891 

9*671306 

16    88 

10*328694 

10-043197 

16  16 

9*956803 

38 

52 

so 

S4 

9*628244 

17 

76 

10*371756 

9-671470 

17    93 

10*328530 

10-043227 

1717 

9*95^73 

36 

30 

9 

36 

9*628378 

18 

81 

10-371622 

9671635 

18    99 

10*328365 

10*043256 

18  18 

9-956744 

34 

61 

so 

38 

9*628513 

19 

85 

10*371487 

9-671799 

19  104 

10*328201 

10*043286 

1919 

9*956714 

32 

30 

10 

<0 

40 
43 

9*628647 

20 

31 

90 
94 

10*371353 

9*671963 

20  no 

21  115 

10*328037 

10*043316 

20  20 

21  21 

9*956684 

SO 

18 

50 

9*628782 

10*371218 

9-672127 

10*327873 

10*043345 

9-956655 

SO 

11 

44 

9*628916 

22 

99 

10-371084 

9*672291 

22  121 

10-327709 

10-043375 

22  22 

9*956625 

49 

ao 

46 

9*629050 

23 

103 

10*370950 

9*672455 

23  126 

10-327545 

10*043405 

23  23 

9*956595 

so 

12 

48 

9*629185 

24  J08 

10*370815 

9-672619 

24  132 

10*327381 

10-043434 

24  24 

9956566 

48 

SQ 

50 

9*629319 

25 

112 

10*370681 

9*672783 

26  137 

10*327217 

10-043464 

2525 

9-956536 

so 

13 

52 

9*629453 

26 

117 

10-370547 

9*672947 

26  142 

10-327053 

10*043494 

2626 

9-956506 

47 

so 

54 

9*629587 

27 

121 

10*370413 

9*673111 

27  148 

10*326889 

10*043524 

2727 

9956476 

30 

14 

56 

9-629721 

28 

126 

10-370279 

9*673274 

28  153 

20*326726 

10-043553 

2828 

9.956447 

46 

so 

58 

9*629855 

29 

130 

10*370145 

9*673438 

29159 

10*326562 

10*043583 

2929 

9*956417 

so 

15 

30 

1 

9*629989 

SO 

n5 

10*370011 

9*673602 

30  164 

10*326398 

10*043613 

30  30 

9*956387 

X9 

58 

45 

9*630123 

1 

4 

10*369877 

9*673766 

>      5 

10*326234 

10-043643 

1    1 

9*956357 

30 

16 

4 

9630257 

2 

9 

10*369743 

9*673929 

2    11 

10*326071 

10*043673 

2    2 

9*956327 

56 

44 

30 

6 

9*630391 

3 

n 

10*369609 

9-674093 

3     16 

10-325907 

10-043702 

3    3 

9956298 

54 

30 

17 

8 

9*630524 

4 

18 

10-369476 

9674257 

4    22 

■0-325743 

10-043732 

*  4 

9-956268 

93 

43 

30 

10 

9*630658 

6 

22 

10*369342 

9-674420 

».»7 

10-325580 

10*043762 

«   5 

9-956238 

50 

SB 

18 

13 

9*630792 

6 

»7 

10-369208 

9*674584 

6    33 

10*325416 

10*043792 

6   6 

9-956208 

48 

42 

30 

14 

9*630925 

7 

V 

10-369075 

9*674747 

7    38 

10*325253 

10-043822 

7   7 

9-956178 

46 

30 

19 

16 

9*631059 

8 

36 

10-368941 

9*674911 

8    44 

10*325089 

10*043852 

8  8 

9*956148 

44 

41 

30 

18 

9*631192 

9 

40 

10-368808 

9675074 

9    49 

10*324926 

10*043882 

9  9 

9-956118 

43 

Si 

20 
30 

30 
33 

9*631326 

10 
11 

44 
49 

10*368674 

9-675a37 

10  54 

11  60 

10*324763 

10-043911 

10  10 

11  11 

9-956089 

40 
38 

40 

9*63  H59 

10-368541 

9-675401 

10-324599 

10043941 

9*956059 

30 

21 

%l 

9*63159^ 

12 

53 

10*368407 

9*675564 

12    65 

10*324436 

10*043971 

1212 

9956029 

36 

39 

so 

36 

9*631726 

13 

58 

10-368274 

9-675727 

13    71 

10*324273 

10*044001 

1313 

9*955999 

34 

so 

22 

38 

9*631859 

14 

62 

10*368141 

9675890 

14    76 

10-324110 

10*04403 » 

1414 

9955969 

33 

38 

30 

SO 

9*631992 

15 

67 

10*368008 

9-676053 

16    82 

10-323947 

10*044061 

1515 

9*955939 

SO 

so 

23 

S3 

9*632125 

16 

71 

10*367875 

9*676217 

16    87 

10*323783 

10-044091 

16  16 

9*955909 

38 

37 

so 

34 

9*632259 

17 

75 

10*367741 

9*676380 

17    91 

10-323620 

10*044121 

1717 

9*955879 

36 

so 

24 

36 

9*632392 

18 

80 

10*367608 

9-676543 

18    98 

10-313457 

10-044151 

18  18 

9955849 

M 

36 

30 

38 

9-632525 

19 

84 

10-367475 

9*676706 

19  103 

10-323294 

10*044181 

1919 

9*955819 

SS 

so 

26 

30 

40 
43 

9*632658' 

30 
21 

89 
93 

10*367342 

9*676869 

20  109 
31  114 

10*323131 

10-044211 

20  20 

2121 

9*955789 

SO 
18 

35 

so 

9*632790' 

10*367208 

9-677032 

10*322968 

10*044241 

9*955759 

26 

44 

9-632923' 

22 

98 

10-367077 

9*677194 

32  120 

10-322806 

10*044271 

22  22 

9-955729 

16 

34 

80 

46 

9*633056' 

23 

102;  10*3669441 

9-677357 

23  125 

10-322643 

10*044301 

2323 

9-955699 

14 

so 

27 

48 

9*633189' 

24  1 

107 

10*366811 

9*677520 

34  131 

10*322480 

10-044331 

24  24 

9955669 

IS 

33 

so 

50 

9*633322' 

25  ] 

[11 

10*366678 

9*677683 

25  136 

10*322317 

10-044361 

2525 

9-955639 

10 

so 

28 

53 

9*633454' 

26  ] 

ti6 

10*366546 

9*677846 

26  141 

10*322154 

,0-04*391 

2626 

9-955609 

6 

32 

30 

54 

9*633587' 

27  ] 

t20 

10*366413 

9-678008 

27  147 

10*321992 

10*044421 

2727 

9*955579 

6 

so 

29 

56 

9.633719' 

28  1 

[25 

10*366281 

9*678171 

28  152 

10*321829 

10-044452 

28  28 

9*955548 

4 

31 

30 

58 

9*633852' 

29  ] 

[29 

10*366148 

9*678334 

29  158 

10-321666 

2929 

9*9555'8 

% 

so 

30  «a 

9-633984: 

30  : 

[33 

10*366016 

9*678496 

30  163 

10-321504 

10*044512 

3030 

9*955488 

0 

30 

Coeine 

Parts 

Secant 

Cotang. 

Parti 

Tangent 

Cooec 

Parti 

Sine     |m* 

/// 

64°                                                       4»»  IS""       1 
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LOG.  SINES,  COSINES,  &c. 


|h  42« 


'25' 


fff 


SO 

30 

31 

30 

32 

30 

S3 

90 

34 

30 

35 


30 

36 

30 

S7 

30 


SO 

39 

30 

40 


30 
41 

30 
42 

30 

43 

30 

44 

30 

45 


46 

30 

47 

30 

48 

30 

49 

30 

50 


30 

61 

30 

52 
30 

63 

30 

64 

30 

65 


30 

66 

30 

67 

30 

68 

30 

69 

30 

60 


/// 


0 

4 

0 

8 

10 

13 
14 
M 
18 
SO 


30 

tt 
84 


40 


Sine 


46 

48 
50 

n 

54 
56 

58 

M 
« 

4 

6 

8 

10 

II 

16 
18 

ao 

» 

90 
i8 
30 

32 
34 
86 

38 
40 

43 
44 

46 
48 
50 

53 
54 

50 

58 


9-6339«4 

9-654"7 
9-634349 

9-634381 

9-634  J 14 

9*634646 

9634778 
9-634910 
9*635043 
9-635174 
9*635306 


9-635438 
9-635570 
9*635703 
9*635834 
9635965 

9*636097 
9*636339 
9*636360 
9-636493 
9*636633 


723 


9*636754 

9-636886 

9-63701 

9*637148 

9*63738o|25 

9*637411 
9*637543 
9*637673128  133 
9*63780429  127 
9-63793530  132 


8  35 

9  40 

10  44 

11  48 

12  53 

13  57 
U  61 

15  66 

16  70 

17  75 

18  79 

19  83 

20  88 

21  93 
96 

lOI 

24  105 
no 

96  114 
27  119 


9*638066 

9-638197 
9*638338 
9638458 
9*638589 

9-638720 
9*638851 
9-638981 
9*639x12 
9*639242 


9*639373 
9*639503 
9639633 
9639764 
9*639894 

9*640024 
9*640154 
9*640384 
9*640414 


9*64054420    87 

9  64067421  91 
9*64080422  95 
9*64093423  100 
9*64x06424  104 
9*64119425  X09 

9-64133426  113 
9-64145327  117 

9*64X58328  X23 
9*64171229  X26 
9*64184330   130 


PUti 


tt 


4 

9 

13 
x8 

33 
36 
3» 


1 

2 
3 

4 
5 

6 
7 

8 

9 
10 

II 
12 
13 
14 
15 

16 
17 
18 
19 


4 

9 

18 

'7 
33 

36 

30 

35 
39 

43 

48 

5^ 
S6 
61 

65 
69 

74 
78 
83 


Codne 


Parts 


Cooec. 


0*366016 
0-365883 
0-365751 
0*365619 
0-365486 
0*365354 

0*365333 
0-365090 
0*364958 
0*364836 
0-364694 


0*364563 
0*364430 
0*364398 
0*364166 
0-364035 

0*363903 
0*363771 
0*363640 
0*363508 
0*363377 


0*363346 
0*363x14 
0*363983 
0*363853 
0*362730 

0*363589 
0*363458 
0*363327 
0*362196 

0*362065 


0*36x934 
0*361803 
0*361672 
0*36x542 
0*36x4x1 

0*36x280 
0*36x149 
0*36x019 
0*36088^$ 
0*3607^8 


0*360627 
0-360497 
0*360367 
0*360236 
0*360106 

0*359976 
0-359846 
0*359716 
0-359586 

0*359456 


0*359326 
0-359196 
0*359066 
0*358936 
0*358806 

0*358676 

0-358547 
0-358417 
0*358288 
0*358158 


Secant 


Ttogent 


9*678496 
9-678659 
9-67882 1 
9*678984 
9*679x46 
9*679308 

9-679471 
9-679633 
9-679795 
9*679958 

9*680 1 20 


9*680283 
9*680444 

9 '680606 
9*680768 
9*680930 

9*68x093 
9*68x354 
9*6814x6 
9*68x578 
9*68x740 


9*681901 
9-682063 
9*682225 
9*682387 
9*682548 

9*682710 
9-68287  X 

9*683033 
9*683x94 
9683356 


11 

12 
13 

14 
15 

16 

17 
18 
19 
20 

21 


96835x7 
9*683679 
9*683840 
9*684001 
9*684162 

9-684324 
9*684485 
9*684646 
9*684807 
9*684968 


9*685129 
9*685290 
9*685451 
9*685612 
9*685773 

9*685934 
9-6S6095 
9*686255 
9*686416 
9*686577 


9*686737 
9*686898 
9*687059 
9*6872x9 
9*687380 

9*687540 
9  687701 

9*687861 

9*688021 

9*688x83 


Cotang^. 


Paxts 


1" 

2 
3 
4 
5 

6 
7 
8 
9 
10 


II 


32 

37 

33 
38 

43 
49 


Cotang. 


54 

59 

65 
70 

76 
81 

86 
93 

97 
103 

108 


"3 

22  1x9 

23  134 

24  130 

»35 

26  140 

27  146 

28  151 

19  157 
30  162 


1 

2 
3 
4 
5 

6 
7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 


5 

II 

16 
21 

27 

32 

38 

43 
48 

54 

59 
64 

70 

75 
80 

86 

9' 
96 

102 

20  107 

21  1x3 

22  118 

23  X23 

24  129 

25  134 

26  X39 

27  145 

28  150 

29155 
30  x6x 


Parts 

64° 


10*321504 
10*32x341 
10-321179 
10*3210x6 
10*320854 
xo' 320692 

10*320529 
10*330367 
10*330205 
10*320042 
10*319880 


Secant 


io*3 
io*3 
10*3 
10-3 
io*3 

xo*3 
10*3 
xo*3 
10*3 
io*3 


10-3 
10-3 
10*3 
10*3 
io*3 

10*3 

io*3 
10-3 
io'3 

xo*3 


io*3 
io"3 
10*3 
xo*3 
io*3 

10*3 
10*3 
10*3 
xo*3 
io*3 


Jo*3 
10-3 
xo*3 
10-3 
10-3 

io*3 
io*3 
10-3 
xo  3 
10*3 


10-3 
io*3 
io*3 
10-3 
io*3 

10*3 
xo*3 
10-3 
io*3 
10-3 


9718 
9556 

9394 
9232 

9070 

8908 
8746 

8584 
8422 
8260 


8099 

7937 

7775 
7613 

745a 
7390 
7129 
6967 
68c6 
6644 


6483 
6321 
6160 

5999 
5838 

5676 

55'5 

5354 

5»93 
5032 


4871 
4710 

4549 
4388 

4227 
4066 

3905 

3745 
3584 
34^3 


3263 
3102 

2941 
2781 
2620 

2460 
3299 
3139 

1979 
1818 


Tangent 


10*044513 
10*044543 
10-044573 
10*044603 
10*044633 
10-044663 

10*044693 
10*044723 
10*044753 
10-044783 
10*0448 14 


Parts 


10*044844 
10*044874 
10*044904 
X0044935 
10-044965 

10*044995 

10*045026 
10*045056 
10*045086 
10*045x17 


XO-045 147 
10*045177 
10*045208 
10*045238 
10*045268 

10*045299 
10*045329 
xo*04536o 
10*045390 
10*045431 


io-045451 
10*045483 
10*045513 
10-045543 
'0-045573 

10*045604 
10*045034 
10*045665 
10*045695 
10-045726 


10-045757 
10*045787 
10*045818 
10*045848 
10*045879 

10*045910 
10*045940 
10*045971 
10*04600?, 
10*0460;  2 


10*046063 
10*046094 
10*040124 
10*046155 
10*046186 

10*0462x7 
xo'046247 
10*046278 
io*046;to9 
10*046340 


Cooec. 


I" 

2 

3 

4 
5 

6 

7  7 

8  8 

9  9 

0  10 

1  II 

2X2 

313 
414 
515 

616 

717 
818 
0  19 

20  20 

21  21 

2922 

2323 

24  24 
2535 

2636 
2727 
2828 
2929 
90  30 


Cosine 


1 
2 
3 

4 
5 

6 

7  7 

8  8 

9  9 
0  10 

1X1 

2X2 

3x3 
414 
615 

616 

717 
818 
919 

20  20 

21  21 
2222 
2323 
2424 
2535 

2627 
2728 
2829 
29  30 
3031 


9-955488 

9*955458 
9-955428 

9*95539« 
9*955368 

9*955337 

9955307 
9*955*77 

9'955a47 
9-955217 
9-955186 


9-955156 
9*955126 

9  955096 
9-955065 

9955035 
9*955005 

9*954974 

9*954944 
9*954914 

9*954883 


9*954853 
9954823 

9*954792 

9954762 

9*95473* 
9-95470  X 
9-954671 
9*954640 
9-954610 

9954579 


Parts 


9*954549 
9*954518 
9*954488 

9*954457 
9954427 

9*954396 
9*954366 

9*954335 
•;954305 
9*954*74 


9*954*43 
9*9543x3 

9*954x82 

9954x52 

9*954x31 

9*954090 
9*954060 
9-954039 

9*953998 
9*953968 


9*953937 
9*953906 

9*953876 

9*953845 
9-953814 

9*953783 

9*953753 
9*953723 

9-953691 

9*953660 


Sine 


18 

58 
50 
M 
5-2 
50 

48 
46 
44 
43 
40 

38 
36 
34 
3-2 
SO 

28 
'26 
-24 
•22 
30 

18 
10 
14 
13 
10 

8 
6 

4 
2 

17 

58 
56 
54 
52 
50 

48 
46 
44 
43 
40 

38 
36 
34 
33 
30 

98 
26 
34 
22 
30 

18 
16 
14 
12 
10 

8 
6 

4 
2 
0 


/// 

30 

2fl 

30 

28 

so 

27 

30 

26 

30 
25 

30 

24 
so 
23 

30 

22 

30 

21 

30 

20 

30 

19 

30 

IB 

30 

17 

30 

16 

30 

15 


30 

14 

30 

13 

30 

12 

30 
11 

30 
10 

30 

9 

30 

8 

30 

7 

30 

6 

30 
6 


30 

4 

30 

3 

30 

2 

30 

1 

30 

0 


/// 


4b    ]5m 


744 

TABLE  68 

LOG.  SINES,  COSINES,  &c. 

lb  44m 

26° 

/// 

0 

m. 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

1 
Parts 

Cosine 

m. 

/// 

(To 

0 

9*641842 

10*358158 

9*688182 

10*311818 

10-046340 

9*953660 

Xtf 

30 

2 

9-641971 

1"    4 

10*358029 

9*688342 

»"    5 

10*311658 

10*04637 1 

ri 

9*953629 

58 

80 

1 

4 

9*642101 

2 

9 

10*357899 

9  688502 

2     11 

10-311498 

10*046401 

2  2 

9*953599 

Ml 

59 

80 

6 

9*642230 

3 

13 

10*357770 

9*688663 

3     16 

10-311337 

10*046432 

3  3 

9-95356i> 

3i 

30 

2 

8 

9*642360 

4 

17 

10*357640 

9-688823 

4    21 

10-311177 

10*046463 

*  4 

9953537 

W 

08 

80 

10 

9-642489 

5 

21 

10*357511 

9-688983 

5    27 

10-311017 

10*046494 

6    5 

9-9535ct) 

iM 

3U 

3 

12 

9*642618 

6 

26 

10-357382 

9-689143 

6    32 

10-310857 

10-046525 

6   6 

9'953475 

AS 

ol 

80 

14 

9*642747 

7 

30 

10*357253 

9689303 

7    37 

10-310697 

10-046556 

7   7 

9953444 

.tf 

Ml 

4 

16 

9642877 

8 

34 

10*357123 

9-689463 

8    43 

10*310537 

10-046587 

8   8 

9'9534«3 

44 

56 

80 

18 

9*643006 

9 

39 

10356994 

9-689623 

9    48 

10*310377 

100466 18 

9   9 

995338- 

4-i 

dO 

5 

80 

20 
22 

9*643135 

10 
11 

43 
47 

10*356865 

9*689783 

10  53 

11  59 

10*310217 

10*046648 

10  10 

11  11 

9*953352' 

40 
39 

55 

30 

9*643264 

10*356736 

9-689943 

10*310057 

10*046679 

9*953321 

6 

24 

9  643393 

12 

51 

10*356607 

9*690103 

12    64 

10*309897 

10*046710 

12  12 

9953290 

J« 

54 

80 

20 

9-643522 

13 

56 

10*356478 

9-690263 

13    69 

20-309737 

10-046741 

1313 

9*953»59 

34 

30 

7 

28 

9*643650 

14 

60 

10*356350 

9*690423 

14    75 

lo- 309577 

10*046772 

1414 

9953228 

32 

63 

80 

30 

9643779 

15 

64 

10*356221 

9*690582 

15    80 

10*309418 

10-046803 

15  15 

9953'97 

30 

3U 

8 

32 

9*643908 

16 

68 

10*356092 

9*690742 

16    85 

10-309258 

xo-046834 

16  16 

9*953166 

28 

52 

80 

34 

9-644037 

17 

73 

10*355963 

9-690902 

17    91 

10*309098 

10*046865 

1718 

9-953«35 

26 

JO 

9 

3d 

9644165 

18 

77 

10*355835 

9*691062 

18    96 

10*308938 

10*046896 

18  19 

9*953104 

» 

5] 

80 

38 

9*644294 

19 

82 

10*355706 

9*691221 

19  101 

10*308779 

10-046927 

1920 

9*953073 

22 

3D 

10 

40 
42 

9*644423 

20 
21 

86 
90 

io'355577 

9*691381 

20  107 

21  112 

10-308619 

xo-046958 

2O21 

2122 

9*953042 

2» 
18 

50 

80 

30 

9'64455« 

»«>*355449 

9*691540 

10-308460 

10*046989 

9953011 

11 

44 

9*644680 

23 

94 

10*355320 

9*691700 

22  117 

10*308300 

10*047020 

2223 

9*952980 

10 

49 

80 

46 

9*644808 

23 

99 

10355192 

9-691859 

'23  123 

10*308141 

10*047051 

23  24 

9*952949 

14 

30 

12 

48 

9.644936 

24 

103 

10-355064 

9*692019 

24  128 

10*307981 

10*047082 

2425 

9-952918 

12 

4tt 

so 

50 

9-645065 

25 

107 

'0'354935 

9*692178 

26  133 

10*307822 

10*047114 

25  26 

9  952886 

10 

30 

13 

92 

9-645193 

26 

112 

10*354807 

9*692338 

26139 

10*307662 

10-047145 

2627 

9  952855 

8 

47 

80 

54 

9*645321 

27 

116 

10*354679 

9*692497 

27  144 

10*307503 

10-047176 

2728 

9952824 

ii 

30 

14 

56 

9-645450 

^8 

120 

»o'35455o 

9*692656 

28149 

10*307344 

10-047207 

2829 

9*952793 

4 

46 

80 

68 

9-645578 

i^ 

124 

10*354422 

9*692816 

29155 

10*307184 

10*047238 

2030 

9*952762 

■I 

» 

16 

«5 
2 

9*645700 

30 

129 

10-354294 

9*692975 

30  160 

10*307025 

10-047269 

SO31 

9*952731 

X5 

58 

45 

30 

30 

9*645834 

1 

4 

10*354166 

9*693134 

1     5 

10-306866 

10-047300 

1    I 

9-952700 

16 

4 

9*645962 

2 

9 

10*354038 

9-693293 

2     11 

10-306707 

10*047331 

2   2 

9-952669 

56 

44 

80 

6 

9*646090 

3 

13 

10*353910 

9693453 

3     16 

10-306547 

10*047363 

»  3 

9- 952637 

54 

30 

17 

8 

9*646218 

4 

>7 

10-353782 

9*693612 

4    21 

10-306388 

10-047394 

4  4 

9*952606 

52 

43 

30 

10 

9*646346 

5 

21 

10*353654 

9*693771 

5    26 

10*306229 

10-047425 

«   5 

9-951575 

50 

30 

18 

12 

9*646474 

6 

45 

10*353526 

9693930 

6    32 

10*306070 

10*047456 

6  6 

9-951544 

48 

42 

30 

14 

9*646601 

7 

30 

'0-353399 

9*094089 

7    37 

10*305911 

10*047488 

7   7 

9*952512 

40 

30 

10 

16 

9*646729 

8 

34 

10*353271 

9*694248 

8    42 

10*305752 

10-047519 

8   8 

9*952481 

44 

41 

30 

18 

9-646857 

9 

38 

»o*353»43 

9-694407 

9    48 

10-305593 

10-047550 

9  9 

9*952450 

42 

80 

20 
30 

20 
22 

9*646984 

10 
11 

42 
47 

10-353016 

9*694566 

10  53 

11  58 

10*305434 

10-047581 

10  10 

11  11 

9*952419 

40 

38 

40 

39 

9*647112 

10-352888 

9694724 

10-305276 

10*047613 

9*952387 

21 

24 

9*647240 

12 

51 

10*352760 

9*694883 

12    63 

10*305117 

10-047644 

1213 

9*952356 

36 

39 

30 

26 

9-647367 

13 

55 

10*352633 

9*695042 

13    69 

10-304958 

10-047675 

1314 

9-952325 

34 

3S 

22 

28 

9*647494 

14 

59 

10*352506 

9-695201 

14     74 

10-304799 

10-047706 

14  15 

9952294 

32 

38 

30 

30 

9*647622 

15 

64 

10-352378 

9*695360 

16    79 

10*304640 

10*047738 

16  16 

9*952262 

30 

30 

23 

32 

9*647749 

16 

68 

10-352251 

9*695518 

16    85 

10*304482 

10*047769 

16  17 

9*952231 

28 

87 

80 

34 

9*647877 

17 

7a 

10*352123 

9695677 

17    90 

10-304323 

10*047800 

17  18 

9*952200 

26 

80 

24 

36 

9*648004 

18 

76 

10*351996 

9*695836 

18    95 

10-304164 

10-047832 

18  19 

9-952168 

24 

36 

30 

3t) 

9*648131 

19 

81 

10*351869 

9695994 

19  101 

10-304006 

10*047863 

1920 

9*952137 

22 

30 

25 

30 

40 
42 

9*648258 

20 
21 

85 
89 

10-351742 

9*696153 

20  106 

21  Ml 

10-303847 

10047894 

2O21 

2122 

9*952106 

20 

18 

35 

30 

9*648385 

10*351615 

9*696311 

10-303689 

10-047926 

9-952074 

26 

41 

9-648512 

22 

93 

10*351488 

9*696470 

22  116 

10-303530 

10*047957 

2223 

9*952043 

16 

34 

80 

46 

9*648639 

23 

98 

10-351361 

9*696628 

23  122 

10-303372 

ro-047989 

23  24 

9-952011 

14 

80 

27 

48 

9*648766 

24 

102 

10*351234 

9-696787 

24  127 

10-303213 

10-048020 

24  25 

9-951980 

12 

33 

80 

50 

9*648893 

25  106 

10-351107 

9-696945 

25  132 

10-303055 

10*048051 

2526 

9.95,949 

10 

30 

28 

52 

9*649020 

26 

110 

10*350980 

9-697103 

26  138 

10*302897 

10-048083 

2627 

9-951917 

8 

32 

30 

54 

9*649147 

27 

V»5 

10*350853 

9*697262 

27  143 

10-302739 

10*048114 

2728 

9-951886 

6 

30 

29 

56 

9-649274 

28 

119 

10*350726 

9-697420 

28  148 

10-302580 

10-048146 

2829 

9-951854 

4 

31 

80 

58 

9*649401 

29 

123 

10*350599 

9-697578 

29  153 

10*302422 

10-048177 

2930 

9-951823 

2 

30 

30 
/  // 

m. 

9*649527 

30 

127 

10*350473 

9-697736 

30  159 

10-302264 

10*048209 

3O31 

9-951791 

0 

30 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

m. 

'" 
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TABLE  68 


74A 


LOG.  SIN£S,  COSINES,  &c.                                                        { 

!•»  46™ 

26°                                                                      1 

1  -• 

Sine 

Parts 

Cooec. 

Tangent 

Parts 

Cotang. 

Secant 

Parte 

Cosine 

m. 

/// 
30 

30 

0 

9-649527 

10*350473 

9697736 

10-302264 

10*048209 

9*951791 

x« 

30 

2 

9-649654 

I'^ 

'   4 

10*350346 

9*697894 

1"    5 

10*302106 

ic'048240 

l"x 

9-951760 

68 

30 

31 

4 

9649781 

2 

8 

10-350219 

9-698053 

2    XI 

10*301947 

10*048272 

2  2 

9*951728 

56 

29 

30 

0 

9-649907 

3 

13 

10-350093 

9*698211 

3     16 

10*301789 

10-048303 

3   3 

9*951697 

54 

30 

32 

8 

9-650034 

4 

17 

10-349966 

9*698369 

4    21 

10-301631 

10*048335 

*  4 

9*951665 

52 

28 

30 

10 

9-650160 

5 

21 

10*349840 

9-698527 

5    26 

10-301473 

10*048366 

«   5 

9-951634 

50 

30 

33 

n 

9*65oa87 

6 

as 

10*349713 

9*698685 

6    32 

10*301315 

10*048398 

6   6 

9*95x602 

48 

27 

30 

14 

9-6504 M 

7 

29 

10*349587 

9-698843 

7    37 

10*301157 

10*048430 

7   7 

9-951570 

46 

30 

34 

16 

9-650539 

8 

34 

10*349461 

9*699001 

8    42 

10*300999 

10*048461 

8   8 

9*95«539 

44 

26 

90 

18 

9*650666 

9 

38 

10-349334 

9699159 

»    47 

10-300841 

10-048493 

»  9 

9*951507 

42 

30 

35 

30 

20 
•22 

9*650792 

10 
11 

42 
46 

10-349208 

9*699316 

10    53 
li     58 

10*300684 

10*048524 

10  IX 

a  12 

9*95 1476 

40 
38 

25 
so 

9*650918 

10-349082 

9-699474 

10*300526 

10*048556 

9*951444 

36 

24 

9-651044 

12 

5> 

10-348956 

9*699632 

12    63 

10-300368 

10*048588 

12x3 

9*951412 

36 

24 

30 

26 

9*651171 

13 

55 

10*348829 

9-699790 

13    68 

10*300210 

10-048619 

13  14 

9-951381 

34 

80 

37 

28 

9-651297 

14 

59 

10-348703 

9-699947 

14    74 

10-300053 

10*048651 

14X5 

9*95  J  349 

32 

23 

so 

30 

9651423 

15 

63 

10-348577 

9*700105 

15     79 

10*299895 

10048683 

15x6 

9-951317 

30 

30 

38 

32 

9*651549 

16 

67 

10-348451 

9*700263 

16    84 

10*299737 

10-048714 

16  17 

9*951286 

28 

22 

30 

U 

9*651675 

17 

71 

10*348325 

9-700420 

17    89 

10*299580 

10-048746 

17x8 

9*951254 

26 

30 

39 

36 

9*651800 

18 

76 

10*348200 

9-700578 

18    95 

10*299422 

10*048778 

18  19 

9*951222 

24 

21 

30 

38 

9*651926 

19 

80 

10-348074 

9*700736 

19  100 

10*299264 

10*048809 

1920 

9*951191 

22 

30 

40 

30 

40 

41 

9*652052 

20 
21 

84 
88 

10-347948 

9-700893 

20  X05 

21  110 

10-299107 

10*048841 

2021 

2122 

9*951159 

20 
18 

20 

so 

9*652178 

10-347822 

9*701051 

10-298949 

10*048873 

9*951127 

41 

44 

9*652304 

22 

9* 

10-347696 

9-701208 

22  116 

10*298792 

10*048904 

2223 

9*951096 

16 

19 

30 

46 

9*652429 

23 

97 

10-347571 

9-701365 

23  121 

10*298635 

10*048936 

2324 

9951064 

14 

30 

42 

48 

9-652555 

24 

101 

10-347445 

9*701.523 

24  126 

10-298477 

10*048968 

24  25 

9-951032 

12 

18 

30 

M 

9*652680 

25 

105 

10*347310 

9-701680 

25  X31 

10-298320 

10*049000 

25  26 

9*951000 

10 

so 

43 

52 

9*652806 

26 

109 

10-347194 

9*701837 

26  137 

10*298163 

10*049032 

2627 

9*950968 

8 

17 

30 

»4 

9*652931 

27 

113 

10*347069 

9*701995 

27  142 

10*298005 

10*049063 

2728 

9*950937 

6 

30 

44 

56 

9*653057 

28 

118 

10*346943 

9-702152 

28  147 

io*2y7li?4i> 

10C49095 

2829 

9*950905 

4 

16 

30 

56 

9*653182 

29 

122 

10*3468x8 

9*702309 

29  153 

io-2<;769i 

10-049127 

29  3X 

9-950873 

2 

30 

45 

30 

«7 

2 

9*653308 

30 

126 

10-346692 

9-702466 

30  158 

10-297534 

10*049159 
10*0^9191 

3032 

9-950841 

13 

58 

15 
30 

r653433 

1 

4 

10-346567 

9-702623 

I       5 

10*297377 

I    I 

9950809 

48 

4 

9*653558 

2 

8 

10-346442 

9*702781 

2     10 

10-2972:9 

10*049222 

2   2 

9-950778 

56 

14 

30 

6 

9*653683 

3 

12 

10-346317 

9-702938 

3    x6 

10*297062 

10C49254 

3    3 

9-950746 

54 

30 

47 

8 

9-653808 

4 

17 

10-346192 

9-703095 

4    21 

10*296905 

10*049266 

♦    4 

9950714 

52 

13 

30 

10 

9-653934 

6 

21 

10-346066 

9*703252 

5    26 

10-296741; 

10*0^9318 

«    5 

9-950682 

50 

30 

48 

12 

9-654059 

6 

»5 

10*345941 

9*703409 

6    31 

10*296591 

10-C49350 

6   6 

9*950650 

48     12    1 

30 

14 

9-654184 

7 

»9 

10*345816 

9*703566 

7    37 

10*296434 

10*049382 

7   7 

9-950618 

46 

30 

49 

16 

9*654309 

8 

33 

10*345691 

9*703722 

8    42 

10*296278 

1CC49414 

8   9 

9950586 

•M 

11 

30 

18 

9-654434 

9 

37 

10*345566 

9*703879 

9    47 

10-296121 

10-049446 

9  10 

9*950554 

42 

30 

50 

20 

22 

9-654558 

10 
11 

4* 
46 

10*345441 

9*704036 

10  52 

11  57 

10*295964 

10049478 

10  I] 

11  12 

9-950522 

40 
38 

10 

30 

ao 

9-654683 

10*345317 

9*704193 

10295807 

10*049510 

9*950490 

61 

24 

9-654808 

12 

50 

10*345192 

9*704350 

12    63 

10  295650 

10*049542 

1213 

9*950458 

36 

9 

30 

26 

9'6S4933 

13 

54 

10*345067 

9  704506 

13    68 

10295494 

10-049574 

1314 

9*950426 

34 

30 

62 

28 

9-655058 

14 

58 

10*344942 

9*704663 

14    73 

10-295337 

10*049606 

14  15 

9*950394 

32 

8 

so 

30 

9-655182 

15 

62 

10*344818 

9-704820 

15    78 

10-295180 

10*049638 

15  16 

9-950362 

30 

30 

53 

32 

9-655307 

16 

67 

,0-344693 

9*704976 

16    84 

10*295024 

10*049670 

16  17 

9*950330 

28 

7 

30 

34 

9*655431 

17 

71 

10*344569 

9*705133 

17    89 

xo-294867 

10*049702 

17  18 

9950298 

26 

so 

64 

36 

9-655556 

18 

75 

10*344444 

9*705290 

18    94 

10*294710 

10*049734 

18  19 

9*950266 

24 

6 

30 

38 

9-655680 

19 

79 

10*344320 

9*705446 

19    99 

10-294554 

10*049766 

19  20 

9*950234 

22 

so 

65 

30 

40 
42 

9-655805 

20 
21 

83 
87 

10-344195 

9-705603 

20  104 

21  1x0 

10-294397 

10*049798 

2021 
21  22 

9*950202 

20 
18 

5 

30 

9  655929 

10*344071 

9*705759 

10*294241 

10-049830 

9*950170 

66 

44 

9*656054 

22 

91 

10*343946 

9*705916 

22  X15 

10-294084 

10*049862 

2223 

9-950138 

16 

4 

ao 

46 

9*656178 

23 

95 

10*343822 

9-706072 

23  120 

10-293928 

10*049894 

2325 

9*950106 

14 

30 

67 

48 

9-656302 

24 

100 

10*343698 

9*706228 

24  125 

10-293772 

10*049926 

2426 

9950074 

12 

3 

30 

50 

9-656426 

25 

104 

IO-343574 

9*706385 

25  130 

10-293615 

10*049958 

2527 

9-950042 

10 

30 

68 

92 

9-656551 

26  108 

10*343449 

9*706541 

26  136 

10*293459 

10*049990 

2628 

9*950010 

8 

2 

30 

54 

9-656675 

27 

112 

10*343325 

9*706697 

27  141 

10*293303 

10*050023 

2729 

9"949977 

6 

30 

69 

S6 

9656799 

28 

116 

10*343201 

9*706854 

28  146 

10*293146 

10*050055 

2830 

9  949945 

4 

1 

30 

58 

9*656923 

29 

120 

10*343077 

9*707010 

29  151 

10*292990 

10*050087 

2931 

9*949913 

2 

30 

60 
/// 



%m 

9*657047 

30 

125 

10*342953 

9*707166 

30  157 

10-292834  10*050119 

30  32 
Parts 

9*949881 

0 

0 
/  // 



m.l   Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent       Cosec. 

Sine 

m. 

63* 


4''  12"       I 


74cl 


TABLE  68 


LOG.  SINES,  COSINES.  &e. 


!»»  48 


m 


27< 


/  // 


0 

80 

1 

30 

2 

80 

8 

30 
4 

30 

6 


30 

6 

80 

7 

30 

8 

30 

8 

80 
10 


30 
11 

30 
12 

30 

13 

30 

14 

30 
16 


30 

16 

30 

17 

30 

18 

30 

19 

30 

20 

30 

21 

30 

22 

30 

23 

30 

24 

30 

26 


30 

26 

30 

27 

30 

28 

30 

29 
80 
30 


/  // 


0 

% 

4 

0 

8 

10 

12 
14 
10 
18 
SO 

ss 
u 
to 

28 
80 

32 
34 
36 

36 
40 

42 
44 
48 
48 
50 

02 
54 
56 
58 


2 

4 

0 

8 

10 

12 
14 
16 
18 
20 

22 
24 
26 
28 
30 

32 

34 
36 
38 
40 

42 
44 

46 
48 
50 

52 
54 
56 
58 


Sine 


9657047 
9-657171 
9-657195 
9657418 
9-657542 
9*657666 

9-657790 
9-657913 
9-658037 
9*658161 
9-658284 


9-658408 
9-658531 

9-6586.S5 
9-658778 
9*6589*31 

9-659025 
9-659148 
9-659271 
9-659394 
9-659517 


9-659640 
9-659763 
9-659886 
9*660009 
9-660132 

9-660255 
9-660378 
9*660501 
9*660623 
9*660746 


9-660869 
9*660991 
9-6611x4 
9*66x236 
966x359 

9  661481 
9*661603 
9-661726 
9-661848 
9-661970 


9*662092 
9-662214 
9-662337 
9*662459 
9-662581 

9662703 
9*662825 
9*662946 
9*663068 
9*663190 


FartB 


V    4 

a     8 

3  12 

4  16 

6    21 


6 
7 
8 
9 
0 

1 

a 

3 

14 
5 

6 


*5 
29 

33 
37 
4» 

45 
49 
53 
57 
62 

66 

70 

8  74 

9  78 

20  82 

21  86 

22  90 

23  95 
94  99 
26  103 

26  107 

27  ixi 

28  115 

29  119 

30  123 


1 
9 
3 

4 
6 

6 

7 

8 

9 

10 

11 
12 
13 
14 
16 

16 
17 
18 
19 
20 

21 
22 
23 
24 


Cosine 


4 
8 

12 

16 

20 

24 
28 

33 
37 
41 

45 

49 

53 

57 
61 

65 
69 

73 
77 
81 

85 
89 

94 
98 


9*663312 
9*663433 
9*663555 
9*663677 
9*66379826  102 

9*66392026  106 
9*664041  27  no 
9*66416328  1x4 
9-66428429  xx8 
9*66440630  122 


Coiec. 


10*342953 
10-342829 
xo-342705 
10*342582 
10*342458 
10*342334 

X0-3422X0 
10-342087 
XO-34I963 
10*341839 
10*341716 


xo*  34x592 
xo- 341469 

10-341345 

XO*34X222 

10*34x099 

10*340975 

10*340852 
xo*  340729 
xo*  340606 
xo- 34048 3 


XO' 340360 

xo-340237 

XO-340XI4 
xo*33999x 
10-339868 

w  339745 
10-339622 

io'339499 
10-339377 

io-339»54 


10*339x31 
xo*339009 
xo-338886 
10-338764 
X0-33864X 

»o'3385»9 
10-338397 

xo-338274 

10*338152 

10*338030 


10-337908 
10*337786 
xo-337663 
10-33754X 
10*3374x9 

10-337297 
10*337175 
10-337054 
10*336932 
10*336810 


PftrtB 


10-336688 
10*- 3  36567 
10*336445 
10-336323 
10*336202 

10-336080 

10-335959 

10*335837 
10*335716 

io'335S94 


Tangent 


Secant 


9 
9 
9 
9 
9 

9 
9 
9 
9 
9 


707x66 
707322 

707478 
707634 

707790 

707946 

708102 
708258 
7084x4 
708570 
708726 


708882 
709037 
709193 
709349 
709504 

709660 
709816 
709971 
0127 
0282 


11 
12 

13 
14 
15 

16 
17 
18 
19 
20 


0438 

0593 
0749 

0904 

1059 

1215 
1370 
1525 
1681 
1836 


1991 
2146 
2301 
2456 
261  x 

2766 
2921 
3076 

3231 

3386 


3541 
3696 

3850 

4005 

4160 

43 '4 
4469 

4624 
4778 
49n 


5087 
5242 
5396 

555» 
5705 
5860 
6014 
6168 
6322 
6477 


Cotang. 


Parts 


I" 

a 

3 

4 
6 

6 
7 
8 
9 
10 


5 
10 

16 

21 

26 

3» 
36 

4* 

47 
5a 


57 
62 

67 
73 
78 

83 
88 

93 

99 
104 

21  109 

22  114 

23  119 

24  125 

26  130 

26135 

27  140 
28145 

29  151 

30  156 


1 

f 
3 
4 
6 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 


5 

10 

15 

21 

26 


31 

36 

41 
46 

5* 

57 
62 

67 
72 

77 

83 
88 

93 
98 

20  103 

21  loS 

22  XX4 

23  119 

24  124 
26  129 

26  134 

27  139 

28  144 

29  150 

30  155 


Parts 
62® 


Cotang. 


0*292834 
0*292678 
0*292522 
0-292366 
c'292210 
0*292054 

0*291898 
0*291742 
0*291586 
0-291430 
0*291274 


0*291x18 
0-290963 
0-290807 
0-290651 
0*290496 

0*290340 
0*290184 
0-290029 
0-289873 
0*289718 


0-289562 
o' 289407 
0-289251 
0-289096 
0-288941 

0*288785 
0*288630 
0-288475 
0-288319 
0-288164 


0*288009 
0-287854 
0*287699 
0*287544 
0-287389 

0-287234 
0*287079 
0*286924 
0*286769 
0*286614 


0*286459 
0*286304 
0*286150 
0285995 
0*285840 

0*285686 
0-28553X 
0*285376 
0*285222 
0-285067 


0*284913 
0*284758 
0-284604 
0-284449 
0-284295 

0*284140 
0*283986 
0*283832 
0-283678 
0-283523 


Tangent 


Secant 


0*050119 
0*050151 
0-050184 
0*050216 
0*050248 
0-050280 

0*050311 
0*050345 
0-050377 
0-050409 
0*050442 


0-050474 
0*050506 
0-050538 
0*050571 
0*050603 

0-050636 
0*050668 
0-050700 
0*050733 
0*050765 


0*050798 
0*050830 
0-050862 
0*050895 
0-050927 

0*050960 
0*050992 
0-051025 
0-051057 
0*051090 


0*051121 
0*051155 
0*051188 
0-051220 
0*051253 

0*051185 
0*051318 
0*051350 
0-051383 
0-051416 


0-05x448 
0*051481 
0*0515x4 
0-05x546 
0*051579 

0-051612 
0-051645 
0-051677 
0-051710 
0*051743 


0*051776 
0*051808 
0-051841 
0*051874 
0*051907 

0*051940 
0051972 
0*052005 
0*052038 
0*052071 


Cosec. 


Parts 


// 


1 
2 
3 

4 
6 

6 
7 

8  9 

9  10 
On 

1 12 
2x3 
3  14 

*«5 

5  16 

6  17 

7  18 
819 

921 

20  22 

21  23 
2224 
2325 

24  26 

25  27 
2628 
2729 
2830 
2931 
803a. 


Cosine 


I 

7, 

3 

4 
5 

7 
8 


1 
2 
3 

4 
5 

6 
7 

8  9 

9  10 

10  II 

11  12 
1213 
1314 

14  15 

15  16 

1617 
17  18 
18x9 

19  2X 

20  22 

2123 
2224 
2325 
2426 
25  27 

2628 
2729 
2831 
2932 
3033 


9"949»8i 
9*949«49 
9*949816 
9-949784 
9-949752 
9-949720 

9*949688 
9*949655 
9949623 

9*94959» 
9*949558 


9*949526 

9*949494 
9*949462 

9"9494»9 
9*949397 
9*949364 
9-949332 
9-949300 
9*949267 

9*949^35 


9-949201 
9949170 

9*949138 
9949105 
9*949073 

9*949040 
9*949008 

9948975 

9*948943 
9*948910 


9*948878 
9*948845 
9*948812 
9*948780 

9  948747 
9*948715 
9*948682 
9*948650 
9*948617 
9*948584 


94855* 
9*948519 

9*948486 

9*948454 
9*948421 

9-948388 

9948355 
9*948323 

9*948290 
9*948^57 


Parts 


9*948124 
9948192 
9948159 
9*948126 
9948093 

9*948060 
9*948028 

9*947995 
9*947961 

9*947919 


58 
56 
54 
52 

50 

48 
40 
44 
42 
40 

311 
36 
34 
32 


24 


IS 
16 
14 
12 
10 

8 
6 
4 
2 

56 
56 
M 
82 
50 

48 
46 
44 
42 

40 


34 


Sine 


26 
24 
22 
20 

18 
16 
14 
12 
10 

8 
6 
4 
2 
0 


/  // 


(Ml 

30 
69 

30 
68 

30 

87 

30 

68 

30 
66 


84 

30 
83 

30 

62 

30 
51 

30 

60 


49 

30 
48 

30 

47 
30 

46 

30 
45 


30 
44 

Si 
43 

30 

42 
30 

41 
30 

40 


39 

30 

38 

30 

37 

30 
36 

30 

35 


30 

34 

30 

33 

38 

32 
38 

31 
31 

90 


/// 


4*   I0» 


TABLE 

G8 

747 

LOG.  SINES,  COSINES,  fte.                                                      | 

jh  5o«n                                                    27«                                                                       1 

1 II 

m 

Sine 

P&rtB 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

/// 

30 

9*664406 

> 

10*335594 

9-716477 

10*283523 

10*052071 

9-947929 

10 

30 

30 

9-664527 

r    1"     4 

»o*  3  3  547  5. 

9*716631 

1"    5 

10*283369 

10*052104 

l"i 

9-947896 

58 

80 

SI 

9-66464S 

\  2      8 

10*335352 

9*716785 

2    10 

10-283215 

10-052137 

2   2 

9-947863 

50 

29 

30 

9-664765 

\   3     12 

10-335231 
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0 

30 

29 

50 

9-678430 

38 

109 

10-321570 

9.734463 

38  141 

10*265537 

10-056033 

3832 

9-943967 

4 

31 

30 

58 

9-678547 

39 

113 

10*321453 

9-734614 

39  146 

10*265386 

10-056067 

3933 

9*943933 

2 

y 

30 

5« 

9*678663 

30 

117 

10*321337 

9-734764 

30  151 

10*265236 

10*056101 

3034 

9-943899 

0 

30 

/  // 

• 

Cosine 

Pftrts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

m. 

/  1* 

61°                                                        4»»  6«       1 

TABLE  68 


749 


LOG.  SINES,  COSINES,  &c.                                                          | 

\h  54m 

•2tt°                                                                            1 

/  // 

1. 

Sine 

Partg 

CoBec. 

Tangent 

Parts 

Cotang. 

SecoBt 

Parte 

Cosine 

m. 

m. 

f  // 

30 

0 

9-678663 

10-^21337 

9*734764 

10-265236 

10*056101 

9-943899 

6 

30 

M 

2 

9-678779 

1" 

4 

10*321221 

9*734915 

1"    5 

10-265085 

10-056136 

l"x 

9-943864 

58 

80 

31 

4 

9-678895 

2 

8 

10*321105 

9-735066 

2     10 

10*264934 

10-056170 

2    2 

9*943830 

56 

29 

30 

0 

9*679012 

3 

12 

10*320988 

9-735216 

3     15 

10*264784 

10-056204 

3    3 

9*943796 

54 

30 

32 

8 

9*679128 

4 

»5 

10*320872 

9-735367 

4     20 

10*264633 

10-056239 

*   5 

9-943761 

52 

28 

30 

10 

Q-679244 

5 

»9 

10*320756 

9735517 

6    25 

10*264483 

10*056273 

5    6 

9-943727 

50 

30 

33 

12 

0*679360 

6 

23 

10*320640 

9*735668 

6    30 

10*264332 

10-056307 

6   7 

9-943693 

48 

27 

30 

14 

9-679476 

7 

27 

10-320524 

9*7358j8 

7    35 

10-264182 

10-056342 

7   8 

9-943658 

46 

30 

34 

10 

9-679592 

8 

3J 

10-320408 

9-735969 

8    40 

10-264031 

10-056376 

8   9 

9-943624 

44 

26 

30 

18 

9-679708 

9 

35 

10*320292 

9*736119 

»    45 

10-263881 

10*056411 

9  10 

9*943589 

42 

30 

35 

90 

9-679824 

10 
11 

39 
42 

10-320176 

9*736269 

10  50 

11  55 

10*263731 

10-056445 

10  II 

11  13 

9*943555 

40 
38 

25 

30 

30 

9-679940 

10*320060 

9*736420 

10*263580 

10-056479 

9-943521 

36 

%% 

9-680056 

12 

46 

10*319944 

9-736570 

12    60 

10-263430 

10*056514 

12x4 

9*943486 

36 

24 

ao 

M 

9*680172 

13 

50 

10*319828 

9*736720 

13    65 

10-263280 

10-056548 

1315 

9*94345* 

34 

30 

37 

38 

9*680288 

14 

54 

10*319712 

9*736870 

14     70 

10-263130 

10-056583 

14x6 

9*943417 

32 

23 

so 

30 

9*680403 

15 

58 

10*319597 

9*737011 

15     75 

10*262979 

10*056617 

1517 

9*943383 

30 

3r 

38 

32 

9*680519 

16 

62 

10*319481 

9*737171 

16    80 

10-262829 

10*056652 

16  18 

9*943348 

28 

22 

30 

34 

9*680635 

17 

66 

10*319365 

97373*> 

17    85 

10*262679 

10*056686 

1720 

9*943314 

26 

311 

39 

36 

9*680750 

18 

69 

10*319250 

9'73747i 

18    90 

10*262529 

10*056721 

I821 

9*943279 

24 

21 

30 

38 

9-680866 

19 

73 

10*319134 

9-737621 

19    95 

10*262379 

10-056755 

19  22 

9*943445 

22 

30 

40 

30 

40 
4S 

9-680982 

20 
21 

77 
81 

10*319018 

9*737771 

20  100 

21  105 

10*262229 

10*056790 

20  23 

21  24 

9*943210 

20 
18 

20 
30 

9-681097 

10*318903 

9-737921 

10*262079 

ip-056824 

9*943176 

41 

44 

9-681213 

22 

85 

10*318787 

9-738071 

22  no 

10*261929 

10-056859 

2225 

9-943141 

16 

19 

30 

40 

9*68x328 

23 

89 

10*318672 

9-738221 

23  115 

io'26i779 

10*056893 

2326 

9*943107 

14 

80 

42 

48 

9-681443 

24 

93 

10*318557 

9*738371 

24  120 

10-261629 

10*056928 

24  28 

9-943072 

12 

18 

30 

50 

9*681559 

25 

97 

10*318441 

9-7385*1 

25  125 

10-261479 

10*056963 

2529 

9*943037 

10 

30 

43 

51 

9*681674 

26 

100 

10-318326 

9-73S671 

26  130 

10-261329 

10*056997 

2630 

9*943003 

8 

17 

30 

54 

9*681789 

27 

104 

10*318211 

9*738821 

27  135 

10*261179 

10*057032 

2731 

9-942968 

6 

80 

44 

50 

9-681905 

28  108 

10-318093 

9-738971 

28  140 

10*261029 

10*057066 

2832 

9'94a934 

4 

16 

30 

5S 

9*682020 

29 

112 

10*317980 

9-739121 

29145 

10*260879 

10*057101 

2933 

9-942899 

2 

30 

45 

30 

56 

2 

9*682135 

SO 

116 

10*317865 

9739271 

30  150 

10*260729 

10-057136 

SO  34 

9*942864' 

5 
58 

15 

30 

9*6822  5c 

1 

4 

10-317750 

9739420 

1       5 

10*260580 

10*057170 

1    I 

9*942830 

46 

4 

9-682365 

2 

8 

10-317635 

9'75957o 

2    10 

xo-260430 

10*057205 

2    2 

9*942795 

66 

14 

30 

6 

9-682480 

3 

II 

10-317520 

9-739720 

3     15 

xo-260280 

10*057240 

3    3 

9*942760 

54 

30 

47 

8 

9-682595 

4 

15 

10-317405 

9*739870 

4     20 

10*260130 

10-057274 

*   5 

9*942726 

52 

13 

30 

10 

9-68271C 

5 

»9 

10-317290 

9-740019 

5    25 

10*259981 

10*057309 

5   6 

9*942691 

50 

30 

48 

12 

9-682825 

6 

*3 

10-317175 

9-740169 

6    30 

10*259831 

10-057344 

6   7 

9-942656 

48 

12 

30 

14 

9-682940 

7 

*7 

10*317060 

9*740319 

7    35 

10-259681 

10-057379 

7   8 

9-942621 

46 

30 

49 

16 

9-683055 

8 

31 

10*316945 

9740468 

8    40 

10-259532 

10*057413 

8   9 

9-941587 

44 

11 

30 

18 

9-683170 

9 

34 

10-316830 

9-740618 

»   45 

10-259382 

10057448 

9  10 

9-942552 

42 

30 

50 

JO 

90 
22 

9*683284 

10 
11 

38 
42 

10-316716 

9-740767 

10    50 

n    55 

10*259233 

10-057483 

10  XI 

11 13 

9-942517 

40 
38 

10 
30 

9-683399 

10*316601 

9*740917 

10-259083 

10*057518 

9-942482 

51 

M 

9*683514 

12 

46 

10*316486 

9-741066 

12  60 

10*258934 

10-057552 

1214 

9-942448 

36 

9 

30 

26 

9-683628 

13 

50 

10-316372 

9-741216 

13    65 

10*258784 

10-057587 

13  15 

9-942413 

34 

30 

52 

28 

9-683743 

14 

54 

10-316257 

9*741365 

14    70 

10*258635 

10-057622 

14  16 

9-942378 

32 

8 

80 

30 

9*683858 

15 

57 

10-316x42 

9-741514 

15    75 

10*258486 

10*057657 

15  17 

9*942343 

30 

80 

53 

32 

9*683972 

16 

61 

10*316028 

9-741664 

16    80 

10*258336 

10*057692 

16  19 

9-942308 

28 

7 

30 

34 

9-684087 

17 

65 

10*315913 

9-741813 

17    85 

10*258187 

10-057727 

1720 

9942273 

26 

80 

64 

36 

9*684201 

18 

69 

10*315799 

9*741962 

18    90 

10*258038 

10*057761 

I821 

9*942239 

24 

6 

30 

38 

9*684315 

19 

73 

10*315685 

9-742112 

19    95 

10*257888 

10-057796 

10  22 

9*942204 

22 

80 

55 

30 

40 
42 

9684430 

20 
21 

76 
80 

10*315570 

9*742261 

20  100 

21  X05 

10-257739 

10-057831 

2O23 
2124 

9*942169 

20 
18 

5 

30 

9-684544 

10-315456 

9*742410 

10*257590 

10*057866 

9-942134 

56 

44 

9-684658 

22 

84 

10*315342 

9-742559 

22  1x0 

10*257441 

10-057901 

2226 

9*942099 

16 

4 

30 

46 

9*684773 

23 

88 

10-315227 

9-742709 

23  115 

10*257291 

10*057936 

23  27 

9*942064 

14 

30 

57 

46 

9-684887 

24 

9? 

10-315113 

9-742858 

24  120 

10*257142 

10*057971 

24  28 

9*942029 

12 

3 

30 

50 

9*685001 

25 

96 

10-314999 

9*743007 

25  124 

10*256993 

10*058006 

2529 

9-94x994 

10 

30 

58 

52 

9*685115 

26 

100 

10*314885 

9*743156 

26  129 

10*256844 

10*058041 

2630 

9-941959 

S 

2 

» 

54 

9-685229 

27 

103 

10*314771 

9*743305 

27134 

10*256695 

10*058076 

2731 

9-941924 

6 

30 

59 

56 

9-685343 

28 

107 

10-314657 

9743454 

28139 

10*256546 

10*058111 

2832 

9*941889 

4 

1 

30 

58 

9-685457 

29 

III 

10-314543 

9743603 

29  144 

10-256397 

10-058146 

2934 

9*941854 

•2 

30 

60 

5tf 

9*685571 

30 

"5 

10*314429 

9*743751 

30  149 

10*256248 

10-058181 

30  3S 

9-941819 

0 

0 

/  // 

C<)*«ine 

Part8 

Secant    1  Cotang. 

Parts 

Tangent 

v^OScCa 

Parts 

Sine 

m. 

/  // 

61°                                                            4»'  4™        1 

760 


TABLE  G8 


LOG.  SINES,  COSINES,  ^cc. 


l"  56 


tn 


•:^Q9 


/  // 


0 
30 

I 

so 

2 

80 

9 

so 

4 

30 

5 


30 

6 

30 

7 

80 

8 

30 

9 

30 
If 


30 
11 
80 

12 

30 

13 

30 
14 

30 
15 


30 

16 

30 

17 

30 

18 

30 

19 

30 
20 


30 
21 
30 

22 

30 

23 

30 
24 

30 
25 


30 

27 

30 

28 

30 

29 
80 

30 
/  // 


9-685571 
9*685685 
9-685799 
9-685913 

8    9-686027 

10  9*686141 

9*686254 
9-686368 
9*686482  8  30 
9686595  9  34 
9-68670910    38 


12 
14 
16 
18 
20 

22 
24 
26 
28 
80 

32 
34 
36 

38 
40 

42 
44 

46 
48 
SO 

52 
M 

V 

68 
•7 

2 
4 
6 
8 
10 

M 

14 
16 
18 
20 

22 
24 
26 

28 
30 

32 

34 
30 

38 
40 

42 
44 

46 
48 
30 


54 


Sine 


9-68682211  42 

9*68693613  46 

9*687049 13  49 

9*68716314  53 

9*687276 15  57 

9*687389  16  61 

9*687503  17  64 

9*68761618  68 

9*687729  19  72 

9-687843  20  76 

9-68795621  79 

9*68806922  83 

9*68818223  87 

9-68829524  91 

9*68840826  95 

9*68852126  98 
9*68863427  102 
9*68874728  106 
9'68886o29  no 
9*68897230  113 


9*689085 
9*689198 
9-689311 
9*689423 
9*689536 

9*689648 
9*689761 
9-689873 
9-689986 
9*690098 10 


9-690211 11 
9*690323 12 
9*690435  IS 
9-690548  14 
9*690660 16    56 

9-690772 16  60 

9*690884 17  64 

9*690996 18  67 

9-691 108  19  71 

9*69122020  75 

79 
82 

86 
90 


9*69133281 
9*691444.22 
9*69x55623 
9*691^6824 
9*69178026 


52    9-69189226    98 


9*69200427  10 1 

56    9*69211528  105 

58    9-692227  29  108 

86  9*69233930  112 


Parts 


I" 

2 

3 

4 
6 

6 

7 


4 
8 

II 

>9 

*3 
26 


Cosec. 


I 
2 

S 
4 
6 

6 
7 
8 
9 


4 

7 
II 

15 
«9 
22 
26 

30 
34 
37 

4» 
45 
49 


94 


?i 


Cosine 


Parts 


0-314429 
0*314315 
0*314201 
0*314087 
0*313973 

o'3>3859 

0*313746 
0*313632 
0*313518 
0*313405 
0*313291 


0*313178 
0*313064 
0*312951 
0*312837 
0-312724 

0*312611 
0*312497 
0*312384 
0*312271 
0*312157 


0*312044 
0*311931 
0*311818 
0*311705 
0*311592 

0*311479 
0*311366 

0*311253 
0*311140 
0*311028 


0*3109x5 
0*310802 
0*510689 
0*310577 
0-310464 

0*310352 
0*310239 
0*310127 
0*310014 
0*309902 


0*309789 
0*309677 
0-309565 
0*309452 
0*309340 

0*309228 
0*3091x6 
0*309004 
0*308892 
0*308780 


0*308668 
0*308556 

0*308444 
0*308332 

0-308220 

0*308108 
0-307996 
0*307885 
0-307773 
0*307661 


Tangent 


9*74375* 
9*743901 

9.744050 
9.744199 

9.744348 
9.744496 

9.744645 

9*744794 

9*744943 
9-745092 

9*745240 


9*745389 
9*745538 
9*745686 

9*745835 
9*745983 
9-746132 
9*746281 
9*746429 

9*746577 
9*746726 


9*746874 
9*747023 
9*747171 

9*7473»9 
9*747468 

9*747616 

9*747764 

9*7479>3 
9*748061 

9*748209 


Parts 


2 
3 

4 
6 

6 
7 

8 
9 
0 

I 
2 
3 
4 


5 
10 

15 
20 

^5 

30 

35 

40 

45 
49 

54 

64 
69 

74 

79 
84 
89 
94 
99 

21  104 

22  109 

23  X14 

24  119 

25  124 

26  129 

27  134 
28139 
20  144 
SO  idSt 


6 

6 
7 
8 
9 
20 


9*748357 

9*748505 
9*748653 
9*748801 

9*748949 
9*749097 

9-749245 
9*749393 
9*749541 
9*749689 


9*749837 
9*749985 

9*750133 
9*750281 

9*750428 

9*750576 
9*750724 

9*750872 
9*751019 
9*751167 


Secant 


9*751315 
9*751462 

9-751610 

9*751757 
9*751905 
9*752052 
9-752200 

9*75*347 

9*75*495 
9-752642 


Cotang. 


Cotang. 


1      5 
f    10 

5  15 

4    20 

6  25 

6  30 

7  34 

8  39 

9  44 

0  49 

1  54 
a    59 

3  64 

4  69 
6     74 

6  79 

7  84 

8  89 

9  93 

20  98 

21  103 

22  108 

23  113 
94  118 

25  123 

26  128 

27  133 

28  138 
•2y  143 
30  148 


0*256248 
0*256099 
0*255950 
o  255801 
0*255652 
0*255504 

0*255355 
0*255206 
0*255057 
0*254908 
0*254760 


Secant 


0*254611 
0*254462 
0*254314 
0*254165 
0*254017 

0*253868 
0*253719 
0*253571 
0*253423 
0*253274 


0*253126 
0*252977 
0*252829 
0*252681 
0*252532 

0*252384 
0*252236 
0*252087 
0-251939 
0*251791 


0*251643 
0*251495 
0*251347 
0*251199 
0*251051 

0*250903 
0*250755 
0*250607 
0*250459 
0*250311 


0*250163 
0*250015 
0*249867 
0*249719 
0249572 

0*249424 
o' 249276 
0*249128 
0*248981 
0*248833 


0*248685 
0*248538 
0*248390 
0*248243 
0*248095 

0*247948 

0-247800 
0*247653 
0-247505 
0*247358 


Parts  Tangent 


0*058181 
0-058216 
0-058251 
0*058286 
0*058321 
0*058356 

0*058391 
0*058426 
0*058461 
0*058496 
0*058531 


0*058567 
0*058602 
0*058637 
0-058672 
0*058707 

0*058742 
0*058778 
0-058813 
0*058848 
0-058883 


0*058919 
0*058954 
0*058989 
0*059025 
0*059060 

0*059095 
0-059130 
0*059166 
0*059201 
0-059237 


0*059272 
0*059307 

0*059343 
0*059378 

0*059414 

0*059449 
0*059484 
0*059520 
0-059555 
0059591 


0-059626 
0*059662 
0*059697 
0-059733 
0*059769 

0*059804 
0*059840 
0*059875 
0*0^9911 
0*059946 


0*059982 
O'o6oox8 
0-060053 
0*060089 
0*060x25 

0*060160 
0*060196 
0*060232 
0*060267 
0*060303 


Pftrts  Cosine 


I 

2 
4 

5 

6 

7 
8 


1' 
2 

3 
4 
6 

6 
7 
8  9 
9X1 
0  12 

113 

214 

315 

4  16 
618 

619 

720 
821 

922 
2023 

91  25 

2226 

23  27 
2428 
2629 

2630 
2731 
2833 

2934 
8O35 


9-941819 
9*941784 

9941749 
9*941714 

9*941679 

9*941644 

9*94x609 
9*941574 

9*941539 
9*941504 

9*941469 


9*941433 
9*941398 

9-941363 

9-941328 

9*941293 

9*941258 
9*941222 
9*94x187 
9*94x152 

9941117 


X 

2 

4 

5 

6 

7 
8 


1 

2 
3 
4 
6 

6 
7 
8  9 
9X1 
O12 

113 
214 
315 

4  17 
6x8 

619 
720 
821 

922 

90  24 

21  25 
2226 
2327 
24  28 
26  30 

2631 
2732 
28  33 

2934 
30  36 


Cosec* 


Parts 


9*941081 
9*941046 
9*941011 

9*940975 
9.940940 

9*940905 
9*940870 
9*94«834 
9*940799 
9*940763 


9*940728 
9-940693 
9*940657 
9*940622 
9*940586 

9*940551 
9*940516 
9*940480 

9940445 
9*940409 


9940374 
9*940338 

9940303 

9*940267 

9*940231 

9*940196 
9*940160 
9-940125 
9*940089 
9*940054 


9*940018 
9939982 

9*939947 
9*939911 

9939875 

9*939840 

9*939804 
9*939768 

9*939733 
9.939697 


« 

58 
56 
54 
52 

50 

48 

46 
44 

42 


34 
32 
30 


24 
22 

20 

18 
16 
14 
12 
10 

8 

6 
4 

2 

3 
56 
56 
54 
02 
SO 

48 
46 
44 


f  It 


34 
32 

30 


Sine 


18 
16 

u 
It 
10 

8 

6 
4 

2 
0 


60 

30 

59 

30 

68 

3P 
30 

66 
so 
66 

3> 

64 

so 
63 

30 

62 

30 
61 

30 
60 

30 

49 

30 

48 

30 

47 
39 

46 

30 
45 

30 
44 

30 

43 

30 

48 

30 
41 

30 
40 

30 

39 

30 
38 
30 

37 

30 

36 
so 
36 

30 

84 

30 

33 

so 

32 

so 
31 

so 
SO 


/// 


4*1  2" 


TABLE  68 


751 


LOO.  SINES.  COSINES.  &c. 


\^  58"* 


29^ 


/  f / 


30 
ao 
31 

30 

39 

ao 

33 
ao 
34 

80 
35 


36 

30 

37 


39 

an 
40 


ao 
41 

30 

42 

30 

43 

30 

44 

ao 
45 


30 

46 

30 

47 
30 

48 
30 

49 

30 
50 


0 

s 

4 

0 

8 

10 

19 
14 
10 

18 
90 

St 
94 


SI 
34 
30 

38 
40 

49 
44 

46 
48 
90 

92 
94 
90 

98 


51 

30 

62 
30 

63 

30 
64 

30 
66 


66 
ao 
67 

30 

68 

80 

69 
80 

80 


9 
4 
0 
8 
10 

19 
14 
10 
18 
90 

99 
94 
90 
98 
80 

39 
34 
30 

38 
40 

49 
44 

46 
48 
90 

59 
94 
96 
98 
60 


ff^au 


Sine 


9699339 
9*692450 
9*692562 
9*692674 
9*692785 
9*692897 

9*693008 
9*693119 
9*693231 
9-693342 

9*693453 


9*693565 
9*693676 
9*693787 
9*693898 
9*694009 

9*694120 
9*694231 
9*694342 
9-694453 
9*694564 


9*694675 
9*694786 
9-694897 
9-695007 
9*695118 

9-695229 
9-695339 
9*695450 
9*695561 
9-69^671 


9*695782 
9*695892 
9*696003 
9*696113 
9*696223 

9*696334 
9-696444 
9-696554 
9*696664 
9*696775 


9*696885 
9*696995 
9*697105 
9-697215 
9*697325 

9*697435 

9*697545 
9*697654 

9-697764 19    70 

9*697874120    73 

77 
81 

84 
88 
92 

95 

27  99 

28  103 

29  106 

30  1 10 


Fkrte 


I 


// 


4 

7 
II 

15 

18 

8  22 

7  26 

8  30 

9  33 

10  37 

11  41 

12  44 

13  48 

14  52 

15  56 

18  59 

17  63 

18  67 

19  70 

20  74 

21  78 

22  81 

23  85 
M  89 
25  93 

28    97 

27  100 

28  IQ4 

29  X07 

30  III 


1 
9 
3 

4 
6 

8 

7 

8 

9 

10 

11 
12 
13 
14 
16 

18 

17 
18 


4 

7 
II 

15 

18 

22 
26 
29 

33 
37 

40 

44 
48 

Si 
55 

II 

66 


22 

23 

24 
26 


9*697984  21 

9*698094 

9*698203 

9*698313 

9698423 

9*69853228 

9*698642 

9*698751 

9*698861 

9*698970 


Cooec* 


10*307661 
10*307550 
10*307438 
10*307326 
10*307215 
10*307103 

10*306992 
10-306881 
10*306769 
10*306658 

10-306547 


10*306435 
10*306324 
10*306213 
10-306102 
10*305991 

10*305880 
10*305769 
10*305658 

'0'305547 
10*305436 


10*305325 
10*305214 
10*305103 
10-304993 
10*304882 

10*304771 
10*304661 
10*304550 
IO-304439 
10*304329 


10*304218 
10*304108 
10*303997 
10*303887 
10*303777 

10*303666 

io*303556 
10*303446 

10*303336 

10*303225 


10*303115 
10*303005 
10*302895 
10*302785 
10*302675 

10*302565 
10*302455 
10*302346 
10*302236 
10*302126 


Coome 


Pun 


10*302016 
10*301906 
10*301797 
10*301687 
10*301577 

10*301468 
10*301358 
10*301249 
10*301139 
10*301030 


Tangent 


9*752642 

9*759789 
9*752937 

9753084 
9*753*3 > 
9753379 
9*753526 

9*753673 
9-753820 

9*753967 

9*754115 


9*754262 
9.754409 

9*754556 
9*754703 

9*754850 

9*754997 

9*755>44 
9-755291 

9755438 
975558s 


11 
12 

13 
14 
16 

18 
17 
18 
19 
20 


9*75573" 
9*755878 

9*756025 

9*756172 

9*756319 

9*756465 
9*756612 
9*756759 
9*756905 
9*757052 


9*757199 

9*757345 

9*75749* 
9*757638 

9*757785 
9*757931 
9*758078 
9*758224 

9*758371 
9*7585»7 


9*758663 
9*758810 
9*758956 
9*759102 
9*759248 

9*759395 

9*75954' 
9*759687 

9759833 
9*759979 


Secant 


9*760126 
9*760272 
9*760418 
9*760564 
9*760710 

9*760856 
9*761002 
9*761148 
9*761293 

9*761439 


Parta 


1 
2 
3 

4 
6 

8 
7 
8 
9 
10 


u 


5 
10 

"5 

20 

»5 
29 

34 
39 
44 
49 

54 

59 
64 

69 

73 

78 

83 
88 

93 
98 

91  103 

92  108 
23  113 
94  118 
96  122 

96  127 

97  132 

»37 
99  142 
80  147 


I 

9 
S 
4 
6 

8 
7 


5 
lo 

>5 
19 

14 
99 
34 


8  39 
»  44 


0  49 

1  54 
9  58 

8  63 

4  68 

6  73 


8  78 

7  83 

8  88 

9  93 

90  97 

91  102 
99  107 

93  112 

94  117 

95  122 

98  127 

97  131 

98  136 

99  141 
30  146 


Cotang. 


10*247358 
10*247211 
10*247063 
10*246916 
10*246769 
10*246621 

90*246474 
10*246317 
10*246180 
10*246033 
10-245885 


10-245738 
10-245591 
,0*245444 
10*245297 
10*245150 

10-245003 
10*244856 
10-244709 
10*244562 
10*244415 


10*244269 
10*244122 
10243975 
10*243828 
10*243681 

10-243535 
10*243388 
10-243241 
10-243095 
10*242948 


10*242801 
10*242655 
10*242508 
10*242362 
10*242215 

10*242069 
10*241922 
10-241776 
10*241629 
10*241483 


10*241337 
10*241190 
10*241044 
10*240898 
10*240752 

10*240605 
10*240459 
10*240313 
10*240167 
10*240021 


Cotang. 


Fkrta 

60^ 


10*239874 
10*239728 
10-239582 
10*239436 
10*239290 

10*239144 
10*238998 
10*238852 
10*238707 
10*238561 


Secant 


0*060303 
0*060339 
0*060375 
0*060410 
0*060446 
0*060482 

0*060518 
0*060554 
0*060590 
0*060625 
0*060661 


0-060697 
0*060733 
0*060769 
0*060805 
0-060841 

0*060877 
0*060913 
0-060948 
0*060984 
0*061020 


0*061056 
0*061092 
0*061128 
0*061 164 

0'06l200 

0*061237 
0*061273 
0*061309 
0*061345 
0-061381 


0*0614x7 
0*061453 
0*061489 
0*061525 
0*061561 

0*061598 
0*061634 
0*061670 
0*061706 
0*061742 


0*061779 
0-061815 
0*061851 
0*061887 
0*061924 

0*061960 
0*061996 
0*062033 
0*062069 
0*062105 


Tangent  I 


0*062142 
0*062178 
0*062214 
0*062251 
0*062287 

0*062324 
0-062360 
0*062396 
0-062433 
0-062469 


Cosec. 


Parti 


1" 

9 

3 

4 
5 

8 

7 


I 

2 

4 

5 
6 

7 
8 

810 

911 

0  12 

113 

914 
315 

4  17 

5  18 

8  19 

720 
822 
923 

90  24 

91  25 

9226 
9328 
9429 

2630 

2631 
9731 
28  34 
2935 
3036 


Cootm 


9*939697 
9*939661 

9*939625 

9'939590 
9*939554 
9-939518 

9*939482 

9*939446 
9*939410 

9*939375 
[9*9S9339 


9*939303 
9*939267 

9*939231 

9*939195 

9*939«59 
9-939123 
9*939087 
9*939052 
9-939016 
9*938980 


1 

2 
3 

4 
6 

6 

7 


1 

2 

4 

5 

6 

7 
8 

810 

9ii 

0  12 

113 
914 
3  16 

417 

5  18 

6  19 

7  20 

822 
923 

90  24 

91  25 
9226 
23  28 
2429 
2630 

2831 
9732 
2834 
2935 
30  36 


Parts 


9*938944 
9-938908 
9-938872 
9*938836 
9-938800 

9*938763 

9-938797 
9*938691 
9938655 
9938619 


9*938583 

9*938547 
9*938fii 

9*938475 
9*938439 
9*938402 
9938366 
9*938330 
9*938294 
9*938258 


9-938221 
9-938185 
9-938149 
9-938113 
9' 938076 

9*938040 
9-938004 

9*937967 
9937931 

9*937895 


9*937858 

9*937822 

9*937786 
9.937749 

9*9377»3 
9*937676 
9.937640 
9-937604 

9937567 
9*93753' 


Sine 


a 

98 
90 
94 
99 
90 

48 
46 
44 
49 
40 

38 
36 
34 
89 
30 


94 
99 

90 

18 
16 
14 
19 
10 

8 
6 

4 

9 

1 

98 
90 
94 
99 
90 

48 
46 
44 


34 

39 

30 

98 
96 
94 
99 
90 

18 
16 
14 
19 
10 

8 
0 

4 
9 
0 


// 


30 

80 

29 

30 

28 

30 

27 

30 

26 

30 

26 

30 

U 

30 

23 

30 

22 

30 

21 

30 

20 

80 

19 

30 

18 

30 

17 

31 

16 

3C 
15 

30 
14 

31 

12 

30 

u 

30 
10 

30 

9 

30 

•a 


8 

30 

j6_ 

30 
4 

30 

8 

30 

2 

30 

] 

30 

0 


/// 


4*'  0 


m 


762 


TABLE  68 


I.OG.  SINES,  rOSTNKS,  &c. 


2h  0 


m 


30^ 


/  // 

30 

I 

30 

2 

30 

3 

30 

4 

80 
5 

30 

6 

30 

7 
so 

8 

30 

9 

30 

10 


30 
11 

80 

12 

30 

13 

30 
14 

30 
16 


30 

16 

30 

17 

80 

18 

80 

19 

80 

80 


80 

21 

80 

28 

30 

88 

30 

24 

30 

26 


30 

26 

30 

27 

30 

28 

30 

29 

30 

30 
/  n 


0 
2 
4 
({ 
H 
10 

12 
14 
16 
18 
30 

22 
24 
26 
28 
30 

82 
84 

36 
38 
40 

42 
44 

46 

48 
50 

52 
54 

66 

56 

1 

2 

4 

6 

8 

10 

12 
14 
16 
18 
20 

22 
24 
20 
28 
80 

32 
34 

36 
38 
40 

42 
44 
40 
48 
50 

5-2 
54 

56 

58 

a 


Sine 


9' 698970 
9699079 
9*699189 
9*699298 
9*699407 
9*699517 

9*699626 
9*699735 
9-699844 
9*699953 
9-700062 


9*700171 
9*700280 
9*700389 
9*700498 
9*700607 

9*700716 
9*700825 
9-700933 
9*701042 
9*701151 


9*701159 
9*701368 
9*701477 
9*701585 
9*70x694 

9*701802 
9*701911 
9*702019 
9*702127 
9*702236 


9-702344 
9*702452 
9*^2561 
9*702669 
9*702777 

9*702885 
9*702993 
9*703101 
9*703209 
9*703317 


9-7034.25 

9*7^3533 
9*703641 

9  703749 
9*703856 

9*703964 
9*704072 
9*704179 
9*704287 

9*704395 


«. 


9*704502 
9*704610 
9*704717 
9*704825 
9*704932 

9*705040 
9*705147 
9  705254 
9*705362 
9-705469 


Ptirts 


1"    4 

a  7 

3  11 

4  14 
6  18 

6  22 

7  25 

8  29 

9  33 

10  36 

11  40 

12  44 

13  47 

14  51 
16  54 

16  58 

17  62 

18  65 

19  69 

20  72 

21  76 

22  80 

23  83 

24  87 

25  91 

26  94 

27  98 

28  101 

29  105 

30  109 


1 
2 
3 

4 
5 


4 

7 
II 

H 
18 


6  22 

7  25 

8  29 

9  32 

10  36 

11  39 

12  43 

13  47 

14  50 

15  54 

16  57 

17  61 

18  64 

19  68 

20  72 

21  75 

22  79 

23  83 

24  86 

25  90 

26  93 

27  97 

28  100 

29  104 

30  108 


Codne 


Cooec. 


10*301030 
10*300921 
10*300811 
10*300702 
10*300593 
10*300483 

10*300374 
10*300265 
10*300156 
10*300047 
10*299938 


10*299829 
10*299720 
10*299611 
10*299502 
10*299393 

10*299284 
10*299175 
10*299067 
10*298958 
10*298849 


10*298741 
10*298632 
10*298523 
10*298415 
10*298306 

10*298198 
10*298089 
10*297981 
10*297873 
10*297764 


10-297^56 
10*297348 
10*297439 
10-297331 
10*297223 

10*2971x5 
10-297007 
10*296899 
10*296791 
10*296683 


10*296575 
10*296467 
10*296359 
10*296251 
10*296144 

10*296036 

IO*295«>?3< 

10*295821 
10*295713 
10*295605 


Parts 


10*295498 
10*295390 
10*295283 
10*295175 
10*295068 

10*294960 
10*294853 
10*294746 
10*294638 
10-294531 


Tangent 


9*761439 
9*761585 
9*761731 
9-761877 
9*762023 
9*762168 

9-762314 
9*762460 
9*762606 
9*762751 
9*762897 


9*763043 
9*763188 

9*763334 
9-763479 

9*763625 

9*763770 
9*763916 
9*764061 
9*764207 
9*764352 


9*764497 
9*764643 
9*764788 

9*764933 
9*765079 

9*765224 
9*765369 
9*765514 
9*765660 
9-765805 


1 
2 
3 

4 
5 

6 
7 
6 
9 
20 

21 


9*765950 
9*766095 
9*766240 
9*766385 
9*766530 

9*766675 
9*766820 
9*766965 
9*767110 
9*767255 


9-767400 

9*767545 
9*767690 

9'767834 
9-767979 

9*768124 
9*768269 
9*768414 
9*768558 
9*768703 


9*768848 
9*768992 
9-769137 
9*769281 
9*769426 

9*769571 
9-769715 

y- 769860 
9-770004 
9*770148 


Parts 


5 


5 


I" 
2  10 
3 

4 
5 

6 
7 
8 
9 
0 


»4 
29 

34 
39 
44 
48 

53 

58 

63 
68 

73 

78 
82 

87 
92 

97 


102 

22  107 

23  112 

24  X16 

25  121 

26  126 

27  131 

28  136 

29  14X 

30  145 


»   5 

2  10 

3  14 

4  19 
6  24 

6  29 

7  34 

8  39 

9  43 
10  48 

"  53 

12  58 

13  63 

14  68 

15  72 

16  77 

17  82 

18  87 

19  92 

20  97 

21  lOi 

22  106 

23  III 

24  1X6 

25  121 

26  126 

27  130 
28135 

29  140 

30  145 


Cotang. 


Secant   I  Cotang. 


Parts 
"59° 


0*238561 
0-238415 
0-238269 
0*238123 
0-237977 
0*237832 

0*237686 

0*237540 
0*237394 

0*237249 

0*237103 


0*236957 
0*236812 
0-236666 
0*236521 
0*236375 

0*236230 
0-236084 
0*235939 
0235793 
0*235648 


0*235503 
0*235357 
0*235212 
0*235067 
0*234921 

0*234776 
0*234631 
0*234486 
0*234340 
0*234195 


0*234050 
0*233905 
0*233760 
0*233615 
0-233470 

0-233325 
0*233180 
0-233035 
0*232890 

0*232745 


0*232600 
0*232455 
0*232310 
0*232166 
0*232021 

0*231876 
0*231731 
0*231586 
0*231442 
0*231297 


0*231152 
0*231008 
0*230863 
0*2307x9 
0*230574 

0*230429 
0*230285 
0*230140 
0*229996 
0*229852 


Secant 


0*062469 
0*062506 
o'c62542 
0-062579 
0-062615 
0-062652 

0*062688 
0*062725 
0*062762 
0*062798 
0*062835 


0*062871 
0*062908 
0*062944 
0*06298 1 
0*063018 

0-063054 
0*063091 
0*063128 
0*063164 
0*063201 


0*063238 
0*063275 
0*063311 
0*063348 
0*063385 

0*063422 
0*063458 
0*063495 
0*063532 
0*063569 


0*063606 
0*063643 
0*063680 
0*063716 
0*063753 

0*063790 
0*063827 
0*063864 
0*063901 
0*063938 


0*063975 
0*064012 
0*064049 
0*064086 
0*064x23 

0*064160 
0*064197 
0*064234 
0*06427  x 
0*064308 


0*064345- 
0*064382 
0*0644x9 
0*064457 
0*064494 

0*064531 
0*064568 
0*064605 
0*064642 
0*064680 


ParU 


l"i 

2  2 

3  4 

♦    5 

5  6 

6  7 

7  9 

8  xo 

9ii 

10  12 

11  13 
1215 

13  16 

14  17 

15  18 

16  20 

i72r 

18  22 
1923 

20  24 

21  26 
2227 
2328 
2429 
2531 

2632 

2733 
2834 

2935 

30  37 


1 
2 
3 

4 
6 

6 

7 


x 

2 

4 

5 

6 

7 
9 


810 
9X1 
O12 

114 
2x5 

3x6 

4  17 
5x8 

620 

7  21 

822 

924 

2025 

21  26 
2227 
23  28 
2430 
2531 

2632 

2733 
2835 

2936 
3037 


Cosine  I*?' 


9*93753« 

9*937494 

9*937458 
9*937421 

9*937385 
9*937348 

9*937312 

9*937275 
9*937238 

9*937202 

9*937165 


9*937x29 
9*937092 
9*937056 
9*937019 
9*936982 

9*936946 
9-936909 
9*936872 
9*936836 
9*936799 


9*936762 
9.936725 
9*936689 
9*936652 
9*936615 

9*936578 
9-936542 
9*936505 
9.936468 

9*93643' 


9*936394 

9*936357 
9*936320 

9*936284 

9*936247 

9*936210 
9*936173 
9*936136 
9*936099 
9*936062 


9936025 
9*935988 

9*93595> 
9*9359»4 
9*935877 
9*935840 
9*935803 
9*935766 

9*935729 
9935692 


9935655 
9*935618 

9*935581 

9*925543 
9*935506 

9*935469 
9*935432 

9*935395 
9*935358 
9*935320 


Tangent       Coaec.    I  Parts 


Sine 


60 

58 
56 
54 
53 
50 

48 
40 
44 
42 
40 

38 
36 

34 

30 

28 
26 
24 
22 
20 

18 
16 
14 
12 
10 

8 
6 
4 
2 
89 

58 

S6 
54 
52 
50 

48 
46 
44 
42 
40 

38 

30 
34 

St 
30 

28 
26 
24 

Vt 
M 

18 
16 
14 
12 
10 

8 

6 
4 

2 
0 


/  / 


— 


GO 

30 

» 

30 

S7 

30 

56 
ao 

30 

M 

31 

53 

30 

52 

30 
51 
30 

60^ 

30 

49 

30 

48 

30 

47 
30 

46 

30 

ii 

30 
44 

30 

43 

30 

42 
30 

41 
30 

40 


30 

39 

30 

38 

30 

37 

30 

36 

30 

33 


JO 

34 

30 

33 

30 

32 

30 

31 

30 

30 


/  /' 


d*-  58 


ni 


TABLE  68 


75S 


LOG.  SINES,  COSINES,  &c.                                                       | 

2h  a*" 

ao® 

1  •• 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

■■ 

'  // 

SO 

0 

9-705469 

10-294531 

9-770148 

10*229852 

10*064680 

9*935320 

5a 

3U 

30 

t 

9705576 

1" 

4 

10*294424 

9*770293 

1"    5 

10-229707 

10*064717 

l"i 

9*935»83 

58 

30 

31 

4 

9-705683 

2 

7 

10*294317 

9*770437 

2     10 

10-229563 

10*064754 

2  2 

9*935246 

56 

2D 

30 

0 

9-705790 

3 

11 

10*294210 

9*770582 

3     14 

10*229418 

10*064791 

3  4 

9-935209 

5-1 

30 

Hi 

8 

9-705898 

4 

H 

10*294102 

9*770726 

4     19 

10*229274 

10*064829 

4    5 

9-935171 

52 

2« 

30 

10 

9-706005 

5 

18 

10-293995 

9-770870 

5    24 

10*229130 

10*064866 

5    6 

9935134 

50 

30 

33 

IS 

9-706112 

6 

21 

10-293888 

9-771015 

6    29 

10-228985 

10*064903 

6    7 

19*935097 

48 

27 

so 

14 

9*706219 

7 

as 

10-293781 

9*77"S9 

7    34 

10-228841 

10*064940 

7   9 

9*935060 

46 

30 

34 

16 

9-706326 

8 

28 

10*293674 

9*771303 

8    38 

10*228697 

10-064978 

8  10 

9*935022 

41 

20 

30 

18 

9'7o6433 

9 

3* 

10*293567 

9*771448 

9    43 

10*228552 

10*065015 

9ii 

9934985 

43 

30 

35 

30 

SO 
» 

9-706539 

10 
11 

36 
39 

10-293461 

9*771592 

10  48 

11  53 

10-228408 

10*065052 

10  12 

11  14 

9*934948 

40 
38 

25 

30 

9*706646 

10-293354 

9*771736 

10*228264 

10*065090 

9*934910 

38 

M 

9*706753 

19 

43 

10*293247 

9*771880 

12     58 

10*228120 

10*065127 

1215 

9-934873 

36 

24 

30 

90 

9-706860 

13 

46 

10*293140 

9*772024 

13    62 

10-227976 

10*06516.,  ^  13  16 

9934836 

34 

30 

37 

18 

9*706967 

14 

SO 

10-293033 

9-772168 

14     67 

10-227832 

10*065202 

1417 

9-934798 

32 

23 

30 

30 

9-707073 

15 

S3 

10-292927 

9-772312 

15    72 

io-9f,688 

10*065239 

15  19 

9-934761 

30 

30 

38 

31 

9-707180 

16 

57 

10-292820 

9*771457 

16    77 

10-227543 

10*065277 

16  20 

9*9347»3 

38 

22 

30 

34 

9*707287 

17 

61 

10-292713 

9*772601 

17     82 

10*227399 

10*065314 

17  21 

9*934686 

36 

30 

39 

36 

9-707393 

18 

64 

10-292607 

9-772745 

18    86 

10-227255 

10*065351 

18  22 

9*934649 

34 

21 

30 

38 

9-707500 

19 

68 

10*292500 

9-772889 

19    91 

10-227111 

10-065389 

1924 

9*934611 

22 

30 

40 

80 

40 
42 

9*707606 

20 
21 

71 
75 

10*292394 

9*773033 

20  96 

21  101 

10-226967 

10*065426 

20  25 

21  26 

9*934574 

20 

18 

20 

9-707713 

10-292287 

9'773»77 

10*226823 

10*065464 

9*934536 

30 

41 

M 

9-707819 

22 

78 

10*292181 

9-773321 

22  106 

10-226679 

10*065501 

2227 

9*934499 

16 

19 

30 

Mi 

9*707926 

23 

82 

10*292074 

9*773465 

23  110 

10*226535 

10-065539 

2329 

9*934461 

14 

30 

42 

48 

9*708032 

24 

«5 

10*291968 

9-773608 

24  115 

10*226392 

10*065576 

2430 

9-934424 

12 

18 

30 

90 

9-708139 

25 

89 

10*291861 

9*773752 

25  120 

10*226248 

10*065614 

2531 

9*934386 

10 

30 

43 

52 

9*708245 

26 

92 

10-291755 

9-773896 

26  125 

10*226104 

10*065651 

2632 

9*934349 

8 

17 

30 

M 

9*708351 

27 

96 

10*291649 

9-774040 

27  130 

10*225960 

10-065689 

2734 

9-934311 

6 

30 

44 

56 

9*708458 

28 

99 

10*291542 

9*774184 

28  134 

10*2258*16 

10-065726 

2835 

9*934274 

4 

18 

30 

58 

9*708564 

29 

103 

10*291436 

9*7743*8 

29139 

10*225672 

10-065764 

2936 

9-934236 

2 

30 

45 

30 

3 

2 

9-708670 

30 

107 

10-291330 

9*77447 1 

SO  144 

10*225529 

10*065801 

3037 

9934199 

57 

58 

15 

9-708776 

1 

4 

10*291224 

9*774615 

1      5 

10*225385 

10-065839 

1  I 

9*934161 

30 

48 

4 

9-708882 

2 

7 

10-291118 

9*774759 

2    zo 

10*225241 

10*065877 

«   3 

9*934123 

56 

14 

30 

6 

9*708988 

3 

11 

10-291012 

9*774902 

8    14 

10*225098 

10*065914 

3   4 

9-934086 

54 

30 

47 

8 

9-709094 

4 

H 

10-290906 

9-77S046 

4     ,9 

10*224954 

10*065952 

♦   5 

9*934048 

52 

13 

30 

10 

9-709200 

5 

18 

10-290800 

9-775190 

5    24 

10*224810 

10*065989 

5   6 

9*934011 

50 

30 

48 

12 

9*709306 

6 

21 

10*290694 

9*775333 

6    29 

10*224667 

10*066027 

6   8 

9*933973 

48 

12 

M 

14 

9-709412 

7 

*5 

10-290588 

97775477 

7    33 

10*224523 

10*066065 

7   9 

9*933935 

46 

30 

49 

16 

9-709518 

8 

28 

10*290482 

9*775621 

8    38 

10*224379 

10*066102 

8  10 

9*933898 

44 

11 

so 

18 

9-709624 

9 

32 

10*290376 

9*775764 

•»    43 

10*224236 

10*066140 

9ii 

9-933860 

42 

30 

50 

30 

20 
22 

9-709730 

10 
11 

3S 
39 

10*290270 

9*775908 

10  48 

11  53 

10*224092 

10*066178 

10  13 

11  14 

9*933822 

4U 

38 

10 
30 

9*709836 

10*290164 

9*77605 1 

10*223949 

10-066216 

9*933784 

51 

24 

9*709941 

12 

42 

10-290059 

9*776195 

12    57 

10-223805 

(O-066253 

1215 

9*933747 

30 

9 

M 

36 

9*710047 

13 

46 

10*289953 

9*776338 

13    62 

10*223662 

10-066291 

13  16 

9.933709 

34 

30 

52 

28 

9-710153 

14 

49 

10*289847 

9*776482 

14     67 

10*223518 

10*066329 

14  18 

9*933671 

3-2 

H 

30 

30 

9*710259 

15 

S3 

10*289741 

9-776625 

15     72 

10*223375 

10*066367 

1519 

9933633 

30 

30 

53 

32 

9*710364 

16 

56 

10*289636 

9-776768 

16    76 

10-223232 

10*066404 

16  20 

9*933596 

28 

7 

30 

34 

9*710470 

17 

60 

10-289530 

9-776912 

17    81 

10*223088 

10*066442 

17  21 

9-933558 

•Hi 

30 

54 

36 

9*710575 

18 

63 

10*289425 

9*777055 

18    86 

10*222945 

10*066480 

18  23 

9.933520 

U 

(i 

30 

38 

9*710681 

19 

67 

10-289319 

9-777199 

19    91 

10-222801 

10*066518 

1924 

9.93348a 

22 

30 

55 

30 

40 
42 

9-710786 

20 
21 

70 
74 

10-289214 

9*777342 

20  96 

21  100 

10*222658 

10-066555 

20  25 

21  26 

9*933445 

20 
18 

5 

30 

9*710892 

10*289108 

9'77748$ 

10-222515 

10*066593 

9*933407 

56 

4» 

9*710997 

22 

77 

10*289003 

9-7776^8 

22  105 

10*222372 

10-006631 

2228 

9.933369 

16 

4 

30 

46 

9*711103 

23 

81 

10*288897 

977777a 

23  110 

10-222228 

10*066669 

23  29 

9-933331 

14 

30 

57 

48 

9*711208 

24 

85 

10*288792 

9-777915 

24  T15 

10*222085 

10*066707 

2430 

9*933293 

12 

3 

30 

50 

9*711313 

25 

88 

10-288687 

9-778058 

25  119 

10*221942 

10*066745 

2532 

9*933255 

10 

30 

58 

52 

9-711419 

26 

9* 

10*288581 

9*778201 

26  124 

10-221799 

10-066783 

2633 

9*933217 

8 

2 

30 

54 

9-711524 

27 

95 

10*288476 

9*778344 

27  129 

10*221656 

10*066821 

37  34 

9*933179 

6 

3U 

59 

56 

9-711629 

28 

99 

10-288371 

9*778488 

28  134 

10-221512 

10-066859 

2835 

9*933141 

4 

1 

30 

5S 

9*711734 

29 

102 

10-288266 

9*778631 

29139 

10-221369 

10*066896 

tWi7 

9*933104 

3 

30 

69 

« 

9-711839 

30  106 

10-288161 

9*778774 

30  143 

10*221226 

10*066934 

30  38 

9*933066 

0 

0 

/  // 

m. 

Cosine     Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

m. 

/   // 

59 


3^  66'" 
sc 


764 


TABLE  68 


LOG.  SINES,  COSINES,  «cc.                                                       | 

.^h  4.n 

31° 

/  // 

~o" 

m. 

9. 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cfitang. 

1    Secant 

Parts 

Cosine 

/  // 

0 

9-711839 

10-288161 

9778774 

10*321226 

10*066934 

9*933066 

S6 

«0 

30 

'i 

9-711944 

1"    3 

10*288056 

9*778917 

1"    5 

10*221083 

10-066972 

I'l 

9-933028 

W 

30 

1 

4 

9-7I205C 

9 

7 

10-287950 

9-779060 

2     10 

10-220940 

10-067010 

2   3 

9-932990 

56 

59 

30 

0 

9-712155 

3 

10 

10-287845 

9-779203 

3     14 

10*220797 

10*067048 

3  4 

9*932952 

54 

90 

2 

8 

9-712260 

4 

H 

10*287740 

9*779346 

4     19 

10*220654 

10-067086 

*   5 

9-932914 

52 

58 

30 

10 

9-712365 

5 

17 

10-287635 

9779489 

5    24 

10*220511 

10*067124 

5   6 

9*932876 

50 

30 

3 

13 

9-712469 

6 

21 

10-287531 

9-779632 

6    29 

10*220368 

10*067162 

6   8 

9-932838 

48 

67 

30 

14 

9712574 

7 

^4 

10-287426 

9779775 

7    33 

10*220225 

10*067200 

7   9 

9-932800 

46 

SO 

4 

16 

9-7"679 

8 

28 

10-287321 

97799»8 

8     38 

10-220082 

10*067238 

8  10 

9-932762 

44 

56 

30 

18 

9-712784 

9 

31 

10-287216 

9-780061 

9    43 

10-219939 

10*067276 

9ii 

9-932724 

42 

30 

5 

30 

20 
23 

9-712889 

10 
11 

35 
38 

10-287111 

9*780203 

10    48 

n    52 

10*219797 

10-067315 

10  13 

11  14 

9-932685 

4A 

3H 

55 

36 

9-712994 

10-287006 

9-780346 

10-219654 

10-067353 

9-932647 

6 

24 

9-713098 

12 

4* 

10-286902 

9-780489 

12   57 

10*219511 

10-067391 

1215 

9-932609 

X 

54 

30 

20 

9-713203 

13 

45 

10-286797 

9-780632 

13     62 

10-21936S 

10*067429 

13  17 

9-932571 

34 

so 

7 

28 

9-713308 

14 

49 

10*286692 

9780775 

14     67 

10-219225 

10*067467 

14  18 

9-932533 

32 

53 

30 

30 

9-713412 

15 

5» 

10-286588 

9780917 

15     71 

10*219083 

10*067505 

1519 

9-932495 

30 

30 

8 

32 

9-713517 

16 

56 

10-286483 

9-781060 

16    76 

10*218940 

10-067543 

16  20 

9'93»457 

is 

52 

30 

U 

9-713621 

17 

59 

10*286379 

9*781203 

17     81 

10*218797 

10-067581 

17  22 

9*932419 

26 

80 

9 

36 

9713726 

18 

63 

10*286274 

9781346 

18    86 

10-218654 

10-067620 

I823 

9-932380 

24 

51 

30 

38 

9-7i383» 

19 

66 

10-286169 

9-781488 

19    90 

10*218512 

10-067658 

1924 

9*932342 

2t 

30 

10 

30 

40 
42 

9-713935 

20 
21 

70 
73 

10*286065 

9*781631 

20  95 

21  100 

10*218369 

10*067696 

20  25 

21  27 

9-932304 

20 

18 

50 

so 

9-714039 

10-285961 

9781774 

10*218226 

10-067734 

9*932266 

II 

44 

9-714144 

22 

77 

10-285856 

9-781916 

22  105 

10*218084 

10-067772 

2228 

9*932228 

49 

30 

46 

9-714248 

23 

80 

10-285752 

9782059 

23  109 

10*217941 

10-067811 

2329 

9-932189 

so 

12 

48 

9-714352 

24 

84 

10*285648 

9*782201 

24  114 

10*217799 

10-067849 

2430 

9932151 

48 

30 

50 

9'7i4457 

25 

87 

10*285543 

9*782344 

25  119 

10*217656 

10*067887 

2532 

9*931113 

80 

13 

92 

9-714561 

26 

91 

10-285439 

9-782486 

26  124 

10-217514 

10*067925 

2633 

9-932075 

47 

30 

54 

9-714665 

27 

94 

10*285335 

9-782629 

27  129 

10*217371 

10*067964 

2734 

9-932036 

SO 

14 

56 

9-714769 

28 

98 

10*285231 

9-782771 

28133 

10*217229 

10*068002 

2836 

9-931998 

4f 

30 

58 

9-714873 

29 

101 

10*285127 

9-782914 

29  138 

10*217086 

10*068040 

2937 

9-931960 

30 

15 

30 

s 

2 

9*714978 

30 

105 

10*285022 

9-783056 

30  143 

10-216944 

10*068079 

30  38 

9-931921 

8S 

» 

45 

9*715082 

I 

3 

10*284918 

9*783199 

I        5 

io'2i68oi 

10*068117 

1    I 

9-931883 

30 

16 

4 

9*715186 

2 

7 

10*284814 

9*783341 

a     9 

10-216659 

10068155 

2    3 

9-931845 

M 

44 

30 

6 

9715290 

3 

10 

10*284710 

9*783483 

3    14 

10-216517 

10*068194 

3   4 

9*931806 

M 

so 

17 

8 

9*715394 

4 

H 

10*284606 

9*783626 

4     19 

10-216374 

10*068232 

*    5 

9*931768 

n 

43 

30 

10 

9-715498 

6 

«7 

10*284502 

9*783768 

5     24 

10*216232 

10-068270 

5    6 

9-931730 

50 

so 

18 

12 

9-715602 

6 

21 

10*284398 

9-783910 

6    28 

10*216090 

10*068309 

6   8 

9*931691 

48 

42 

30 

14 

9-715705 

7 

44 

10284295 

9-784053 

7    3'. 

10*215947 

10*068347 

7   9 

9*931653 

40 

so 

19 

10 

9-715809 

8 

28 

10-284191 

9-784195 

8     38 

10*215805 

10-068386 

8  10 

9*931614 

44 

41 

30 

18 

9-7i59»3 

9 

3' 

10*284087 

9784337 

9    43 

10*215663 

10*068424 

9  12 

9-931576 

42 

so 

20 

30 

20 
22 

9-716017 

10 
11 

35 
38 

10*283983 

9784479 

10  47 

11  52 

10*215521 

10-068463 

10  13 

11  14 

9*93>537 

40 

SB 

40 

so 

9-716121 

10-283879 

9-784622 

10*215378 

10-068501 

9-931499 

21 

24 

9716224 

12 

4» 

10*283776 

9*784764 

12     57 

10*215236 

10-068540 

1215 

9-931460 

30 

» 

30 

26 

9716328 

13 

45 

10-283672 

9*784906 

13     62 

10-215094 

10068578 

1317 

9-931422 

S4 

so 

22 

28 

9716432 

14 

49 

10-283568 

9-785048 

14    66 

10*214952 

10-068617 

14  18 

9-931383 

32 

38 

30 

30 

9716535 

15 

52 

10*283465 

9*785190 

15     71 

10*214810 

10*068655 

1519 

9*93 « 345 

St 

so 

23 

32 

9-716639 

16 

56 

10-283361 

9-785331 

16    76 

10*214668 

10*068694 

I621 

9-931306 

28 

37 

30 

34 

9-716742 

17 

59 

10*283258 

9785474 

17     81 

10*214526 

10*068732 

17  22 

9-931268 

20 

so 

24 

36 

9-716846 

18 

63 

10*283154 

9-785616 

18    85 

10*214384 

10-068771 

18  23 

9931229 

24 

9i 

30 

38 

9-716949 

19 

66 

10*283051 

9785758 

19    90 

10*214242 

10-068809 

1914 

9-931191 

22 

so 

25 

30 

40 
42 

9-717053 

20 
21 

69 

72 

10*282947 

9-7859^0 

20  95 

21  ICO 

10*214100 

10-068848 

20  26 

21  27 

9-931152 

20 

18 

35 

30 

9-717156 

10*282844 

9*786042 

10-213958 

10-068886 

9-931114 

20 

44 

9-717259 

22 

76 

10*282741 

9*786184 

22  IC4 

10-213816 

10*068925 

2228 

9-931075 

10 

34 

30 

46 

9-717363 

23 

79 

10*282637 

9*786326  ' 

23  109 

10*213674 

10-068964 

2330 

9*931036. 

14 

so 

27 

48 

9-717466 

24 

83 

10*282534 

9*786468  ' 

24  114 

10-213532 

io*c69<x>2 

2431 

9-930998 

12 

33 

30 

50 

9717569 

25 

86 

1^*282431 

9*786610  ' 

25  118 

10*213390 

10*069041 

2532 

9-930959 

10 

so 

28 

52 

9717673 

26 

90 

10*282327 

9786752  ' 

26  123 

10*213248 

10*069079 

2633 

9.930921 

8 

32 

30 

54 

9-717776 

27 

93 

10*282224 

9*786894  ' 

27  128   10*213106 

10*069x18 

2735 

9-930882 

6 

30 

29 

56 

9-717879 

28 

97 

10*282121 

9-787036  ' 

28  133   10-212964 

10-069157 

2836 

9-930843 

4 

31 

30 

58 

9-717982 

29  1 

[CO 

10-282018 

9-787178  • 

89  137 

10*212822 

10*069196 

2937 

9*930804 

2 

90 

30 

6 

9-71808S 

30  ] 

104 

10*281915 

9-787319  : 

30  142 

10-212681 

10-069234 

3039 

9-930766 

0 

SO 
/   // 

m. 

Cosine 

Parts 

Secant 

Cotaiig. 

ParU 

Tangent 

Cosec. 

Parts       Sine     | 

m. 

1                                                                       58°                                                     3'»54"      1 

TABLE 

68 

755 

LOG.  SINES,  COSINES.  &c. 

2b   gm                                                                             3,0 

/  // 
30 

m. 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

!  30 

0 

9-718085 

1 

10*281915 

9*787319 

10-212681 

10*069234 

9*930766 

5« 

M 

2 

9'7i8x8S 

»"  3 

10-281812 

9*787461 

1"    5 

10-212539 

10-069273 

l"i 

9-930727 

58 

30 

31 

4 

9*71829] 

2  7 

10-281709 

9*787603 

2      9 

10-212397 

10*069312 

2  3 

9-930688 

56 

29 

30 

6 

9-718394 

3    10 

10-281606 

9*787745 

3     14 

10*212255 

10-069350 

3   4 

9-930650 

54 

30 

33 

8 

9-718497 

4     14 

10-281503 

9-787886 

4     19 

10-212114 

10-069389 

*   5 

9-930611 

52 

28 

30 

10 

9-71860C 

6     17 

10*281400 

9-788028 

6    24 

10*211972 

10*069428 

5    6 

9-930572 

50 

30 

33 

IS 

9-718703 

6    20 

10-281297 

9*788170 

6    28 

10-211830 

10*069467 

6   8 

9*930533 

48 

27 

30 

14 

9-718806 

7    14 

10*281194 

9*788311 

7    33 

10-211689 

10*069506 

7   9 

9-930495 

46 

30 

04 

10 

9-718909 

8    27 

10-281091 

9-788453 

8     38 

10*211547 

10-069544 

810 

9-930456 

44 

26 

30 

18 

9'7i9oii 

9    31 

10*280989 

9*788595 

9    42 

10-211405 

10*069583 

912 

9-930417 

42 

30 

35 

20 
23 

9-719114 

10  34 

11  38 

10-2808^ 

9*788736 

10  47 

11  52 

10*211264 

10*069622 

10  13 
1114 

9-930378 

40 

38 

26 

80 

9-719217 

10-280783 

9-788878 

10-211122 

10*069661 

9*930339 

30 

36 

24 

9-719320 

13    41 

10-280680 

9-789019 

12    57 

10*210981 

10*069700 

13  16 

9-930300 

36 

24 

JO 

26 

9-719442 

13    44 

10-280578 

9-789161 

13     61 

10*210839 

10*069739 

1317 

9-930262 

34 

30 

37 

28 

9-719525 

14    48 

10*280475 

9-789302 

14    66 

10*210698 

10*069777 

14  18 

9*930223 

32 

23 

30 

30 

9-719627 

15     51 

10-280372 

9789444 

15    71 

10-210556 

10*069816 

15  20 

9-930184 

30 

30 

38 

32 

9-719730 

16    55 

10-280270 

9-789585 

16    75 

10*210415 

10-069855 

16  21 

|9*93oi45 

28 

2S 

30 

34 

9-7»9833 

17    58 

10-280167 

9-789727 

17    80 

10-210273 

10*069894 

1722 

9*930106 

26 

m 

39 

30 

9-719935 

18    62 

10*280065 

9-789868 

18    85 

10-210132 

10-069933 

18  23 

9-930067 

24 

21 

30 

38 

9-720038 

19    65 

10*279962 

9-790009 

19    89 

10-209991 

10-069972 

1925 

9*930028 

23 

80 

40 

40 
42 

9-720140 

20    68 

31     72 

10*279860 

9-7901 51 

3U    94 
21     99 

10-209849 

10*070011 

30  26 

31  27 

9-929989 

20 

18 

to 

30 

9-720242 

10-279758 

9  790*9* 

10-^09708 

10*070050 

9929950 

m 

41 

44 

9-720345 

22    75 

10-279655 

9-790434 

23  104 

10*209566 

10-070089 

2229 

9-929911 

16 

10 

30 

46 

9-720447 

23    79 

'<^-i79553 

9*790575 

33  108 

10-209425 

10*070128 

2330 

9*929872 

14 

•0 

42 

48 

9-720549 

34    82 

10*279451 

9-790716 

34  113 

10*209284 

10*070167 

2431 

9*929833 

IS 

u 

30 

50 

9-720652 

35    86 

10-279348 

9-790857 

35  118 

10*209143 

10*070206 

2532 

9*9*9794 

10 

ao 

43 

32 

9-720754 

26    89 

10*279246 

9-790999 

36  122 

10*209001 

10*070245 

2634 

9*9*9755 

8 

17 

30 

54 

9*720856 

37    92 

10-279144 

9*791140 

27  127 

10*208860 

10*070284 

3735 

9*9*97x6 

6 

10 

44 

56 

9-720958 

28    96 

10*279042 

9-791281 

38  132 

10*208719 

10*070323 

2836 

9-929677 

4 

IS 

30 

58 

9-721060 

29    99 

10-278940 

9-791422 

39  137 

10*208578 

10-070362 

-M38 

9*9*9638 

2 

so 

45 

30 

7 

2 

9*721162 

30  X03 

10-278838 

9-791563 

SO  141 

10-208437 

10-070401 

30  39 

9*9*9599 

5S 

58 

15 

SO 

9-721264 

1      3 

10*278736 

9*791705 

»      5 

10-208295 

10*070440 

1    I 

9*929560 

46 

4 

9-721366 

«      7 

10*278634 

9-791846 

«      9 

10*208154 

10-070479 

2    3 

9*929521 

56 

14 

30 

6 

9-721468 

3    10 

10-278532 

9-791987 

8     14 

10*208013 

10-070519 

3   4 

9-929482 

54 

30 

47 

8 

9-721570 

4     14 

10-278430 

9-792128 

4     19 

10*207872 

10*070558 

*   5 

9-929442 

52 

13 

30 

10 

9-721672 

5     17 

10*278328 

9-792269 

5    23 

10-207731 

10*070597 

5   6 

9*929403 

50 

30 

48 

12 

9-721774 

6    20 

10-278226 

9*792410 

6    28 

10-207590 

10-070636 

6   8 

9*9*9364 

48 

12 

30 

14 

9-721876 

7    24 

10*278124 

9-792551 

7    33 

10-207449 

10*070675 

7   9 

9*9*93*5 

46 

so 

49 

10 

9*721978 

8    27 

10*278022 

9*792692 

8    38 

10*207308 

10-070714 

810 

9-929286 

14 

11 

30 

18 

9-722080 

9    30 

xo-277920 

9-79*833 

9    42 

10*207167 

10-070754 

9  12 

9-929247 

42 

80 

50 

20 
22 

9-722181 

10  34 

11  37 

10-277819 

9-792974 

10  47 

11  52 

10*207026 

10-070793 

10  13 

11  14 

9-929207 

40 

38 

10 

30 

9-722283 

10-277717 

9-793115 

10-206885 

10-070832 

9-929168 

30 

51 

U 

9-722385 

12    41 

10*277615 

9*793*56 

12     56 

10*206744 

10-070871 

1216 

9*929129 

86 

9 

30 

36 

9-722487 

13    44 

10*277513 

9*793397 

13    61 

10*206603 

10-070910 

13  17 

9-929090 

34 

30 

62 

2rt 

9-722588 

14    48 

10-277412 

9*793538 

14     66 

10*206462 

10*070950 

14  18 

9*929050 

32 

8 

30 

30 

9-722690 

15     51 

10-277310 

9-793679 

15     70 

10*206321 

10*070989 

15  20 

9-929011 

30 

30 

53 

32 

9-722791 

16     55 

10*277209 

9-793819 

16    75 

10*206181 

10*071028 

16  21 

9-928972 

28 

7 

so 

34 

9-722893 

17    58 

10*277107 

9-793960 

17  '80 

10-206040 

10*071068 

17  22 

9*9*8933 

26 

so 

54 

36 

9-722994 

18    61 

10-277006 

9-794101 

18    84 

10*205899 

10-071107 

18  24 

9-928893 

34 

6 

so 

38 

9-723096 

19    64 

10-276904 

9*794*4* 

19    89 

10-205758 

10-07 1 146 

1925 

9*9*8854 

22 

30 

55 

30 

40 
42 

9-723197 

20  68 

21  71 

10-276803 

9*794383 

30    94 
21     98 

10-205617 

10-071185 

20  26 

21  28 

9-92&815 

20 

18 

5 

30 

9-723299 

10-276701 

9*7945*3 

10*205477 

10*071225 

9*9*8775 

56 

44 

9-723400 

22    75 

10-276600 

9-794664 

23  103 

10*205336 

10-071264 

2229 

9-928736 

16 

4 

30 

46 

9-723501 

23     78 

10-276499 

9-794805 

23  108 

10*205195 

10*071304 

2330 

9-928696 

14 

30 

67 

48 

9-723603 

24     82 

10*276397 

9-794946 

24  113 

10-205054 

10-071343 

2431 

9-928657 

12 

3 

30 

50 

9-723704 

25     85 

10-276296 

9-795086 

35  117 

10-204914 

10-071382 

2533 

9-928618 

10 

30 

58 

52 

9-723805 

26    89 

10*276195 

9-795**7 

36  122 

10-204773 

10*071422 

2634 

9-928578 

8 

8 

30 

54 

9-723906 

27     92 

10*276094 

9*795367 

27  127 

10-204633 

10*071461 

27  35 

9-928539 

6 

so 

59 

56 

9-724007 

38    95 

10*275993 

9-795508 

28  131 

10-204492 

10-071501 

2837 

9*928499 

4 

1 

30 

58 

9-724109 

29    98 

10-275891 

9-795649 

29  136 

10-204351 

10-071540 

2938 

9-928460 

2 

30 

60 

8 

9-724210 

30  102 

10*275790 

9*79^789 

30  141 

10-204211 

10-071580 

3039 

9*928420 

0 

0 

/// 

'^'Id 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

sn. 
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TABLE  68 


LOG.  SINES.  COSINES.  &c. 


2"  8 


m 


;i2 


.iO 


/  // 


0 

ao 
1 

30 

2 

30 

3 

30 

4 

30 

5 

30 

6 

30 

7 

30 

8 

30 

9 

30 
10 

30 
11 

30 

12 

30 

13 

30 
14 

30 
Ifl 

30 

16 

30 

17 
30 

18 

30 

19 

30 

20 

30 

21 

30 

22 

30 

23 

30 

24 

so 
25 


30 

2G 

30 

27 

30 

28 

30 

29 
M 

90 


/  // 


0 

4 

A 

8 

10 

n 

14 
18 
18 
20 

22 
24 
26 
28 
30 

32 
34 
30 
38 
40 

42 
44 

40 
48 
50 

92 
54 
96 

58 

2 
4 
6 
8 
10 

12 
14 
16 
18 
-20 

22 
24 
26 
28 
30 

32 
34 

36 
38 
40 

43 
44 

46 

48 
90 

92 
54 
96 
98 
lO 


Sine 


1" 

2 

3 


9*724210 
9-724311 
9-724412 

9'7»45n 
9-7246141  4 

9-724715 

9*724816 

9-724917 
9-725017 
9*725118 
9-725219 


Parts 


5 
6 

7 

8 

9 

10 

11 
12 
13 
14 


3 

7 
10 

13 
17 
20 

»3 
27 

30 

34 

37 
40 

44 
47 


9*725320 
9*725420 
9-725521 
9*725622 
9-725722 16  50 
9-72582316    54 

9.725923  17  57 

9-726024 18  61 

9*72612419  64 

9*726225  20  67 

9-72632521     70 

"74 

77 
80 


9*726426  22 
9-72652623 
9-72662624 
9*72672725    84 

9-72682726    87 
90 

28  94 

29  97 

30  101 


9-72692727 
9-727027 
9*727128 
9*727228 


9*727328 
9*727428 
9-727528 
9*727628 
9*727728 

9*727828 
9-727928 
9*728027 
9*728127 
9-728227 


9*728327 
9*728427 
9*728526 
9*728626 
9*728726 

9*728825 
9*728925 
9*729024 
9*729124 
9*729223 


9*729323 
9*729422 
9-729522 
9*729621 
9*729720 

9*729820 
9-729919 
9*730018 
9*730117 
9*730217 


m.    Cosme 


1 
2 
3 

4 
5 

6 

7 


3 

7 
10 

13 

17 
20 
23 


8  27 

9  30 

10  33 

11  37 

12  40 

13  43 

1*  47 

15  50 

18  53 

17  56 

18  59 

19  63 

20  66 

21  70 

22  73 

23  76 

24  80 

25  83 

26  86 

27  90 

28  93 

29  96 

30  100 


Parts 


Cosec. 


0*275790 
0*275689 
0-275588 
0*275487 
0*275386 
0*275285 

0*275184 
0*275083 
0*274983 
0*274882 
0*274781 


0*274680 
0-274580 
0*274479 
0*274378 
0*274278 

0*274177 
0*274076 

0*273976 
0-273875 
0*273775 


0*273675 
0-273574 

0-273474 
0*273374 

0-273273 

0*273173 
0*273073 
0*272973 
0*272872 
0*272772 


0*272672 
0*272572 
0*272472 
0*272372 
0*272272 

0*172172 
0*272072 
0*271972 
0*271873 
0*271773 


0*271673 
0*271573 
0*271474 
0*271374 
0*27x274 

0*271175 
0*271075 
0*2-0976 
0*270876 
0*270777 


0*270677 
0*270578 
0*270478 
0*270379 
0*270280 

0*270180 
0*270081 
0*269982 
0*269883 
0*269784 


Secant 


Tangent 


9-795789 
9-795930 
9*796070 
9*796211 
9-796351 
9.796492 

9-796632 
9-796773 
9*796913 
9*797053 

9*797194 


9*797334 

9*797475 
9-797615 

9*797755 
9-797895 

9*798036 
9*798176 
9*798316 

9*798456 
9-798596 


9-79873 
9-79887 
9-79901 
9*79915 

9*799*9 

9*79943 

9*79957 
9-79971 

9*79985 
9*79999 


2 
.3 

4 
5 

6 
7 
8 
9 
20 

21 


9-80013 
9*80027 
9*80041 
9*80055 
9*80069 

9*800836 
9*800976 
9'8oiii6 
9*801256 
9*801396 


9*801535 
9*801675 
9*801815 
9*801955 
9*802094 

9*802234 
9*802374 
9*802513 
9*802653 
9*802792 


9*802932 
9*803072 
9*803211 
9*803351 
9*803490 

9*803630 
9-803769 
9*803909 
9*804048 
9*804187 


Cotang. 


Parts 


1" 

2 

3 

4 
5 

6 
7 
8 
9 
0 


19 
23 

28 

33 

37 
4* 
47 

51 
56 
61 

65 

70 

75 
79 
84 
89 

93 
98 

22  103 

23  107 

24  112 

25  117 

26  122 

27  126 

28  131 

29  136 
SO  140 


I 

2 
S 
4 
6 

6 

7 


5 
9 
H 
»9 
»3 
28 

33 

8  37 

9  42 
0    46 

2  56 

3  60 

4  65 

5  70 

6  74 

7  79 

8  84 

9  88 

20  93 

21  98 

22  102 

23  107 

24  112 

25  X16 

26  121 

27  126 

28  130 
29135 
30  139 


Parts 


Cotang. 


0*204211 
0*204070 
0*203930 
0-203789 
0-203649 
0*203508 

0-203368 
0*203227 
0*203087 
0*202947 
0*202806 


0*202666 
0*202526 
0*202385 
0*202245 
0*202105 

0*201964 
0*201824 
0*201684 
0*201544 
0*201404 


0*201264 
0*201123 
0*200983 
0-200843 
0*200703 

0*200563 
0*200423 
0-200283 
0*200143 
0*200003 


0*199863 
0*199723 
0*199583 
0*199443 
0*199303 

0*199164 
0*199024 
0-198884 
0*198744 
0*198604 


0-198465 
0*198325 
0*198185 
0*198045 
0*197906 

0*197766 
0*197626 
0*197487 
0*197347 
0*197208 


o*  197068 
0*196928 
0-196789 
0-196649 
0*196510 

0*196370 
0*196231 
0-196091 
0-195952 
0*195813 


Tangent 


Secant 


0*071580 
0*071619 
0*071658 
0*071698 
0*071737 
0*07 1777 

0*071817 
0*071856 
0*071896 
0*071935 
0*071975 


0*072015 
0*072054 
0*072094 
0*072133 
0*072173 

0*072213 
0*072252 
0*072292 
0*072332 
0*072371 


0-072411 
0*072451 
0*072491 
0*072530 
0*072570 

0*072610 
0*072650 
0*072690 
0-072730 
0*072769 


0*072809 
0*072849 
0*072889 
0*072929 
0*072969 

0*073009 
0-073049 
0*073089 
0*073129 
0*073169 


0-073209 
0*073249 
0*073289 
0*073329 
0*073369 

0*073409 
0*073449 

0*073489 
0*073529 

0*073569 


0*073609 
0*073649 
0*073689 
0*073730 
0*073770 

0-073810 
0*073850 
0*073890 
0-073931 
0*073971 


Coaec. 


Parts 


// 


1 

a 
3 

4 

6 

6 

7  9 
811 

912 

0  13 

2  16 
317 

4  18 

5  20 

621 

7  22 
824 
925 

20  26 

21  28 
2229 
2330 
2432 
2533 

2634 
2736 
2837 
2938 
30  40 


1 
2 
3 

4 
5 

6 


X 

3 

4 
5 
7 

8 


7  9 
811 

9  12 
O13 

I '5 

2  16 

3  17 

4  19 

5  20 

621 
723 
824 
925 

20  27 

21  28 
2229 
2331 
2432 
2533 

2635 
2736 
2838 
2939 
30  40 


Parts 


Cosme 


9*928420 
9*928381 
9*928342 
9*928302 
9*928263 
9*928223 

9*928183 
9*928144 
9*928104 
9*928065 
9*928025 


/// 


9*927986 
9*927946 
9*927906 
9-927867 
9*927827 

9*927787 
9*927748 
9*927708 
9*927668 
9*927629 


9*927589 
9*927549 
9*927509 
9*927470 
9*927430 

9.927390 
9*927350 
9*927310 
9*927270 
9*92723 


9*92719 
9*92715, 
9-92711 
9  92707 
9.92703 

9.92699 
992695 
9*92691 
9*92687 
9*92683 


9-92679 
9*92675 
9*92671 
9*92667 
9-92663 

992659 
9*92655 
9-92651 
9*92647 
9-92643 


9*92639 

9*92635 

9-92631 

9*926270 

9*926230 

9*926190 
9-926150 
9*926110 
9*926069 
9*926029 


Sine 


58 
50 

94 

52 
50 

48 
46 
44 
42 

40 

38 
36 
34 
82 

30 

28 
26 
24 
22 
20 

18 
16 
14 
12 
10 

8 
6 
4 

2 

81 

98 
56 

54 

92 

50 

48 

46 
44 
42 
40 

38 

36 
34 
32 
30 

28 
96 
24 
3t 
20 

18 
16 
14 
12 
10 

8 

6 
4 

2 
0 


GO 
30 

59 

30 

58 

39 

57 

30 

56 

30 

55 


30 

54 

30 

5S 

30 

52 
30 

51 

30 

50 


30 

49 

30 

48 

30 

47 
30 

46 

30 
46 


30 
44 

ao 
43 

30 

42 

30 
41 

31 

40 


30 

39 

31 

38 

30 

37 

30 

36 

30 

35 


30 

34 

30 

33 

30 

32 

30 

31 
so 
30 


/  // 


S"*  50« 


TABLE  68 


767 


LOG.  SINES,  COSINES.  &c. 


•2»»    10™ 


32 


oo 


/  // 


:{0 

30 

31 

» 
32 

30 

33 

30 

34 

30 

35 

30 

36 

30 

37 

30 

38 

30 

39 

90 

40 


30 
i\ 

30 
42 
30 

43 

30 

44 

30 

45 

30 

46 

30 

47 

30 

48 

30 

49 

30 

60 

30 

51 

30 

52 

ao 

53 

30 

54 

30 

55 


30 

66 

30 

67 

30 

68 

30 

69 
ao 
60 


/  // 


0 
2 

4 

6 

8 

10 

12 
14 
10 
18 
20 

22 
24 
26 
24 
30 

32 
M 

36 
38 
40 

42 
44 
40 

4H 
50 

52 
M 
56 
98 

11 

2 
4 
0 
8 
10 

12 
14 
16 
18 
20 

22 
24 

28 

28 
80 

32 

34 

36 
38 
40 

42 
44 
40 
48 
50 

52 
54 
56 
58 

lai 


m. 

*m 


Sine 


9*730217 
9-730316 
9730415 

9*730514 
9*730613 

9-730712 

9*730811 
9'7309io 
9*731009 
9*731108 
9*731206 


9*731305 
9*73  »404 

9'73>S03 
9*731602 

9*731700 

9*731799 
9*731897 
9*731996 
9*732095 
9*732193 


9*732292 
9*732390 

9*73*489 

9*732587 

9*732685 

9*732784 
9*732882 
9*732980 
9*733079 

9*733177 


9'733i75 

9*733373 

9'73347J 

9*733569 
9*733667 

9*733765 
9*733863 
9*733961 

9*734059 
9*734157 


9*734*55 

9*734353 

9*73445 > 

9*734549 
9*734646 

9*734744 
9*734842 

9*734939 
9*735037 
9*735135 


9735232 

9*735330 
9*735427 

9*7355*5 
9*735622 

9*735719 
9*735817 

9*7359H 
9*736011 

9*736109 


Parts      Cosec. 


1"3 

2  7 

3  10 

413 
5  16 

620 
723 
826 
930 
1033 

11  36 
1240 
1343 
1446 
16  49 

16  53 

1756 
18  59 
1963 
90  66 

2169 
2273 
2376 
2479 
25  82 

96  86 
9789 
2892 

2995 
30  99 


1  3 

2  6 

3  10 

4>3 

5  16 

620 
723 
826 
929 
1033 

1136 
1239 
1342 
1446 
1549 

16  52 

1755 
18  59 

1962 

2065 

2168 
2272 
2375 

2478 
2682 

2685 
27  88 
2891 
2995 
3098 


Cosine 


0*269783 
0*269684 
0*269585 
0*269486 
0*269387 
0*269288 

0*269189 
0*269090 
0*268991 
0*268892 
0*268794 


0*268695 
0*268596 
0*268497 
0-268398 
0*268300 

0*268201 
0*268102 
0*268004 
0*267905 
0*267807 


0*267708 
0*267610 
0*267511 
0*267413 
0*267315 

0*267216 
0*267118 
0*267020 
0*266921 
0*266823 


0*266725 
0*266627 
0*266529 
0*266431 
0*266333 

0*266235 
0*266137 
0*266039 
0*265941 
0*265843 


0*265745 
0*265647 
0*265549 
0*265451 
0*265354 

0*265256 
0*265158 
0*265061 
0*264963 
0*264865 


0*264768 
0*264670 
0*264573 
0*264475 
0*264378 

0*264281 
0*264183 
0*264086 
0*263989 
0*263891 


Parts   Secant 


Tangent 


9*804187 
9*804327 
9*804466 
9*804605 
9*804745 
9*804884 

9*805023 
9*805163 
9*805302 
9-805441 
9*805580 


9*805719 
9*805859 
9*805998 
9*806137 
9*806276 

9*806415 
9*806554 
9*806693 
9*806832 
9*806971 


9*807110 
9*807249 
9*807388 
9*807527 
9*807666 

9*807805 
9*807944 
9*808083 
9*808222 
9*808361 


9*808499 
9-808638 
9*808777 
9*808916 
9*809055 

9*809193 
9*809332 
9*809471 
9*809609 
9*809748 


9-809887 
0*810025 


9-8    , 
9*810164 

9'8iO]oz 

9*810441 

*8io5So 
[0718 
0857 
10995 

'■34 


9 
9*8 

9*8 

9*8 

9*8 


9*8 
9*8 
9*8 
9*8 
9*8 

9*8 
9*8 
9*8 
9*8 
9-8 


1272 
Z4IO 

1549 
1687 

1826 

1964 
2102 

2241 
2379 
2517 


Cotang. 


Parts 


1"  5 

2  9 

3  14 

4  19 
6  23 

6  28 

7  32 

8  37 

9  42 
0  46 


5» 

56 
60 

65 

70 

6  74 

7  79 

8  83 

9  88 
20  93 

21.  97 

22  102 

23  107 

24  III 

25  116 

26  121 

27  125 

28  130 

29  134 

30  J  39 


1 
2 
3 

4 
6 


5 

9 

'4 

18 

23 


6  28 

7  32 

8  37 

9  42 

0  46 

1  51 

2  55 

3  60 

4  65 
6  69 

6  74 

7  79 

8  83 

9  SZ 

20  92 

21  97 

22  102 

23  106 

24  III 

25  1x6 

26  120 

27  125 

28  129 

29  134 

30  139 


Parts 


x*yc 


Cotang. 


o* 
o* 
o* 
o* 
o* 
o* 

o* 
o* 
o* 
o* 
o* 


o* 
o* 
o* 
o* 
o* 

o* 
o* 
o* 
o* 
o* 


o* 
o* 
o* 
o* 
o* 

o* 
o* 
o* 
o* 
o* 


o* 
o* 
o* 
o* 
o* 

o* 
o* 
o* 
o* 
o* 


o* 
o* 
o* 
o* 
o* 

o* 
o* 
o* 
o* 
o* 


o* 

o- 
o* 
o* 
o* 

o* 
o* 
o* 
o* 
o* 


95813 
95673 

95534 

95395 

95*55 
95116 

94977 
94837 
94698 

94559 
94420 


94281 
94141 
94002 
93863 
93724 

93585 
93446 

93307 

93168 

93029 


92890 
92751 
92612 

9*473 
9*334 
92195 
92056 
91917 
91778 
91639 


91501 
91362 
91223 
91084 
90945 

90807 
90668 
90529 
90391 
90252 


90113 

89975 
89836 

89698 

89559 
89420 
89282 
89143 
89005 
88866 


88728 
88590 
88451 
88313 
88174 

88036 
87898 

87759 
87621 

87483 


Tangent 


Secant 


0*073971 
0*074011 
0*074051 
0*074092 
0*074132 
0*074172 

0*074212 
0*074253 
0*074293 
0-074333 

0-074374 


0*0744x4 
0*074455 
0*074495 
0*074535 
0*074576 

0*0746x6 

0*074657 
0*074697 
0*074738 
0*074778 


0*074819 
0*074859 
0*074900 
0*074940 
0*074981 

0*075021 
0*075062 
0*075103 
0*075143 
0*075184 


0*075224 
0*075265 
0*075306 
0*075346 
0*075387 

0*075428 
0*075469 
0*075509 
0*075550 
0*075591 


0*075632 
0*075672 
0-075713 

0-075754 
0*075795 

0*075836 
0*075876 
0*075917 
0*075958 
0*075999 


0*076040 
0*076081 
0*076x22 
0*076163 
0*076204 

0*076245 
0*076286 
0*076327 
0*076368 
0*076409 


Cosec. 


Parts 


1" 

2 

3 

4 
5 

6 

7  9 
811 

9  12 
0x3 

115 

2  16 

3  18 
419 
5  20 

622 
723 
824 
926 

20  27 

21  28 
2230 
2331 
2432 
2534 

2635 
2736 
2838 
2939 
30  40 


1 
2 
3 

4 
5 

6 


X 

3 

4 
5 
7 
8 


7  10 
8x1 
9  12 
0x4 

115 
2x6 

3x8 

4  19 

5  20 

622 
723 
824 
926 

20  27 

21  29 
2230 
2331 
2433 
2534 

2635 

2737 
2838 

2939 

30  41 


Parts 


Cosine 


926029 
925989 

9*5949 
925908 

925868 

925828 

925788 

9*5747 

925707 

925667 
925626 


925586 

9*5545 
925505 

925465 

9*54*4 
925384 

9*5343 
925303 

925262 

925222 


925181 
925141 
925100 
925060 
925019 

9*4979 
924938 

924897 

924857 

924816 


924776 
924735 
924694 
924654 
924613 

924572 

9*4531 
924491 

924450 
9*4409 


924368 
924328 
924287 
924246 
924205 

924164 
924124 
924083 
924042 
924CO I 


923960 

923919 

9*3878 

9*3837 
923796 

9*3755 
923714 
923673 
923632 
923591 


Sine 


m. 

%. 


I  tf 


50 

58 
50 
54 
52 
50 

48 
46 
44 
42 

40 

38 
36 
34 
32 
30 

'28 
-26 
'24 
'11 
20 

18 
16 
14 
12 
10 

8 
6 
4 
2 

«9 

58 
56 
54 
52 
50 

48 
46 
44 
42 

40 

38 

36 
34 
32 
30 

28 
26 
24 
22 
20 

18 
16 
14 
19 
10 

8 
6 
4 
2 
0 


30 
30 

29 
30 

28 
30 

27 

30 

26 

30 

25 

30 

24 

30 

23 

30 

22 

30 

21 

30 

20 

30 

19 

30 

18 

30 

17 

30 

16 

30 
15 

30 

14 

30 

13 

30 

12 

30 

U 

30 
10 

30 

9 

30 

8 

30 

7 

30 

6 

30 

_5 

30 

4 
30 
3 
30 

2 

30 
1 

30 

0 


/  // 


57 


3h    48m 


m» 


758 


TABLE  G8 


LOG.  SINES,  COSINES,  &c. 


2h   12™ 


33^ 


/ 1 


■'I 


0 

39 
J 

30 
2 

an 

3 

30 

4 

30 

5_ 

30 

6 

30 

7 

30 

8 

30 

9 

30 
10 

30 
11 

30 

12 

30 

13 
so 
14 

30 

15 

30 

16 

30 

17 
so 

18 

30 

19 

30 

20_ 

30 
21 

30 
22 

30 

23 

30 
24 

30 
25 

30 

26 

30 

27 

30 

28 

30 

30 

f  n 


%. 


Sine 


0 
2 
4 
0 

8 

y  10 

12 
14 
10 
18 
20 

22 
24 
26 
28 
30 

32 
34 
30 

38 
40 

42 
44 

46 
48 
50 

52 
M 

56 
58 

IS 

2 

4 

6 

8 

10 

12 
14 
16 
18 
20 

22 
24 
26 
28 
30 

32 
34 

30 
38 
40 

42 
44 

46 

48 
50 

Txl 
TjI 
20 

5rt 


p-736109 
9*736206 
9-736303 
9736400 
9-736498 

9*736595 
9-736692 
9-736789 
9-736886 
9-736983 
9-737080 


Parte 


9737274 

97J737I 

9737467 
9*737564 

9-737661 

9*737758 
9*737855 

9'73795J 
9-738048 


9738145 
9-738241 

9-738338 
9*738434 
9'73853» 
9-738627 

9'7387»4 
9-738820 

9738917 

9-739013 


9739109 
9-739206 
9739301 

9*739398 
9*739494 
9739590 
9-739687 
9*739783 
9739879 
9*739975 


9*740071 
9-740167 
9-740263 

9*740359 
9*740455 

9*740550 
9*740646 

9-740742 

9*740838 

9-740934 


9-741029 
9*741125 
9'74i22i 
9-741316 
9-741412 

9-741508 
9-741603 
9-741699 

9*74>794 
9*741889 

Cosine 


9   6 

3  10 

4  13 

5  16 

6  19 
723 
826 
929 

10  32 

11  36 
1239 
1342 
1445 
1548 

1651 

1755 
18  58 

1961 

9064 

2168 
2271 
2374 
2477 
258l 

2684 

2787 
2890 

2994 
30  97 


1  3 

2  6 

3  10 
413 

5  16 

6  19 
722 
826 
929 

10  32 

1135 
1238 
1342 
1445 
1548 

16  51 

17  54 
I857 
1961 
2064 

2167 
2270 
2374 
2477 
25  80 

2683 
27  86 
2889 
2993 
30  96 

Parts 


Cosec. 


0*263891 
0*263794 
0-263697 
0*263600 
0*263502 
0-263405 

0*263308 
0-26321 1 
0-2631 14 
0*263017 
0-262920 


0*262823 
0*262726 
0-262629 
0-262533 
0*262436 

0*262339 
0*262242 
0*262145 
0-262049 
0*261952 


0-261855 
0*261759 
0*261662 
0*261566 
0-261469 

0*261373 
0*261276 
0*261180 
0*261083 
0*260987 


0*260891 
0*260794 
0-260698 
0*260602 
0*260506 

0*260410 
0*260313 
0*260217 
0-260121 
0*260025 


0-259929 
0-259833 
0-259737 
0*259641 

o*»59545 
0*259450 
0-259354 
0-259258 
0-259162 
0*259066 


o*25?97i 
0*258875 
0*258779 
0*258684 
0*258588 

0*258492 
0-258397 
0*258301 
0-258206 
0*258111 

Secant 


Tangent 


2517 
2656 
2794 
2932 
3070 
3209 

3347 

3485 
3623 

3761 

3899 


4C37 
4176 

43  »4 

4452 
4590 

4728 
4866 

5004 
5142 
5280 


54»7 

5555 
5693 

5831 

5969 

6107 
6245 
6382 
6520 
6658 


6796 
6933 
7071 
7209 

7347 

7484 
7622 

7759 
7897 
8035 


8172 
8310 

8447 
8585 

8722 

8860 
8997 

9>35 

9272 

9410 


9547 
9684 

9S22 

9959 
82C096 

820234 
820371 
820508 
820646 
820783 

Cotang. 


Parts 


Cotang. 


1 
2 
3 

4 
5 

7 

R 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 


/» 


5 

9 

14 

18 

23 
28 

3* 

37 

41 

46 

5» 

55 
60 

64 
69 

74 
78 

83 

87 
92 

97 


22  101 

23  106 

24  1 10 

25  115 

26  120 

27  124 

28  lag 

29  1313 

30  138 


1 
2 

S 

4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 

15 

16 

17 
18 
19 
20 

21 


5 

9 

18 

»3 
27 
32 

37 

4« 

46 

50 

55 
60 

64 

69 

73 
78 
82 

87 
92 

96 


22  10 1 

23  105 

24  no 

25  1 14 

26  119 

27  124 

28  128 

29  133 

30  137 

Parts 


87483 
87344 
87206 

87068 
86930 
86791 

86653 

86515 
86377 
86239 
86101 


85963 
85824 
$^5686 
85548 
85410 

85272 

85134 
84996 

84858 

84720 


84583 
84445 
84307 
84169 

84031 

83893 

83755 
83618 

8348c 
83742 


83204 
83067 
82929 
82791 
82653 

82516 
82378 
82241 
82103 
81965 


81828 
8169c 

81553 
8141C 

81278 

8 1140 
81003 
80865 
80728 
80590 


80453 
80316 
80178 
80041 

79904 
79766 
79629 
79492 

79354 
79217 


Tangent 


Secant 


0-076409 
0-076450 
0-076491 
0*076532 
0-076573 
0*076614 

0*076655 
0*076696 
0*076737 
0*076778 
0*076819 


0*076861 
0*076902 
0*076943 
o-c  76984 
0-077025 

0*077067 
0-077108 
0-077149 
0*077190 
0*077232 


0*077273 
0*077314 
0*077356 
0*077397 
0*077438 

0*077480 
0*077521 
0-077562 
0-077604 
0*077645 


0-077687 
0*077728 
0*077769 
0*077811 
0*077852 

0-077894 
0-077935 
0-077977 
0*078018 
0-078060 


0-078101 
0-078143 
0-078185 
0-078226 
0-078268 

0-078309 
0*078351 
0-078393 
0-078434 
0*078476 


0*078518 
0-078559 
0*078601 
0-078643 
0*078685 

0-078726 
0-078768 
0*078810 
0*078852 
0-078893 


Cosec. 


Parts 


// 


7  10 
811 
9  12 
0  14 

115 

2  17 

3  18 
419 
521 

622 
723 
825 
926 

20  27 

21  29 
2230 
2332 
2433 
2534 

2636 

2737 
2838 
2940 
30  41 


9-923591 
9-923550 
9-923509 
9*923468 
9923427 
9-923386 

9*923345 

9*9*3304 
9*923263 

9*923222 

9-923181 


1 

2 
3 

4 
5 

6 


I 

3 

4 
6 

7 
8 


7  10 

811 

913 

10  14 

1115 

12  17 

13  18 

14  19 
1521 

1622 
1724 
I825 
1926 

20  28 

21  29 
2231 
2332 
2433 
2535 

2636 
2738 

98  39 

2940 
3042 


Parts 


Cosine 


9-923139 
9-923098 
9-923057 
9-9^3016 
9-922975 

9-922935 
9*922892 
9*922851 
9-922810 
9*922768 


9*922727 
9-922686 
9-922644 
9*922603 
9-922562 

9*922520 
9922479 
9*922438 
9*922396 

9"9"355 


9*922313 
9-922272 
9*922231 
9*922189 
9*922148 

9-922106 
9-9*ao65 
9-922023 
9*921982 
9-9*1940 


9921899 

9*921857 
9*921815 
9*921774 
9*921732 

9*921691 
9*921649 
9*921607 
9-921566 
9*921524 


9-921482 
9-921441 
9*921399 
9-921357 
9-921315 

9-921274 
9-921232 
9*921190 
9*921148 
9*921107 


Sine 


58 
56 

51 

52 
50 

48 
46 
44 
42 

40 

» 

36 

n 

30 

28 
26 
24 
22 
20 

18 
16 
14 
12 
10 

8 
6 
4 
1 
47 

56 
54 
52 
50 

48 
46 
44 
42 
40 

38 
36 
M 
32 
30 

28 
26 
M 

22 
*20 

18 
16 
14 
12 
10 

8 
6 

4 
2 
0 


/  // 


(iO 

90 

59 
30 

58 

31 

67 

30 

56 
55 


54 

30 

53 

30 

52 

30 

51 

31 

50 


49 

30 

48 

30 

47 

30 

46 

30 
45 


44 
M 

43 
30 

42 

ao 
41 

30 
40 

30 

39 

80 

38 

30 

37 
30 

36 

30 

35 


JO 

34 

.10 
33 

30 

32 

30 

31 

30 

36 


/  ti 


S*"  46"' 


TABLE  68 


759 


LOG.  SINES,  COSINES,  fitc 


2"   14"^ 


33^ 


in 


30 

30 

31 

30 

32 

30 

33 

30 
34 

30 

35 


30 

36 

30 

37 

30 

38 

30 

40 

30 

41 

30 

42 

30 

43 

30 

44 

30 

45 

30 

46 

30 

47 

80 

48 

30 

49 
ao 
50 


51 

30 
52 

30 

53 

M 
54 

30 
55 


30 

56 

30 

57 
30 

58 

30 

59 

30 

60 


/// 


0 

2 
4 
0 
8 
10 

13 
14 
10 
18 
20 

22 
94 
20 
28 
30 

32 
34 
38 
38 

40 

42 
44 
46 

48 
50 

82 

M 

56 

88 

18 

2 

4 

6 

8 

10 

12 
14 
16 
18 
20 

22 

24 

26 
28 
30 

32 
34 

36 
38 
40 

42 
44 

46 

48 
50 

52 
54 
56 
58 
16 


Sine 


9-741889 
9-74I985 
9*742080 
9-742176 
9-742271 
9-742366 

9-742462 

9*742557 
9-742652 
9-742747 
9-742842 


9-742937 
9.743033 
9-743128 
9-743223 
9-743318 

9'7434U 
9-743508 

9-743602 

9-743697 

9'74379» 


9-743887 
9-743982 
9.744077 
9-744171 
9-744266 

9*744361 

9*744455 

9*744550 
9-744644 

9*744739 


9*744833 
9-744928 

9-745022 

9-745117 

9-745211 

9-745306 
9-745400 

9*745494 

9*7455«9 
9-745683 


9*745777 
9-745871 

9*745965 
9-746060 

9-746154 

9*746248 
9-746342 
9-746436 
9*746530 
9-746624 


9-746718 
9*746812 
9-746905 
9-746999 

9*747093 
9-747187 
9-747281 

9*747374 
9-747468 

9-747562 


Parts 


Cosine 


l"3 

2  6 

3  9 
413 

5  16 

6  19 
722 
825 
928 

10  32 

"35 
1338 

134X 
1444 
1548 
16  5, 

1754 
18  57 

i960 

20  63 

2167 
2270 
2373 
2476 
2679 

2682 
27  86 
2889 
2992 
3O95 


3 
6 


W 


1 
2 

3   9 

♦13 
5x6 

6  19 

82 

92 

IO3X 

"35J 
1238 

1341 

1444 

16  47 

16  50 

1753 
18  56 

i960 

2063 

2166 
2269 
2372 
2475 
2579 

2682 
2785 
28  88 
2991 
30  94 


Parts 


Cosec. 


0-258111 
0*258015 
0-257920 
0*257824 
0*257729 
0*257634 

0*257538 
0257443 
0-257348 
0-257253 
0-257158 


0-257063 
0*256967 
0-256872 
0-256777 
0*256682 

0-256587 
0*256492 
0-256398 
0*256303 
0-256208 


0-256113 
0*256018 
0*255923 
0-255829 

o**55734 
0-255639 

0*255545 
0*155450 

0*255356 

0*255261 


0-255167 
0*255072 
0*254978 
0*254883 
0-254789 

0-254694 
0*254600 
0*254506 
0-254411 
0*254317 


0*254223 
0*254x29 
10-254035 
0-253940 
0*253846 

0*253752 
0*253658 
0*153564 
0*253470 
0-253376 


0*253282 
0-253188 
0-253095 
0-253001 
0*252907 

0*252813 
0*252719 
0*252626 
0*252532 
0*252438 


Secant 


Tangent 


9*820783 
9*820920 
9*821057 
9-821 195 
9*821332 
9*821469 

9*821606 
9*821743 
9-821880 
9-822017 
9*822154 


9-822292 
9*822429 
9*822566 
9-822703 
9-822840 

9-822977 
9*823114 
9*823251 
9*823^87 
9-823524 


9*823661 
9823798 
9*823935 
9*824072 
9*824209 

9*824345 
9*824482 
9*824619 
9*824756 
9*824893 


1 
2 
3 

4 
5 

6 

7 

8 

9 

10 

11 
12 
13 

14 
15 

16 
17 
18 
19 
20 

21 


9-825029 
9*825166 
9*825303 
9-825439 
9825576 

9*8257x3 
9-825849 
9*825986 
9*826123 
9*826259 


9*826396 
9-826532 
9*826669 
9*826805 
9*826942 

9-827078 
9-8272x5 

9*827351 
9*827488 

9*827624 


9*827761 
9*827897 
9*828033 
9-828170 
9*828306 

9*828442 
9-828579 
9-828715 
9*828851 
9*828987 


Cotang. 


Parts 


// 


5 

9 

'4 
18 

23 

27 
32 

37 

41 
46 

50 
55 

59 
64 

69 

73 
7« 
82 

87 
9» 
96 


22  lox 

23  105 

24  no 

25  XJ4 

26  X19 

27  123 

28  128 

29  133 
SO  137 


5 

9 

18 

23 

6  27 

7  32 

8  36 

9  41 
0  45 

50 
55 
59 
64 
68 

6  73 

7  77 

8  82 

9  86 

20  91 

21  96 

22  xoo 

23  105 

24  109 

25  114 

26  118 

27  123 

28  127 

29  132 

30  136 


Parts 


Cotang. 


o- 
o* 
o* 

o- 
o- 
o* 

o* 
o* 
o* 

o* 
o* 


o* 
o* 
o* 
o- 
o* 

o* 
o* 
o* 
o- 

o* 


o* 
o* 
o* 
o* 
o* 

o* 
o- 
o* 
o- 
o* 


o* 
o* 

o- 
o* 
o* 

o* 

o* 
o- 
o* 
o* 


o* 
o* 
o* 

O' 

o* 

o* 
o* 
o* 
o- 

o* 


o* 

o* 
o* 
o- 
o* 

o* 
o* 
o* 
o* 
o* 


79217 

79080 

78943 
78805 

78668 

78531 

78394 
78257 

78120 

77983 
77846 


77708 

7757X 

77434 

77297 
77160 

77023 
76886 
76749 
76613 
76476 


76339 
76202 
76065 
75928 

7579» 

75655 
75518 

75381 
75244 
75107 


74971 
74834 
74697 
74561 
74424 
74287 

74»5J 

740x4 

73877 
73741 


73604 
73468 
7333> 
73195 
73058 

72922 
72785 
72649 
72512 
71376 


72239 
72x03 
71967 
71830 
71694 

71558 
7142X 
71285 
71149 
710x3 


Tangent 


Secant 


0*078893 
0*078935 
0*078977 
0*0790x9 
0*07906 X 
0*079103 

0*079x44 
0*079186 
0*079228 
0*079270 
0*0793x2 


Parts 


0*079354 
0*079396 
0-079438 
0*079480 
0*079522 

0*079564 
0-079606 
0-079648 
0*079690 

0*079732 


0-079774 
0*079816 
0*079859 
0*07990 X 
0-079943 

0*079985 
0*080027 
0*080069 
o'oSoxxi 
0*080154 


0*080196 
0*080238 
0*080280 
0*080323 
0*080365 

0*080407 
0*080449 
0*080492 
0*080534 
0*080576 


0*0806x9 
0*08066 X 
0*080703 
0*080746 
0*080788 

0*080831 
0*080873 
0*0809x5 
0*080958 
0*081000 


0*081043 
0*08x085 
0-081x28 
o*o8xx70 
0*08x213 

0*08x255 
0*081298 
0*08 134X 
0*081383 
0*08x426 


Cosec. 


l"x 

a  3 
3  4 

4  6 

6    7 

6  8 

7  10 
8xx 
9  13 
0  14 

115 
2  17 

3x8 

4  20 

521 

612 
724 
825 
927 

20  18 

21  19 
2231 
2332 
2434 
2535 

2636 

2738 
28  39 

2941 
30  42 


1  I 

2  3 

3  4 

4  6 

«  7 
6  8 
7xo 
811 
9x3 

10  14 

11  16 
12x7 
13x8 
14  20 
152X 

I623 
1724 
18  25 
1927 

20  28 

21  30 
2231 

2332 
2434 
2535 

2637 
2738 
28  39 

2O41 
30  42 


Parts 


Cosine 


921107 
92x065 
92x023 
920981 

920939 
920897 

920856 
920814 
920772 
920730 
920688 


920646 
920604 
920562 
920520 
920478 

920436 

920394 
920352 

92031c 

920268 


920226 
920184 
92014X 
920099 
920057 

9200x5 

9973 

9931 
9889 

9846 


9804 
9762 
9720 
9677 

9635 

9593 

9551 
9508 

9466 
9424 


9381 

9339 

9297 

9254 
92x2 

9169 
9127 
9085 
9042 
9000 


8957 
89x5 

8872 

8830 

8787 

8745 
8702 

8659 

8617 

8574 


Sine 


ft6 

58 
56 
5-1 
5-i 
50 

48 
46 
44 
42 
40 

38 
36 
34 
32 
30 

28 
26 
24 
22 
20 

18 
16 
14 
12 
10 

8 
6 
4 
2 

«8 

58 
56 
54 
52 
50 

48 
46 
44 
42 
40 

38 
36 
34 
32 
30 

28 
26 
24 
22 
20 

18 
16 
14 
12 
10 

8 
6 
4 
2 
0 


/// 

"30~ 

30 

2.9 

30 

28 

30 

27 
30 

2G 

30 

25 

30 

24 

30 

23 

30 

22 

30 

21 

30 

20 

30 

19 

30 

18 

80 

17 
30 

16 

30 

i5_ 

30 

14 
so 
13 

30 
12 

30 
1 

30 

I0_ 

30 

9 

30 

8 

30 

7 

30 

6 

30 
5 

30 

4 

30 

3 

30 

2 

30 

1 

30 

0 


/// 


56 


iO 


3h  44m 


760 


TABLE  68 


LOG.  SINES, 

COSINES,  &C.                                                           1 

gb    iQxn                                                        340                                                                              1 

0 

m. 

•• 

0 

Sine 

Parts 

Cosec. 

Tangent 

ParU 

1 
Cotaag. 

Secant 

Parti 

Cosiiie 

■• 

/    // 

9-747562 

10-252438 

9-828987 

10-171013 

10-081426 

9*918574 

«« 

80 

30 

3 

9"747655 

1"3 

10-252345 

9*829124 

1'^ 

r 

5 

ic-170876 

10-081468 

l"i 

9*918532 

58 

30 

1 

4 

9*747749 

2   6 

10-252251 

9-829260 

2 

9 

10*170740 

10-081511 

a  3 

9*918489 

50 

69 

30 

6 

9-747842 

3    9 

10-252158 

9-829396 

3 

H 

10-170604 

10*081554 

3   4 

9-918446 

54 

30 

2 

8 

9747936 

4  12 

10-252064 

9829532 

4 

18 

10*170468 

10*081596 

4   6 

9*918404 

52 

58 

30 

10 

9-748030 

5  16 

10-251970 

9-829669 

5 

*3 

10-170331 

10*081639 

6    7 

9-918361 

50 

30 

3 

1-2 

9-748123 

6  19 

10-251877 

9-829805 

6 

27 

10-170195 

10*081682 

6   9 

9*918318 

48 

57 

30 

14 

9-748216 

7  22 

10-251784 

9-829941 

7 

32 

10*170059 

10*081724 

7  10 

9-918276 

46 

80 

4 

16 

9-748310 

825 

10-25 169c 

9-830077 

h 

36 

10-169923 

10-081767 

811 

9*918233 

44 

6G 

30 

18 

9-748403 

928 

10-251597 

9-830213 

9 

4' 

10-169787 

10-081810 

9  13 

9*918190 

42 

30 

5 

30 

20 
22 

9-748497 

IO3I 
1134 

10-251503 

9*830349 

10 
11 

45 
5c 

ic-169651 

10*081853 

1014 
11  16 

9-918147 

40 

38 

ft5 

9-748590 

IO-25I4IC 

9-830485 

10-169515 

10*081895 

9-9181C5 

30 

6 

U 

9748683 

1237 

10-251317 

9-830621 

12 

54 

10*169379 

10*081938 

1217 

9-918062 

36 

M 

30 

20 

9*748777 

1340 

10-251223 

9*830757 

13 

59 

lo* 169243 

10-081981 

1319 

9-918019 

34 

30 

7 

28 

9-748870 

1443 

10-251130 

9*830893 

14 

63 

10-169107 

10-082024 

14  2C 

9-917976 

32 

53 

30 

30 

9-748963 

1547 

10-251037 

9*831029 

15 

Si 

10-168971 

10-082066 

15  21 

9'9«7934 

30 

30 

8 

32 

9-749056 

1650 

10-250944 

9*831165 

16 

72 

10-168835 

10*082109 

1623 

9917891 

28 

62 

30 

34 

9-749149 

1753 

10*250851 

9*831301 

17 

77 

10*168699 

10*082152 

1724 

9-917848 

20 

30 

9 

30 

9-749243 

18  56 

10-250757 

9*83 «437 

18 

82 

10-168563 

10*082195 

18  26 

9-917805 

»l 

61 

30 

38 

9-749336 

1959 

10*250664 

9-831573 

19 

86 

10*168427 

10*082238 

1927 

9-917762 

22 

00 

10 

30 

40 
42 

9-749429 

2062 
2165 

10-250571 

9*831709 

20 
21 

9' 
95 

10-168291 

10-082281 

20  29 

21  30 

9-917719 

20 
18 

60 

9-749522 

10-250478 

9*831845 

10-168155 

10*082324 

9-917677 

30 

11 

44 

9-749615 

32  68 

10-250385 

9-831981 

22 

100 

10-168019 

10-082366 

2231 

9-917634 

10 

49 

30 

46 

9-749708 

2372 

10-250292 

9-832117 

23 

104 

10-167883 

10-082409 

2333 

9*9«759' 

U 

30 

12 

48 

9-749801 

2475 

10*250199 

9*832253 

24 

109 

10-167747 

10-082452 

2434 

9-917548 

12 

48 

30 

50 

9749894 

2578 

10-250106 

9-832389 

25 

"3 

10*167611 

10082495 

2536 

9-917505 

10 

30 

13 

92 

9-749987 

2681 

10-250013 

9-832525 

26 

118 

10*167475 

10-082538 

2637 

9-917462 

8 

47 

30 

54 

9750079 

2784 

10-249921 

9-832660 

27 

122 

10*167340 

10-082581 

2739 

9-917419 

0 

30 

U 

56 

9-750171 

2887 

10-249828 

9-832796 

28 

127 

10-167204 

10*082624 

2840 

9-917376 

4 

46 

30 

58 

9-750265 

2990 

10-249735 

9*832932 

29 

J3» 

10-167068 

10-082667 

2941 

9-9»7333 

2 

30 

15 

30 

17 

2 

9-750358 

3093 

10*249642 

9-833068 

30 

136 

10*166932 

10*082710 

3043 

9-917290 

43 

56 

46 

9-75045' 

1    3 

10-249549 

9-833204 

1 

5 

10*166796 

10-082753 

1     1 

9-917247 

30 

Ifl 

4 

9*750543 

2  6 

10-249457 

9*833339 

2 

9 

10-166661 

10*082796 

a  3 

9-917204 

50 

44 

30 

6 

9*750636 

3    9 

10-249364 

9*833475 

3 

"4 

10-166525 

10-082839 

3  4 

9-917161 

54 

30 

17 

8 

9750729 

4  12 

10*249271 

9*833611 

4 

18 

10-166389 

10-082882 

4   6 

9*917118 

52 

43 

30 

10 

9-750821 

615 

10*249179 

9833747 

5 

*3 

10-166253 

10*082925 

6   7 

9-917075 

50 

30 

18 

12 

9-750914 

618 

10*249086 

9-833882 

6 

»7 

10*166118 

10*082968 

6   9 

9*917032 

48 

42 

30 

14 

9-751007 

721 

10-248993 

9-834018 

7 

32 

10*165982 

10*083011 

7  10 

9-916989 

40 

30 

19 

10 

9-751099 

825 

10*248901 

9-834154 

8 

36 

10*165846 

10*083054 

812 

9*916946 

44 

41 

30 

18 

9-751192 

928 

10-248808 

9-834289 

9 

4> 

10-165711 

10*083098 

913 

9-916902 

42 

30 

20 

30 

20 
¥2 

9-751284 

1031 

1134 

10*248716 

9-834425 

10 
11 

45 
50 

10-165^75 

10*083141 

10  14 

11  16 

9-916859 

40 
30 

40 

9-751377 

10-248623 

9834561 

10-165440 

10*083184 

9*916816 

30 

21 

24 

9-751469 

1237 

10-248531 

9*834696 

12 

54 

10-165304 

10*08322/ 

1217 

9*916773 

30 

39 

30 

90 

9-751561 

1340 

10-248439 

9*83483* 

13 

59 

10-165168 

10*083270 

1319 

9-916730 

M 

ao 

22 

28 

9751654 

1443 

10-248346 

9*834967 

14 

63 

10-165033 

10*083313 

14  20 

9-916687 

» 

38 

30 

30 

9-751746 

1546 

10*248254 

9-835103 

15 

68 

10*164897 

10*083357 

15  22 

9-916643 

30 

30 

23 

32 

9-751839 

16  49 

10-248161 

9*835238 

16 

72 

10*164762 

10*083400 

1623 

^-916600 

20 

37 

30 

34 

9*75«93' 

1752 

10*248069 

9*835374 

17 

77 

10*164626 

10*083443 

1724 

9-916557 

20 

30 

24 

36 

9-752023 

18  C5 

10-247977 

9*835509 

18 

81 

10*164491 

10-083486 

18  26 

9-916514 

M 

36 

30 

38 

9-752115 

1959 

10*247885 

9-835645 

19 

86 

10-164355 

10*083530 

1927 

9-916470 

22 

30 

25 

30 

40 
42 

9-752208 

2062 
2165 

10-247792 

9-835780 

20 
21 

90 

95 

10-164220 
10*164084 

10-083573 

20  29 

21  30 

9-916427 

20 

35 
30 

9-752300 

10-247700 

9-835916 

10*083616 

9-916384 

26 

44 

9-752392 

22  68 

10*247608 

9-836051 

22 

99 

10*163949 

10*083659 

2232 

9-916341 

34 

30 

46 

9-752484 

2371 

10*247516 

9-836187 

23 

104 

10-163813 

10*083703 

2333 

9-916297 

30 

27 

48 

9-752576 

2474 

10-247424 

9*836322 

24  108 

10*163678 

10*083746 

2435 

9*916254 

33 

80 

50 

9-752668 

2577 

10*247332 

9-836458 

25 

113 

10-163542 

10*083789 

2636 

9*916211 

30 

28 

52 

9-752760 

2680 

10*247240 

9*836593 

26 

118 

10-163407 

10*083833 

2637 

9*916167 

32 

30 

54 

9-752852 

2783 

10*247148 

9-836728 

27 

122 

10*163272 

10*083876 

2739 

9*916124 

30 

29 

56 

9*75*944 

28  86 

10*247056 

9*836864 

28 

127 

10*163136 

10*083920 

2840 

9*916081 

31 

30 

9S 

9-753036 

2989 

10*246964 

9*836999 

29 

131 

10*163001 

10*083963 

2942 

9*916037 

JO 

30 

18 

9753128 

30  92 

10*246872 

9*837134 

30 

136 

10-162866 

10*084006 

3043 

9*915994 

0 

SO 

/  // 

m. 

1. 

Cosine      Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec 

Parts 

Sine 

m.  '  "1 

55^                                                     3«»  42-       1 
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7M 


LOG.  SINES, 

COSINES,  &c.                                                         1 

2h  18"                                                   34°                                                                     1 

30" 

•• 

Sine 

Fkrts 

Cooec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

/// 
30 

0 

9-753128 

10-246872 

9'837'34 

10*162866 

10*084006 

9-915994 

«a 

ao 

1 

9*753**o 

1"3 

10*246780 

9*837270 

1-    4 

10*162730 

10*084050 

l"x 

9-915950 

68 

30 

SI 

4 

9-7533»» 

3   6 

10-246688 

9*837405 

2 

9 

10-162595 

10*084093 

2  3 

9*915907 

56 

29 

30 

6 

9*753404 

3   9 

10  246596 

9-837540 

3 

13 

10-162460 

10-084137 

3  4 

9*915863 

54 

30 

32 

8 

9*753495 

4  12 

10*246505 

9-837675 

4 

18 

10-162325 

10-084180 

4   6 

9*915820 

53 

28 

30 

10 

9*753587 

615 

10*246413 

9-837811 

5 

22 

10-162189 

10-084224 

3   7 

9*915776 

50 

30 

33 

13 

9-753679 

618 

10-246321 

9-837946 

6 

27 

10*162054 

10*084267 

6   9 

9*9'5733 

48 

27 

so 

14 

9*753771 

721 

10*246229 

9*838081 

7 

31 

10*161919 

10*0843 1 1 

7  10 

9-915689 

46 

30 

34 

16 

9*753862 

824 

10-246138 

9-838216 

8 

36 

10-161784 

10*084354 

812 

9-915646 

44 

26 

ao 

18 

9*753954 

927 

10*246046 

9-838352 

9 

40 

10*161648 

10*084398 

913 

9-915602 

43 

30 

35 

80 

90 

IS 

9*7540f6 

10  30 
1134 

10-245954 

9*838487 

10 
11 

45 
49 

10*161513 

10*084441 

10  15 

11 16 

9*915559 

40 

38 

25 

30 

9*754J37 

10-245863 

9-838622 

10-161378 

10*084485 

9'9»55i5 

36 

M 

9-754229 

1237 

10-245771 

9-838757 

12 

54 

10-161243 

10*084528 

1217 

9-915472 

36 

24 

30 

30 

9-754320 

1340 

10-245680 

9-838892 

13 

58 

10*161108 

10-084572 

13x9 

9-915428 

34 

30 

37 

88 

9*7544" 

U43 

10-245588 

9-839027 

14 

63 

10-160973 

10*084615 

14  20 

9-915385 

33 

23 

30 

30 

9*754503 

1546 

10-245497 

9*839162 

15 

67 

10-160838 

10*084659 

15  22 

9-915341 

30 

30 

38 

3S 

9*754595 

16  49 

10-245405 

9-839297 

16 

7* 

xo- 160703 

10*084703 

16  23 

9-915297 

98 

22 

ao 

34 

9-754686 

175* 

10-2453x4 

9*839433 

17 

76 

10-160567 

10-084746 

1725 

9-915254 

26 

30 

39 

38 

9*754778 

18  55 

10-245222 

9*839568 

18 

81 

10-160432 

10-084790 

18  26 

9*915210 

24 

21 

30 

38 

9*754869 

1958 

10-245 13 I 

9*839703 

19 

85 

10-160297 

10-084834 

1928 

9-915166 

33 

30 

40 

30 

40 
4« 

9*7549^ 

2061 
2164 

10-245040 

9-839838 

20 
21 

90 
94 

10*160162 

10-084877 

20  29 
2130 

9*9x5x23 

90 

18 

80 

30 

9*75505* 

10-244948 

9*839973 

10*160027 

10-08492 1 

9*915079 

41 

44 

9*755»43 

2267 

10*244857 

9*840108 

22 

99 

10*159892 

10*084965 

2232 

9*915035 

16 

19 

80 

46 

9*755*34 

2370 

10-244766 

9-840243 

23 

103 

10*159757 

10*085008 

2333 

9914992 

14 

so 

42 

48 

9*7553*6 

2473 

10*244674 

9-840378 

24 

108 

10*159622 

10*085052 

2435 

9*914948 

12 

18 

80 

50 

9*755417 

2576 

10*24^583 

9-840513 

25 

112 

10-159487 

10*085096 

2536 

9*914904 

10 

30 

43 

02 

9*755508 

2679 

10*244492 

9*840648 

26 

117 

10-159352 

10-085140 

2638 

9-914860 

8 

17 

30 

54 

9*755599 

2782 

10*244401 

9-840782 

•27 

121 

10*159218 

10-085183 

2739 

9-914817 

6 

30 

44 

56 

9-755690 

2885 

10*244310 

9-840917 

28 

126 

10-159083 

10*085227 

2840 

9*914773 

4 

16 

30 

58 

9*755781 

29  88 

10-244219 

9-841052 

29 

130 

10*158948 

10*085271 

2942 

9*914729 

3 

30 

45 

30 

19 

2 

9-755872 

30  91 

10-244128 

9-841187 

SO 

»35 

io*x588x3 

10*085315 

SO  44 

9*914685 

«1 
58 

15 

so 

9*755963 

>    3 

10-244037 

9-841322 

1 

4 

10*158678 

10*085359 

1  I 

9-914641 

46 

4 

9-756054 

2  6 

10-243946 

9*841457 

2 

9 

10*158543 

10*085402 

«   3 

9*914598 

56 

14 

30 

6 

9-756145 

3   9 

10*243855 

9*841592 

S 

J3 

10-158408 

10*085446 

3  4 

9*914554 

54 

30 

47 

8 

9-756236 

4  12 

10-243764 

9-841727 

4 

18 

10-158273 

10*085490 

4   6 

9*914510 

53 

13 

30 

10 

9-756327 

515 

10-243673 

9*841861 

5 

22 

10*158139 

10*085534 

6    7 

9*914466 

50 

80 

48 

13 

9-756418 

618 

10*243582 

9*841996 

6 

27 

10*158004 

10-085578 

6   9 

9*914422 

48 

12 

30 

14 

9-756509 

721 

10-243491 

9-8421 3 1 

7 

3« 

10*157869 

10-085622 

7  10 

9*914378 

46 

80 

49 

16 

9'7566oo 

824 

10*243400 

9-842266 

8 

36 

10*157734 

10*085666 

812 

9*914334 

44 

U 

30 

18 

9-756691 

927 

10*243309 

9-842400 

9 

40 

10-157600 

10-085710 

913 

9*914*90 

43 

30 

50 

30 

20 
32 

9-756782 

10  30 
1133 

10*243218 

9-842535 

10 
11 

45 
49 

10-157465 

10-085754 

1015 
1116 

9*914246 

40 

88 

10 

30 

9-756872 

10-243128 

9-842670 

10-157330 

10*085798 

9-914202 

51 

24 

9-756963 

1236 

10-243037 

9-842805 

12 

54 

10-157195 

10-085842 

1218 

9-914x58 

36 

9 

30 

96 

.9*757054 

IS  39 

10-242946 

9-842939 

13 

58 

10-157061 

10-085886 

1319 

9*9x4x14 

34 

30 

52 

28 

9*757144 

1442 

10-242856 

9-843074 

14 

63 

10-156926 

10*085930 

U2X 

9-9x4070 

32 

8 

30 

30 

9*757*35 

1545 

10-242765 

9-843209 

15 

67 

10-156791 

10*085974 

15  22 

9*914026 

30 

80 

53 

33 

9-757326 

16  48 

10*242674 

9*843343 

16 

72 

10-156657 

10*086018 

16  24 

9-913982 

38 

7 

30 

34 

9-757416 

1751 

10-242584 

9-843478 

17 

76 

10-156522 

10-086062 

1725 

9*913938 

36 

ao 

54 

86 

9*757507 

I854 

10-242493 

9-843612 

IS 

81 

10*156388 

10-086106 

18  26 

9-9x3894 

34 

6 

30 

38 

9*757597 

1957 

10*242403 

9*843747 

19 

85 

10*156253 

10*086x50 

1928 

9*913850 

93 

30 

55 

30 

40 
42 

9-757688 

2060 
2163 

10-242312 

9*843882 

20 
21 

90 
94 

10-156118 

10-086194 

20  29 

21  31 

9-9x3806 

30 
18 

5 

9-757778 

10*242222 

9-8440x6 

10-155984 

10-086238 

9-9x3762 

30 

56 

44 

9-757869 

22  66 

10*242131 

9-844151 

22 

99 

10*155849 

10*086282 

2232 

9-9x37x8 

16 

4 

ao 

46 

9*757959 

2369 

10*242041 

9*844*85 

23 

103 

10*155715 

10*086326 

2334 

9-9x3674 

14 

30 

57 

48 

9-758050 

2472 

10-241950 

9*844420 

24  108 

10*155580 

10*086370 

2435 

9*913630 

13 

3 

30 

50 

9-758140 

2676 

10*241860 

9*844554 

25 

112 

10-155446 

10-086415 

2537 

9-9x3585 

10 

30 

58 

53 

9-758230 

2679 

10-241770 

9-844689 

26 

"7 

10-155311 

10*086459^ 

2638 

9*913541 

8 

2 

30 

M 

9*7583*1 

2782 

10-241679 

9*844823 

27 

X2I 

10-155177 

10-086503 

2740 

9*913497 

6 

30 

59 

50 

9-758411 

2885 

10-241589 

9*844958 

28  126 

70*155042 

10-086547 

284X 

9*913453 

4 

1 

30 

58 

9-758501 

29  88 

10-241499 

9*845092 

29 

130 

10-154908 

10*086591 

2943 

9*9x3409 

3 

30 

60 

ao 

9-75859' 

30  91 

10*241409 

9-845**7 

30 

135 

10-154773 

10*086635 

SO  44 

9-9x3365 

0 

0 

/// 

%. 

(Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

m. 

f  ff 

55°                                                  a*"  40™       1 
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TABLE  68 


LOG.  SINES, 

COSINES,  &:c. 

2^  20"'                                                   •'ii 

) 

jff 

m. 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang 

Secant 

Parts 

Cosine 

f  ft 

60 

0 

0 

9*75^59' 

10-241409 

9*845227 

10*154773 

10086635 

9-913365 

40 

30 

2 

9-758681 

1"3 

10*241319 

9*845361 

1' 

'    4 

10-154639 

10*086680 

l"i 

9913320 

58 

30 

1 

4 

9-758772 

2   6 

]0*24I228 

9*845496 

2 

9 

10-154504 

10*086724 

a  3 

9-913276 

50 

o9 

30 

6 

9-758862 

3    9 

10*241138 

9*845630 

3 

J3 

10*154370 

10*086768 

3    4 

9-913232 

54 

30 

2 

8 

9-758952 

4  12 

10*241048 

9*845764 

4 

18 

10-154236 

10*0868x3 

4    6 

9-9x3187 

5-2 

68 

30 

10 

9-759042 

615 

10*240958 

9*845899 

5 

22 

10-15410X 

xo-o86857 

6    7 

9913143 

50 

30 

3 

12 

9-759132 

6x8 

xo*24o868 

9-846033 

6 

27 

10*153967 

xo*o8690X 

6   9 

9-9x3099 

48 

67 

30 

14 

9-759222 

721 

10*240778 

9*846168 

7 

3» 

10-153832 

10-086945 

7xo 

9-9x3055 

40 

30 

4 

10 

9759312 

824 

10*240688 

9*846302 

8 

36 

10*153698 

10-086990 

8x2 

9*9x3010 
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0 

m. 

0 

Sine 

Parts 

Cosec. 

Tan^nt 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

/  // 

9-769219 

10-230781 

9-861261 

10*138739 

10*092042 

9*907958 

36 

m 

30 

2 

9*769306 

1"3 

10*230694 

9*861394 

1" 

4 

10*138606 

10-092088 

r'2 

9907912 

58 

so 

I 

4 

9-769393 

2   6 

10-230607 

9*861527 

2 

9 

10*138473 

10*092134 

2   3 

9*907866 

56 

59 

30 

6 

9- 769479 

3    9 

10*230521 

9*861659 

3 

13 

10*138341 

10*092180 

3   5 

9-907820 

54 

36 

2 

8 

9-769566 

4  12 

10-230434 

9*861792 

4 

18 

10-138208 

10*092226 

4   6 

9*907774 

52 

58 

30 

10 

9-769653 

5  14 

10-230347 

9*861925 

5 

22 

10-138075 

10-092272 

5   8 

9-90772S 

50 

36 

3 

12 

9-769740 

6  17 

10*230260 

9*862058 

6 

27 

10*137942 

10-092318 

6   9 

9-907682 

48 

67 

30 

14 

9-769827 

720 

10*230173 

9-862191 

7 

3> 

10*137809 

10*092364 

7ii 

9*907636 

46 

30 

4 

16 

9-769913 

823 

10*230087 

9-862323 

8 

35 

10-137677 

10*092410 

812 

9-907590 

44 

56 

30 

18 

9*770000 

926 

10-230000 

9*862456 

9 

40 

10-137544 

10*092456 

914 

9.907544 

42 

30 

5 

30 

'20 
22 

9*770087 

10  29 

11  32 

10-229913 

9*862589 

10 
11 

44 
49 

10*137411 

10*092502 

10  15 

11 17 

9-907498 

40 

38 

55 

30 

9-770173 

10*229827 

9*862721 

10*137279 

10-092548 

9-907452 

6 

iA 

9-770260 

123s 

10*229740 

9*862854 

12 

53 

10-137146 

10-092594 

12  18 

9907406 

36 

54 

30 

20 

9-770347 

1337 

10*229653 

9862987 

13 

57 

10-137013 

10-092640 

13  20 

9-907360 

34 

90 

7 

28 

9770433 

1440 

10-229567 

9*863119 

14 

62 

10-136881 

10*092686 

14  21 

9*907314 

32 

53 

30 

30 

9*770520 

1543 

10*229480 

9*863252 

IS 

66 

10-136748 

10-092732 

15  23 

9*907268 

30 

30 

8 

32 

9*770606 

1646 

10*229394 

9-863385 

16 

71 

10-136615 

10-092778 

I625 

9-907222 

28 

52 

30 

34 

9*770693 

1749 

10-229307 

9-863517 

17 

75 

10*136483 

10*092825 

1726 

9-907175 

26 

30 

9 

36 

9-770779 

18  52 

10*229221 

9-863650 

18 

80 

10-136350 

10-092871 

18  28 

9*907129 

24 

51 

30 

38 

9-770866 

1955 

10*229134 

9-863783 

19 

84 

10-136217 

10-092917 

1929 

9*907083 

22 

so 

10 

so 

40 
42 

9*770952 
9-771039 

20  58 
2160 

10-22904S 

9-863915 

20 
21 

88 
93 

10*136085 

10*092963 

2O31 
21  32 

9-907037 

20 
18 

50 

so 

10-228961 

9*864048 

10*135952 

10*093009 

9*906991 

11 

44 

9-771125 

2263 

10-228875 

9-864180 

22 

97 

10*135820 

10093055 

2234 

9-906945 

16 

49 

30 

46 

9-771211 

23  66 

10-228789 

9-864313 

23 

102 

10*135687 

10*093102 

2335 

9-906898 

14 

so 

12 

48 

9-771298 

2469 

10-228702 

9*864445 

24 

106 

10135555 

10-093148 

24  37 

9*906852 

12 

48 

so 

50 

9-771384 

2572 

10-228616 

9-864578 

25 

110 

10*135422 

10*093194 

2538 

9*906806 

10 

30 

13 

52 

9*771470 

2675 

10*228530 

9-864710 

26 

"5 

10*135290 

10-093240 

2640 

9*906760 

8 

47 

30 

54 

9-771556 

2778 

10*228444 

9-864843 

27 

119 

10*135157 

10-093287 

2741 

9-906713 

6 

30 

14 

56 

9-771643 

288i 

10*228357 

9-864975 

28 

124 

10*135025 

10*093333 

28  43 

9*906667 

4 

46 

30 

58 

9*771729 

2984 

10-228271 

9-865108 

29 

128 

10-134892 

10*093379 

2945 

9-906621 

2 

so 

15 

30 

2S 

2 

9*771815 

30  86 

10*228185 

9*865240 

30 

133 

10*134760 

10093425 

.3046 

9906575 

35 

58 

45 

so 

9-771901 

1    3 

10-228099 

9-865373 

1 

4 

10*134627 

10*093472 

1    2 

9-906528 

16 

4 

9*771987 

2   6 

10-228013 

9*865505 

2 

9 

10-134495 

10*093518 

2    3 

9-906482 

56 

44 

30 

6 

9-772073 

3    9 

10-227927 

9*865638 

3 

»3 

10*134362 

10*093564 

S   5 

9-906436 

54 

30 

17 

8 

9-772159 

4ii 

10*227841 

9*865770 

4 

18 

10*134230 

10-093611 

4    6 

9-906389 

52 

43 

30 

10 

9*772245 

5  14 

10-227755 

9*865903 

5 

22 

10*134097 

10-093657 

6   8 

9906343 

50 

so 

18 

12 

9-772331 

617 

10*227669 

9*866035 

6 

26 

10-133965 

10-093704 

6   9 

9-906296 

48 

42 

30 

14 

9-772417 

720 

10*227583 

9*866167 

7 

31 

10-133833 

10-093750 

7ii 

9*906250 

46 

M 

19 

16 

9*772503 

823 

10-227497 

9*866300 

8 

35 

10-133700 

10*093796 

812 

9-906204 

44 

41 

so 

18 

9*77^589 

926 

10-227411 

9*866432 

9 

40 

10*133568 

10-093843 

914 

9-906157 

42 

so 

20 

30 

20 
22 

9-772675 

10  29 

10-227325 

9*866564 

10 
11 

44 
49 

10*133436 

10-093889 

10  15 

11  17 

9*906111 

40 

38 

40 

9-772761 

U  32 

10*227239 

9*866697 

10-133303 

10-093936 

9*906064 

so 

21 

24 

9-772847 

1234 

10-227153 

9*866829 

12 

53 

10*133171 

10*093982 

1219 

9*906018 

36 

39 

30 

26 

9-772933 

1337 

10-227067 

9*866961 

13 

57 

10*133039 

10*094029 

13  20 

9*905971 

34 

so 

22 

28 

97'»?oi8 

1440 

10*226982 

9-867094 

14 

62 

10*132906 

10094075 

14  22 

9905925 

32 

38 

30 

30 

9-773104 

1543 

10-226896 

9*867226 

15 

66 

10*132774 

10-094122 

15  23 

9*905878 

SO 

so 

2a 

32 

9*773190 

16  46 

10*226810 

9-867358 

16 

7« 

10-132642 

10-094168 

1625 

9*905832 

28 

37 

30 

34 

9'773a76 

1749 

10*226724 

9*867491 

17 

75 

10-132509 

10-094215 

17  26 

9*905785 

26 

30 

24 

36 

9773361 

18  51 

10*226639 

9-867623 

18 

79 

10*13:^77 

10-094261 

18  28 

9  905739 

24 

36 

30 

38 

9*773447 

1954 

10-226553 

9-867755 

19 

84 

10*132245 

10-094308 

1929 

9*905692 

22 

so 

2r> 

30 

40 
42 

9*7V3533 
9-773618 

2057 
2160 

10*226467 

9-867887 

20 
21 

88 
93 

10*132113 

10-094355 

2O31 
2133 

9-905645 

20 

35 
so 

10*226382 

9-868019 

10*131981 

10*094401 

9*905599 

20 

44 

9*773704 

2263 

10*226296 

9-868152 

22 

97 

10*131848 

10*094448 

2234 

9*905552 

34 

30 

46 

9*773789 

23  66 

10*226211 

9-868284 

23 

101 

10*131716 

10-094494 

2336 

9*905506 

so 

27 

48 

9-773875 

2469 

10*226125 

9-868416 

24 

106 

10*131584 

10-094541 

2437 

9*905459 

33 

30 

60 

9-773960 

2672 

10*226040 

9-868548 

25 

no 

10*131452 

10-094588 

2539 

9*905412 

so 

28 

52 

9*774046 

2674 

10-225954 

9*868680 

26 

"5 

10*131320 

10-094634 

2640 

9-905366 

32 

30 

54 

9-774131 

37  77 

10-225869 

9-868813 

27 

119 

10*131187 

10*09468 1 

2742 

9-905319 

30 

29 

56 

9-774217 

28  80 

10-225783 

9-868945 

28 

123 

10-131055 

10*094728 

2843 

9*905272 

31 

so 

58 

9*774302 

2983 

10-225698 

9-869077 

29 

128 

10-130923 

10-094775 

2945 

9*905225 

38 

30 

26  9*774388 

30  86 

10*225612 

9*869209 

30 

132 

10-130791 

10*094821 

30  46 

9-905179 

34» 
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m*     Coeine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine      m> 

53°                                                        3"  34'"       1 

TABLE 

08 

765 

LOG.  SINES, 

COSINES,  5ec. 

1 

S^"  26»                                                   36^                                                                     1 

/  // 

m. 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

/  // 

30 

90 

0 

9-774388 

10-225612 

9*869209 

10-130791 

10*094821 

9*905179 

34 

so 

1 

9774473 

1"3 

10-225527 

9*869341 

l'^ 

'    4 

10*130659 

10-094868 

1"2 

9*905 13» 

58 

30 

81 

4 

9*774558 

3  6 

10*225442 

9*869473 

2 

9 

10*130527 

10*094915 

2   3 

9*905085 

56 

29 

so 

0 

9-774644 

3    8 

10225356 

9*869605 

3 

13 

10*130395 

10*094962 

3    5 

9*905038 

54 

30 

32 

8 

9-774729 

4li 

10-225271 

9-869737 

4 

18 

10-130263 

10*095008 

4   6 

9-904992 

52 

28 

so 

10 

9-774814 

6  14 

10-225186 

9869869 

6 

22 

10*130131 

10*095055 

5    8 

9*904945 

50 

30 

33 

U 

9*774899 

617 

10-225101 

9-870001 

6 

26 

10*129999 

10*095102 

6   9 

9-904898 

48 

27 

30 

14 

9*774985 

720 

10*225015 

9-870133 

7 

31 

10*129867 

10*095149 

7ii 

9*904851 

46 

30 

34 

10 

9-775070 

823 

10-224930 

9*870265 

8 

35 

10*129735 

10*095196 

813 

9*904804 

44 

26 

so 

IS 

9*775155 

925 

10-224845 

9*870397 

9 

40 

10*129603 

10*095243 

914 

9*904757 

42 

30 

36 

to 

9-775*4^ 

10  28 
1131 

10*224760 

9*870529 

10 
11 

44 
48 

10*129471 

10*095289 

10  16 

11  17 

9*904711 

40 
38 

25 
so 

30 

9*7753*5 

10*224675 

9*870661 

10*129339 

10*095336 

9*904664 

36 

»4 

9-775410 

1234 

10-224590 

9*870793 

12 

53 

10*119207 

10*095383 

1219 

9-904617 

36 

24 

30 

26 

9*775495 

1337 

10-224505 

9*870925 

13 

57 

10*129075 

10*095430 

13  20 

9*904570 

34 

30 

37 

98 

9*775580 

1440 

10*224420 

9*871057 

14 

62 

10*128943 

10*095477 

14  22 

9-904523 

32 

23 

30 

30 

9-775665 

1542 

10*224335 

9*871189 

15 

66 

10*128811 

10-095524 

1524 

9-904476 

30 

30 

38 

32 

9-775750 

I645 

10*224250 

9-871321 

16 

70 

10*128679 

10*095571 

1625 

9*904429 

28 

22 

30 

34 

9*775835 

1748 

10-224165 

9*871453 

17 

75 

10*128547 

10-095618 

1727 

9*904382 

26 

30 

39 

30 

9-775920 

18  51 

10*224080 

9-871585 

18 

79 

10*128415 

10*095665 

1828 

9904335 

24 

21 

30 

38 

9-776005 

1954 

10*223995 

9-871717 

19 

84 

10*128283 

10-095712 

1930 

9*904288 

22 

30 

40 

30 

40 
42 

9-776090 

2057 
2159 

10-223910 

9*871849 

20 
21 

88 
92 

10*128151 

10*095759 

2031 

3133 

9*904241 

20 
18 

20 
so 

9-776175 

10*223825 

9-871980 

10*128020 

10*095806 

9*904194 

41 

44 

9*776259 

2262 

10*223741 

9*872112 

22 

97 

10*127888 

10*095853 

3334 

9-904147 

16 

19 

30 

40 

9*776344 

2365 

10*223656 

9*872244 

23 

101 

10*127756 

10*095900 

2336 

9*904100 

14 

Si 

42 

48 

9*7764*9 

24  68 

10*223571 

9-872376 

24  106 

10*127624 

10*095947 

2438 

9*904053 

12 

18 

30 

M 

9-776514 

2571 

10*223486 

9*872508 

25 

110 

10*127492 

10*095994 

2639 

9*904006 

10 

so 

43 

52 

9*776598 

2674 

10*223402 

9*872640 

26 

114 

10*127360 

10*096041 

2641 

9*903959 

8 

17 

30 

54 

9-776683 

2776 

10-223317 

9*872771 

27 

119 

10*127229 

10*096088 

2742 

9*903912 

6 

so 

44 

56 

9-776768 

28  79 

10*223232 

9-872903 

28 

123 

10*127097 

10*096136 

2844 

9*903864 

4 

16 

30 

58 

9*776852 

2982 

10*22314.8 

9-873035 

2^ 

128 

10*126965 

10*096183 

2946 

9*903817 

2 

30 

45 
30 

m7 

2 

9-776937 

3085 

10-223063 

9*873167 

30 

132 

lO"  126833 

10*096230 

30  47 

9-903770 

33 

••58 

16 

30 

9-777021 

1    3 

10-222979 

9*873299 

1 

4 

10*126701 

10*0962-7 

1     2 

9-903723 

46 

4 

9-777106 

3   6 

10-222894 

9*873430 

3 

9 

10*126570 

10*096324 

2    3 

9-903676 

56 

14 

30 

6 

9-777191 

3   8 

10*222809 

9*873562 

3 

13 

10-126438 

10*096371 

3    5 

9-903629 

54 

30 

47 

8 

9-777275 

411 

10*222725 

9*873694 

4 

18 

10*126306 

10*096419 

4    6 

9*903581 

52 

\\\ 

30 

10 

9*777359 

5  14 

10-222641 

9*873825 

5 

22 

10*126175 

10*096466 

5    8 

9*903534 

50 

30 

48 

12 

9-777444 

617 

10*222556 

9*873957 

« 

26 

10*126043 

10*096513 

6    9 

9*903487 

48 

12 

30 

14 

9-777528 

720 

10*222472 

9*874089 

7 

31 

10-125911 

10*096560 

711 

9-903440 

46 

30 

49 

16 

9-777613 

822 

10*222387 

9*874220 

8 

35 

10-125780 

10*096608 

813 

9-903392 

44 

II 

30 

18 

9*777697 

925 

10*222303 

9*874352 

9 

40 

10-125648 

10*096655 

9  14 

9-903345 

42 

30 

60 
so 

20 
22 

9*777781 

ID  28 
11  31 

10*222219 

9*874484 

10 
11 

44 
48 

10*125516 

10*096702 

10  16 

11  17 

9-903298 

40 

38 

10 
30 

9-777866 

10-222134 

9-874615 

10-125385 

10*096750 

9-903250 

c51 

M 

9*777950 

1234 

10-222050 

9*874747 

12 

53 

10*125253 

10*096797 

12,9 

9-903203 

30 

9 

30 

26 

9-778034 

1337 

10*221966 

9*874879 

13 

57 

10*125121 

10*096844 

13  21 

9-903156 

34 

30 

62 

28 

9-778119 

1440 

10*221881 

9*875010 

14 

61 

10*124990 

10*096892 

14  22 

9*903108 

32 

8 

30 

30 

9-778203 

1542 

10*221797 

9*875142 

15 

66 

10*124858 

10*096939 

1524 

9*903061 

30 

30 

53 

32 

9-778287 

I645 

10*221713 

9*875*73 

16 

70 

10*124727 

10*096986 

1625 

9*903014 

28 

7 

so 

34 

9-778371 

1748 

10*221629 

9*875405 

17 

75 

10*124595 

10*097034 

1727 

9*902966 

26 

30 

64 

36 

9*778455 

I851 

10*221545 

9*875537 

18 

79 

10*124463 

10*097081 

I828 

9*902919 

*24 

6 

so 

38 

9*778539 

1953 

10*221461 

9*875668 

19 

83 

10*124332 

10*097129 

1930 

9-902871 

22 

30 

55 
so 

40 
42 

9-778624 

20  56 

2159 

10*221376 

9*875800 

20 
31 

88 
92 

10*124200 

10-097176 

20  32 
2133 

9*902824 

20 
18 

6 
30 

9-778708 

10*221292 

9*875931 

10*124069 

10*097224 

9*902776 

56 

44 

9-778792 

2262 

10*221208 

9*876063 

33 

97 

10*123937 

10*097271 

2235 

9-902729 

16 

4 

so 

46 

9*778876 

2365 

10*221124 

9*876194 

23 

101 

10*123806 

10*097319 

23^6 

9-902681 

14 

30 

67 

48 

9-778960 

2467 

10*221040 

9-876326 

34 

105 

10*123674 

10*097366 

2438 

9-902634 

12 

3 

30 

50 

9-779044 

2570 

10*220956 

9*876457 

25 

no 

10*123543 

10*097414 

2539 

9*902586 

10 

30 

68 

52 

9-779128 

2673 

10*220872 

9*876589 

26 

114 

10*123411 

10*097461 

2641 

9*902539 

8 

2 

30 

54 

9-779211 

2776 

10*220789 

9*876720 

27 

119 

10*123280 

10*097509 

2743 

9*902491 

6 

30 

69 

56 

9-779295 

2879 

10*220705 

9*8768  <;2 

28 

123 

10*123148 

10*097556 

2844 

9-902444 

4 

1 

so 

58 

9*779379 

2981 

10*220621 

9*876983 

29 

127 

10*123017 

10-097604 

2946 

9*902396 

2 

30 

60 

2d 

9*779463 

3084 

10*220537 

9-877114 

30 

132 

10-122886 

10*097651 

30  47 

9*902349 

0 

0 

r  // 

m. 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent  1    Cosec. 

Parts 

Sine 

m. 
1. 

/  tt 

53°                                                   ^^  32«       1 

76G 


TABLE  68 


2^  28™ 


/  // 

"o" 

30 
I 

30 
2 

30 

3 

30 

4 

30 

5 

30 
30 

7 

30 

8 

30 
0 
30 
10 

3U 

n 

30 

12 

30 

13 

30 

14 

30 
15 

30 

Ui 

30 

17 

30 

18 

30 

19 

30 

20 

30 

21 

30 

22 

30 

23 

30 

24 

30 
25 

30 

26 

30 

27 

so 

28 

30 

29 

30 

30 
/  // 


0 
2 
4 

6 

8 

10 

12 
14 
16 
18 
20 

22 
24 
20 
2S 
30 

32 
34 
36 
3S 
40 

42 
44 
40 

48 
50 

52 
54 
50 
58 
29 

m% 

4 
0 

10 

12 
14 
16 
18 
20 

32 
24 
26 
28 
30 

32 
34 

36 
38 
40 

42 
44 
46 
48 
50 

52 
54 
56 
58 
30 


Sine 


9-779463 

9779547 
9-779631 

9'7797i4 
9-779798 

9779882 

9-779966 
9-780049 
9-780133 
9-fSoii6 
9-780300 


9-780384 
9-780467 
9-780551 
9-780634 
9-780718 

9-780801 
0-780884 
9-780968 
9-781051 
9-781134 


9-781218 
9-781301 
9-781384 
9-781468 
9-781551 

9-781634 

9-781717 
9-781800 

9-781883 

9-781966 


9-782049 
9-782132 
9-782215 
9-782298 
9-782381 

9*782464 
9-782547 
9-782630 
9-782713 
9*782796 


9-782879 
9-782961 

9-783044 

9-783127 

9*783210 

9-783292 

9*783375 

9-783458 

9*78354^ 
9-783623 


9-783705 
9-783788 
9*783870 

9*783953 
9-784035 

9-784118 
9-784200 
9-784282 
9-784365 
9.784447 


Cosine 


Parts 


1"3 

2  6 

3  8 
411 

5  14 

6  17 

7  19 
822 
925 

10  28 

U  31 

1234 
1336 

1*39 
1542 

16  45 

1747 
18  50 

1953 

20  56 

21  58 
2261 
2364 
2467 
25  70 

2673 

277s 
2878 
2981 
3083 


1  3 

2  6 

3  8 
4ii 
5  14 

617 

719 
822 
925 
O28 

1  30 

233 
336 

439 

541 

644 

747 
850 

952 

2055 

2158 
2261 
2363 
24  66 

2569 

2672 

2774 

28  77 
2980 
3083 


Parts 


LOG.  SINES,  COSINES,  «tc. 


37* 


Cosec. 


0-220537 
0-2204^3 
0-220369 
0-220286 

0-220202 
0*220118 

0-220034 
0*219951 
0-219867 
0-219784 
0-219700 


0-219616 
0-219533 
0*219449 
0*219366 
0*219282 

0*219199 
0*219116 
0-219032 
0-218949 
0-218866 


0-218782 
0-218699 
0*218616 
0*218532 
0*218449 

0*218366 
0*218283 
0*218200 
0*218117 
0*218034 


0*417951 
0-217868 
0*217785 
0*217702 
0*217619 

0*217536 
0-217453 
0-217370 
0*217287 

0*217204 


0*217121 
0*217039 
0*216956 
0*216873 
0-216790 

0*216708 
0*216625 
0*216542 
0*216460 
0-216377 


0*216295 
0*216212 
0*216130 
0-216047 
0*215965 

0-215882 
0*215800 
0-215718 
0-215635 
0-215553 


Tangent 


9-877114 
9-877246 

9*877377 

9-877509 
9-877640 

9-877771 

9-877903 
9-878034 
9-878165 
9-878297 
9-878428 


9*878559 
9-878691 
9-878822 

9-878953 
9-879085 

9*879216 

9*879347 
9-879478 
9*879609 

9-87974' 


9-879872 
9-880003 
9-880134 
9-880265 
9*880397 

9-880528 
9*^80659 
9*880790 
9-880921 
9*881052 


9*881183 
9*881314 
9*881445 
9*881577 
9-881708 

9*881839 
9-881970 
9*882101 
9-882232 
9-882363 


9-882494 
9*882625 
9*882756 
9*882887 
9-883018 

9*883148 
9-883279 
9*883410 
9-883541 
9-883672 


9-883803 
9-883934 
9-884065 
9*884196 
9-884326 

9*884457 
9-884588 
9*884719 
9884850 
9-884980 


Parts 


// 


1 
2 
3 

4 
5 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 

23  loi 

24  105 

25  109 

26  114 

27  118 

28  122 
20  127 
30  131 


13 

17 

22 
26 
31 

35 
39 
44 
48 

51 

57 
61 

66 

70 

74 
79 
83 
87 
92 
96 


1      4 

a     9 

3     13 

*  17 

5  22 

6  26 

7  3' 

8  35 

9  39 

0  44 

1  48 

2  52 

3  57 

4  61 

15  65 

16  70 

7  74 

8  78 

9  83 

20  87 

21  92 

22  96 

23  100 

24  105 

25  109 

26  113 

27  118 

28  122 

29  126 

30  131 


Secant   I  Cotang. 


Parts 
52° 


Cotang. 

22886 
22754 
22623 
22491 
22360 
22229 

22097 
21966 
21835 
21703 
21572 


21441 
21309 
21 178 
21047 
20915 

20784 
20653 
20522 
20391 
20259 


20128 
19997 
19866 

19735 
19603 

19472 

19341 
19210 

19079 

18948 


18817 
18686 

'8555 
18423 

18292 

18161 
18030 
17899 

17768 
17637 


17506 

'7375 
17244 

17113 

16982 

16852 
16721 
16590 
16459 
16328 


16197 
16066 

'5935 
15804 

15674 

'5543 
15412 

15281 

15150 

15020 


Secant 


0-097651 
0*097699 
0-097747 
0-097794 
0*097842 
0-097890 

0-097937 
0*097985 
0*098033 
0*098080 
0-098128 


0*098176 
0*098224 
0-098271 
0*098319 
0*098367 

0*098415 
0*098463 
0-098510 
0*098558 
0*098606 


0*098654 
0*098702 
0-098750 
0*098798 
0-098846 

0*098894 
0*098942 
0-098990 
0*099038 
0*099086 


0-099134 
0*099182 
0-099230 
0-099278 
0*099326 

0-099374 
0*099422 
0*099471 
0-099519 
0*099567 


0-099615 
0*099663 
0-09971 1 
0*099760 
0*099808 

0*099856 
0*099904 
0*099953 
0*100001 
0*100049 


Parts 


1"2 

2  3 

»  5 

4  6 

5  8 

6  10 

7ii 
813 

9 '4 

10  16 

11  18 
1219 

13  21 

14  22 
1524 

I625 
1727 
18  29 
1930 
20  32 

2133 
2235 
2337 
2438 
2540 

2641 

2743 
2845 

2946 

30  48 


1 
2 
3 

4 
5 


0-100C98 
0*100146 
0*100194 
0*100243 
0-100291 

0*100340 
0*100388 
0-100436 
0*100485 

0*10053-? 


6  10 
7ii 
813 
914 
O16 

118 
2  19 
321 
423 
524 

626 
727 
829 
931 
20  32 

2134 
2235 
2337 
2439 
2540 

2642 

2743 
2845 

2947 
30  48 


Cosine 


9-902349 
9-902301 
9-902253 
9-902206 
9-902158 
9-9021 10 

9-902063 
9-902015 
9*901967 
9-901920 
9-901872 


9*901824 
9-901776 
9-901729 
9*901681 
9*901633 

9*901585 
9*901537 
9*90x490 
9*901442 
9*901394 


9*901346 
9-901298 
9*901250 
9-901202 
9*901154 

9*90x106 
9*90x058 
9*901010 
9*900962 
9-900914 


9-900866 
9-9008x8 
9-900770 
9*900722 
9-900674 

9*900626 
9-900578 
9*900529 
9-900481 
9-900433 


9*900385 
9-900337 
9*900289 
9*900240 
9-900192 

9*900x44 
9-900096 
9*900047 

9*899999 
9*899951 


9*899902 
9*899854 
9*899806 

9-899757 
9-899709 

9*899660 
9*899612 
9-899564 
9-899515 
9*899467 


Tangent  I    Cosec. 


Parts 


I  II 


Sine 


58 
M 

54 

92 
50 

48 

46 
44 

42 
40 

38 
36 
34 
S2 

30 

28 
20 
24 
22 
26 

18 
16 
14 
12 
10 

8 
6 
4 
2 
31 

58 

56 
M 
52 
50 

48 
46 
44 
42 
40 

38 
30 
34 

32 


28 
24 


18 
16 
14 
» 
10 

8 
6 
4 
2 
0 


60 

30 

59 

30 

58 

30 

57 

30 

56 

30 

55 


30 
54 

30 

53 

30 

52 
so 
51 

30 

50 


so 
49 

30 
48 

30 

47 
30 

46 

30 

45 


44 

30 

43 

30 

42 

30 
41 

311 

40 


30 

39 

30 

38 

30 

37 

30 

36 

30 
35 


30 
31 
30 

33 

30 

32. 

31 

31 

30 

30 


T 


/  m 


3'»  no*" 


TABLE  68 


767 


i 

LOG.  SINES, 

COSINES,  &e.                                                        1 

2»»  30™                                                   37°          .                                                           1 

/  // 

m. 

•• 

Sine 

Parte 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

• 

/  // 

30 

0 

9-784447 

10-215553 

9-884980 

10*115020 

10*100533 

9*899467 

30 

30 

90 

s 

9-784529 

l"3 

10-215471 

9-885111 

1' 

'    4 

10*114889 

10*100582 

1"2 

9-8994x8 

58 

30 

81 

4 

9-784612 

a  5 

10-215388 

9-885242 

2 

9 

10*114758 

10*100630 

a  3 

9-899370 

56 

29 

30 

0 

9-784694 

3   8 

10-215306 

9-885373 

3 

«3 

10*114627 

10-100679 

»   5 

9*899321 

54 

30 

32 

8 

9-784776 

4  11 

10-215224 

9-885504 

4 

«7 

10*114496 

10-100727 

4   6 

9*899273 

52 

28 

30 

10 

9-784858 

614 

10*215142 

9-885634 

5 

22 

10*114366 

10-100776 

5   8 

9*899224 

50 

30 

33 

IS 

9-784941 

616 

10-215059 

9-885765 

6 

26 

10*114235 

10-100824 

610 

9*899176 

48 

27 

30 

14 

9-785023 

719 

10-214977 

9-885896 

7 

30 

10*114104 

10*100873 

7x1 

9-899127 

46 

30 

34 

16 

9-785105 

822 

10-214895 

9-886026 

8 

35 

10*113974 

10*100922 

813 

9*899078 

44 

26 

30 

J8 

9-785187 

925 

10-214813 

9-886157 

9 

39 

10*113843 

10*100970 

915 

9-899030 

42 

30 

36 

20 

9-785269 

10  27 

11 30 

10-214731 

9-886288 

10 
11 

43 
48 

10*113712 

10*10x019 

1016 
11  18 

9-898981 

40 
38 

25 

30 

30 

9-785351 

10-214649 

9-886419 

10*113581 

10*101067 

9-898933 

36 

14 

9*785433 

12  33 

10*214567 

9*886549 

12 

5a 

10*113451 

10*101116 

1219 

9898884 

36 

24 

30 

30 

9785515 

1336 

10*214485 

9-886680 

13 

57 

10*113320 

10*101165 

1321 

9898835 

34 

30 

37 

98 

9-785597 

1*39 

10-214403 

9*886811 

14 

61 

10*113189 

10*101213 

1423 

9-898787 

32 

23 

30 

30 

9-785679 

1541 

10*214321 

9-886941 

15 

65 

10*113059 

10*101262 

16  24 

9-898738 

30 

30 

38 

32 

9-785761 

16  44 

10*214239 

9-887072 

16 

70 

10*112928 

10-101311 

16  26 

9-898689 

28 

22 

30 

34 

9-785843 

1747 

XO-214157 

9*887202 

17 

74 

10*112798 

10*101359 

1728 

9-898641 

26 

30 

39 

36 

9-785925 

18  49 

10*214075 

9*887333 

18 

78 

10-112667 

10*101408 

18  29 

9*898592 

24 

21 

30 

38 

9-786007 

1952 

10-213993 

9*887464 

19 

83 

10*112536 

io*xoi457 

1931 

9*898543 

22 

30 

40 

30 

40 
43 

9-786089 

2055 
2157 

10*213911 

9*887594 

20 
21 

87 
9» 

10*112406 

10*101506 

20  32 
2134 

9*898494 

20 
18 

20 

30 

9-786170 

10*213830 

9-887725 

10*112275 

10*101554 

9*898446 

41 

44 

9-786252 

2260 

10*213748 

9-887855 

22 

96 

10*112145 

10*101603 

2236 

9898397 

16 

19 

30 

46 

9-786334 

2363 

10*213666 

9*887986 

23 

100 

10*112014 

10*101652 

2337 

9898348 

14 

30 

42 

48 

9-786416 

24  66 

10-213584 

9*888ii6 

24 

104 

10*1x1884 

10*101701 

2439 

9-898299 

12 

18 

30 

$0 

9-786497 

25  68 

10-213503 

9*888247 

25 

109 

10*111753 

10*101750 

2541 

9-898250 

10 

80 

43 

» 

9-786579 

2871 

10-213421 

9*888378 

26 

"3 

10*111622 

10*101798 

2642 

9-898202 

8 

17 

30 

54 

9-786661 

2774 

10-213339 

9*888508 

27 

"7 

10*1x1492 

10*101847 

2744 

9-898153 

6 

30 

44 

56 

9-786742 

28  77 

10-213258 

9*888639 

28 

122 

10*1x1361 

10*101896 

2846 

9-898104 

4 

16 

30 

58 

9-786824 

29  80 

10-213176 

9*888769 

29 

126 

10*111231 

10*101945 

2947 

9-898055 

2 

80 

45 

31 

2 

9-786906 

30  82 

10-213094 

9*888900 

30 

130 

10*  X 1 1 xoo 

10*101994 

30  48 

9-898006 

29 

58 

16 

37 

30 

9-786987 

1    3 

10-213013 

9*889030 

1 

4 

10*110970 

10*  X  02043 

1    2 

9897957 

46 

4 

9-787069 

2   5 

10*212931 

9*889161 

2 

9 

10-110839 

xo*  X02092 

a  3 

9-897908 

56 

14 

30 

6 

9-787150 

3   8 

10*212850 

9*889291 

S 

»3 

10-110709 

XO*X02X4I 

»   5 

9*897859 

54 

30 

47 

8 

9-787232 

4ii 

10*212768 

9*889421 

4 

17 

10-110579 

10*102190 

*   7 

9*897810 

52 

13 

30 

10 

9-787313 

614 

10-212687 

9*889552 

6 

22 

lO'  1 10448 

xo- 102239 

5   8 

9*89776x 

50 

30 

48 

12 

9*787395 

616 

10-212605 

9*889682 

6 

26 

10-110318 

io*xo2a88 

610 

9*8977x2 

48 

12 

30 

14 

9-787476 

719 

10*212524 

9*889813 

7 

30 

10*110187 

XO-X02337 

7X1 

9-897663 

46 

30 

49 

16 

9-787557 

822 

10*212443 

9*889943 

8 

35 

10-110057 

10*102386 

813 

9*8976x4 

44 

11 

30 

18 

9-787639 

924 

10*212361 

9*890074 

9 

39 

10*109926 

10*102435 

915 

9*897565 

42 

30 

50 

20 
22 

9-787720 

10  27 

11  30 

10*212280 

9*890204 

10 
11 

43 
48 

10*109796 

10*102484 

10  16 

11  18 

9*8975x6 

40 
38 

10 
30 

30 

9-787801 

10*212199 

9*890334 

10-109666 

10*102533 

9*897467 

51 

24 

9-787883 

1233 

10*212117 

9*890465 

12 

5» 

10*109535 

10*102582 

1220 

9-897418 

36 

e 

30 

26 

9-787964 

1335 

10*212036 

9*890595 

13 

56 

10*  109405 

10*102631 

13  2X 

9*897369 

34 

30 

52 

28 

9-788045 

1438 

10*211955 

9*890725 

14 

61 

10*109275 

10*102680 

14  23 

9*897320 

32 

8 

30 

30 

9-788127 

1541 

10*211873 

9*890856 

15 

65 

10*109144 

10*102729 

1525 

9*897271 

30 

30 

53 

32 

9-788208 

16  43 

10*211792 

9-890986 

16 

69 

10*109014 

10*102778 

16  26 

9*897222 

28 

7 

30 

34 

9-788289 

1746 

10-211711 

9*891116 

17 

74 

10*108884 

10-102828 

1728 

9*897172 

26 

80 

54 

36 

9-788370 

18  49 

10*211630 

9*891247 

18 

78 

10*108753 

xo'xo2877 

18  29 

9*897123 

24 

6 

30 

38 

9-788451 

1951 

io*'aII549 

9891377 

19 

82 

10*108623 

xo- 102926 

I93X 

9-897074 

22 

30 

55 

40 
42 

9-788532 

2054 
2157 

10*211468 

9-891507 

20 
21 

87 
9» 

10*  108493 

10-102975 

20  33 
2134 

9*897025 

20 
18 

5 

30 

30 

9-788613 

10*211387 

9*891638 

10*108362 

10- 103024 

9-896976 

56 

4ft 

9-788694 

2260 

10*211306 

9*891768 

22 

95 

10*108232 

10-103074 

2236 

9*896926 

16 

4 

30 

46 

9-788775 

2362 

10*211225 

9*891898 

23 

100 

10-108102 

10-103x23 

2338 

9*896877 

14 

80 

67 

48 

9-788856 

2465 

10*211144 

9*892028  24 
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10*107972 
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2439 

9*896828 

12 

3 

80 

50 

9-788937 

25  68 
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25 
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9*896779 

10 

80 

58 

52 

9-789018 

2671 

10*210982 

9*892289 

26 

113 

10*107711 

XO-X0327I 

2642 

9*896729 

8 

2 

80 

94 

9-789099 

2773 

10*210901 

9-892419 

27 

117 

io*xo758x 

xo*xo3320 

2744 

9*896680 

e 

30 

69 

56 

9-789180 

2876 

10*210820 

9*892549 

28 

122 

xo*xo745i 

10*103369 

2846 

9*89663x 

4 

1 

30 

58 

9-789261 

2979 

10*210739 

9*892680 

29 

126 

10*107320 

xo*  1034x9 

2948 

9-8q658x 

2 

30 

60 

sa 

9-789342 

30  81 

10-210658 
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0 

0 

9*7«934» 

10-210658 

9*892810 

10-X07190 

10*103468 

9*896532 

as 

60 

30 

s 

9789413 

1"3 

10*210577 

9892940 

1* 

'    4 

10*107060 

10*1035x7 

1"% 

9896483 

38 

30 

1 

4 

9-789504 

a  5 

10*2x0496 

9-893070 

2 

9 

10*  106930 

xo*  103567 

a  3 

9-896433 

56 

59 

30 

« 

9-789584 

3   8 

10*210416 

9*893200 

3 

>3 

10'  106800 

10*1036x6 

8   5 

9*896384 

M 

ao 

2 

8 

9789665 

4ii 

10-210335 

9-893331 

4 

17 

xo*zo6669 

10*103665 

*   7 

9896335 

n 

58 

30 

10 

9-789746 

613 

io'sxo254 

9*893461 

5 

22 

10*106539 

10*103715 

5   8 

9-896285 

50 

30 

t 

El 

97898*7 

•  z6 

xo*axoi73 

9-893591 

6 

26 

10*106409 

10*103764 

610 

9-896236 

48 

67 

30 

14 

9-789907 

719 

10*2x0093 

9*893721 

7 

30 

lo'  106279 

10- 103 8 14 

7i» 

9-896186 

46 

30 

4 

10 

9-789988 

821 

xo*ziooxa 

9-893851 

8 

35 

10*106x49 

10*103863 

8x3 

9896x37 

44 

56 

30 

18 

9-790069 

9*4 

10*209931 

9*893981 

9 

39 

10*106019 

10*103913 

9x5 

9*896087 

43 

30 

5 

30 

to 

979o»49 

10  27 
1129 

10*209851 

9*894111 

10 
11 

43 
48 

10-105889 

10*103962 

10x6 
11x8 

9-896038 

40 
3S 

55 

30 

9  790230 

10*209770 

9-894241 

10-105759 

IO*X040X2 

9*895988 

6 

M 

9790310 

1232 

xo*20969o 

9*894372 

12 

5* 

io*io5628< 

10*104061 

1220 

9-895939 

36 

54 

30 

aa 

9-790391 

1335 

10-209609 

9-894502 

13 

56 

10*105498 

io'io4ixx 

13  2X 

9*895889 

34 

30 

7 

38 

9-790471 

1437 

10*209529 

9-894632 

14 

61 

10*105368 

10*104x60 

14  23 

9*895840 

33 

53 

so 

30 

9-790554 

IS  40 

10*209448 

9-894762 

15 

65 

10*105238 

10*1042 10 

1525 

9*895790 

30 

30 

8 

33 

9-79o63» 

16  43 

10*209368 

9-894892 

16 

69 

IO-X05I08 

10*104259 

16  26 

9*895741 

28 

52 

30 

34 

9-790713 

1746 

10*209287 

9*895022 

17 

74 

XO-X04978 

lo'  X04309 

1728 

9*89569  X 

36 

30 

9 

38 

9-790793 

18  48 

10*209207 

9-895152 

18 

78 

10*104848 

xo*  1043  59 

18  30 

9-89564X 

M 

51 

30 

38 

9*790874 

1951 

10*209126 

9-895282 

19 

82 

10*104718 

io*xo44o8 

1931 

9*895592 

33 

31 

10 
80 

40 

41 

9-790954 

2054 
2156 

10*209046 

9*895412 

20 
21 

87 
91 

10*104588 

10*104458 

2033 
2135 

9*895542 

30 
18 

50 

9791034 

10*208966 

9*895542 

10*104458 

10*104507 

9-895493 

11 

44 

9-791115 

2259 

10-208885 

9-895672 

22 

95 

10*104328 

10*104557 

2236 

9895443 

16 

49 

30 

46 

9-791195 

2362 

10-208805 

9-895802 

23 

100 

10*104198 

io*xo46o7 

2338 

9*895393 

14 

3D 

12 

48 

9-791275 

2465 

10-208725 

9*89593* 

24 

104 

lo'  104068 

10*104657 

2440 

9*895343 

13 

48 

30 

50 

9-791356 

2567 

10*208644 

9-896062 

25  108 

10*103938 

10*104706 
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9895294 

10 

an 

13 

52 

9-791436 

2670 

10*208564 

9*896192 

26 

"3 
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8 

47 

30 

54 
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9*896322 

27 

117 

10*103678 
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U 

50 

9-79x596 
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9*896452 

28 
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10*103548 
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2A46 

9*895x45 

4 

46 

30 

58 
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2978 

10*208324 

9-896582 

29 
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10*103418 

10*104905 
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9-895095 
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15 

30 

33 

9-791757 

3080 

10-208243 

9-896712 

30 

1 

130 

4 

10*103288 

10*104955 

3050 

9*895045 

27 

58 

45 

30 

9-791837 
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10*208x63 

9*896842 

10*103158 

10*  105005 

1   2 

9*894995 

16 

4 

9-791917 

a  5 

10*208083 

9*896971 

2 

9 

10-103029 

10*105055 

2   3 

9*894945 

86 

44 

30 

0 

9-791997 

3   8 

10*208003 

9*897101 

3 

13 
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»   5 

9*894896 

54 

30 

17 

S 

9-792077 
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10-207923 

9*897131 
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»7 

10*102769 

10*105x54 

*   7 

9*894846 

53 

43 

30 

10 
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10-207843 

9*897361 

6 

22 

10-102639 

10*  105204 
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9894796 

50 

30 

18 

12 
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10*207763 

9*897491 

6 

26 

10*102509 

10*105254 
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9-894746 

48 

42 

30 

14 

9-792317 

719 

10-207683 

9*897621 

7 

30 

10*102379 

10*105304 

7  12 

9894696 

46 

30 

19 

10 

9-792397 

821 

10*207603 

9*897751 

8 

35 

10*102249 

10*105354 
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9894646 

44 

41 

30 

18 

9-792477 
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9 

39 
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SO 
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11 
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9-894546 
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38 

40 

30 

9-792636 
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21 

24 
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12 

5* 
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xo-105554 

1220 

9-894446 

36 

89 

30 

28 

9-792796 

1335 

10*207304 

9*898400 

13 

56 

10*101600 

io*xo56q4 

13  22 

9894396 

34 

30 

22 

28 

9-79*876 

1437 

10*207x24 

9-898530 

14 

61 

10*10x470 

XO-X05654 

14  23 

9*894346 

33 

38 

30 

30 

9-792956 

1540 

10*207044 

9*898659 

15 

65 

io*ioi34X 

10*105704 

1525 

9-894296 

30 

30 
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32 

9*793035 
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10-206965 

9-898789 

16 

69 
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9894246 

38 

37 

so 

34 
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9-898919 

17 

74 

xo*ioio8i 
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1728 

9894x96 

36 

30 

24 

30 

9-793195 

18  48 

10*206805 

9*899049 

18 

78 

10-X0095X 

10-X05854 

18  30 

9-894146 

14 

36 

30 

38 

9*793*75 

1951 

10*206725 

9*899178 

19 

82 

10-100822 

10-105904 

1932 

9894096 

33 

30 

25 

30 

40 
43 

9*793354 

2053 
2156 

10*206646 

9*899308 
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21 
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91 

10-100692 

10*105954 
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2135 

9*894046 

30 
18 

35 

3» 

9*793434 

10-206566 

9*899438 

10*100562 

10*  106004 

9*893996 

26 

44 

9'7935H 
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xo-206486 

9*899568 

22 

95 

10*  100432 

10*  106054 
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9*893946 

16 

34 

30 

40 

9*793593 
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10-206407 

9*899697 

23 

99 

10*100303 

10*106x04 
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9-893896 

14 

3k 

27 

48 

9*793673 

2464 

10*206327 

9-899827 

24 
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10*100x73 

10*106x54 

2440 

9-893846 

13 

33 

30 

50 

9*79375* 

2567 

io-206248 

9*899957 

25  108 

10*100043 

10*106205 

2542 

9893795 

19 

30 

28 

52 

9*79383* 

2669 

xo'2o6i68 

9*900087 

26 

X12 
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10*106255 

2643 

9*893745 

8 

32 

30 

54 

9793911 

2772 

10*206089 

9*900216 

27 

117 

10*099784 

10*106305 

2745 

9*893695 

6 

30 

29 

56 

9793991 

28  74 

10-206009 

9-900346 

28 

121 

10*099654 

10*106355 

2847 

9893645 

4 

31 

30 

58 

9-794070 

2977 

10*205930 

9*900475 

29 
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10*099524 
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30 
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30 

0 

9794150 
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10-099395 
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9*893544 

26 

30 

2 

9-794229 
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10-205771 

9-900735 
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1 

4 
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9-893494 

58 

30 

31 

4 
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2 

9 
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56 

29 

30 

6 
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3 

13 
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9*893394 

54 

30 

32 

8 

9-794467 

4  II 

10-205533 

9-901124 

4 

17 

10-098876 

10-X06657 
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52 

28 

30 

10 

9-794546 

5  13 

10-205454 

9-901253 

5 

22 

10-098747 
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9-893293 

50 

30 

33 

12 

9-794626 

616 

10-205374 

9*90x383 

6 

26 

XO-098617 

10*106757 

6  10 

9-893243 

48 

27 

30 

14 

9-794705 

719 

10-205295 

9-901513 

30 

10-098487 

10-106808 

7  12 

9-893192 

46 

30 

34 

16 

9-794784 

821 

,10-205216 

9*901642 

8 

35 

10-098358 

10-106858 
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9-893142 

44 

26 

30 

18 

9-794863 
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9 

39 
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30 

35 

30 
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22 

9*  79494a 
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11 
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48 
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9-893041 

40 

38 

25 

30 

9-795oaa 

10-204978 

9-902031 

10-097969 

10-107009 

9-89299  X 

36 

24 

9-795101 

1232 

10-204899 

9-902160 

12 

52 

10*097840 

10-107060 

1220 

9*892940 

36 

24 

30 

20 

9-795180 

1334 

10*204820 

9*902290 

13 

56 

10-097710 

10-107110 

13  22 

9-892890 

34 

30 

37 

28 

9*795a59 

1437 

10*204741 

9-902420 

14 

60 

10*097580 

10-107161 

1424 

9*892839 

32 

23 

30 

30 

9-795338 

1539 

10*204662 

9-902549 

15 

65 

10-097451 

10-107211 

1525 

9*892789 

30 

30 

38 

32 

9'7954J7 

16  42 

10-204583 

9-902679 

16 

69 

10-097321 

10-107261 

16  27 

9*892739 

28 

22 

30 

34 

9-795496 

1745 

10-204504 

9*902808 

17 

73 

10*097192 

10-107312 

1729 

9*892688 

26 

30 

39 

30 

9*795575 

18  47 

10-204425 

9-902938 

18 

78 

10-097062 

10-107362 

18  30 

9-892638 

24 

21 

30 

38 

9-795654 
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10-204346 

9-903067 

19 

82 
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10-107413 
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9-892587 

22 

30 

40 

30 
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42 

9*795733 

2053 
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21 
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9' 
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10-107464 
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9-892536 

20 

18 

20 

30 

9-795812 

10*204188 
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10096674 

10-107514 

9-892486 

41 

44 

9-795891 
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10*204109 

9-903456 

22 

95 

10-096544 

10-107565 

2237 

9-892435 

16 

19 

30 

40 

9*795970 
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9-903585 

23 

99 

10-096415 

10-107615 

2339 

9-892385 
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42 

48 
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2463 

10-203951 

9-903714 

24 
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2440 

9-892334 
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30 

50 

9-796127 
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10-203873 

9-903844 
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2542 

9-892284 

10 

30 

43 

52 

9-796206 

26  68 

10-203794 

9*903973 

26 

112 

10*096027 

10-107767 

2644 

9-892233 

8 

17 

30 

54 

9-796285 

2771 

10-203715 

9-904103 

27 

"7 

10-095897 

10-107818 

2745 

9-892182 

6 

30 

41 

56 

9-796364 

28  74 

10-203636 

9-904232 

28 

121 

10*095768 

10-107868 

2847 

9-892132 

4 

16 

30 

58 

9-796443 

2976 

10-203557 

9-904362 

29 

"5 

10*095638 

10-107919 

2949 

9-892081 

2 

30 

45 

30 

35 

2 
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9-904491 

30 
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10-107970 

30  50 

9-892030 

2S 

58 

15 

30 

9-796600 

I    3 

10-203400 

9-904620 

I 

4 

10-095380 

10-108020 

1    2 

9-891980 

40 

4 

9-796679 

«    5 

10-203321 

9-904750 

2 

9 

10-095250 

10*108071 

2   3 

9*891929 

56 

14 

30 

6 

9-796757 

3    8 

10-203243 

9-904879 

3 

'3 

10-095121 

10*108122 

3    5 

9*891878 

54 

30 

47 

8 

9-796836 

4  10 

10-203164 

9-905008 

4 

17 

10-094992 

10-108173 
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9-891827 

52 

13 

30 

10 

9796914 

5  13 

10*203086 

9-905138 

5 

22 

10*094862 

10*108223 

5    8 

9-891777 

50 

30 

48 

12 

9-796993 

6j6 

10*203007 

9*905267 

6 

26 

10*094733 

xo- 108274 

6  10 

9-891726 

48 

12 

30 

14 

9*797072 

7  18 

10*202928 

9*905397 

7 

30 

10*094603 

10-108325 

7X2 

9-891675 

46 

30 

49 

16 

9-797150 

821 

10*202850 

9*905526 

8 

34 

10-094474 

10-108376 

814 

9*891624 

44 

11 

30 

18 

9-797229 

923 

10*202771 

9*905655 

9 

39 

10-094345 

10-108427 
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9-891573 

42 

30 

50 

30 

20 
22 

9-797307 

10  26 

11  29 

10*202693 

9*905785 
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11 

43 

47 
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10  17 

n  19 

9-891523 

40 
38 

10 

3n 

9-797386 

10-202614 

9*905914 
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10-108528 

9-891472 

51 

24 

9-797464 

1231 

10-202536 

9*906043 

12 

52 

10-093957 

10-108579 

1220 

9*891421 

36 

0 

30 

20 

9*797542 

1334 

10-202458 

9*906172 

13 

56 

10*093828 

10-108630 

13  22 

9-891370 

34 

30 

52 

28 

9-797621 

1437 

10-202379 

9-906302 

14 

60 

10*093698 

10-108681 

1424 

9-891319 

32 

8 

30 

30 

9*797699 

1539 

10*202301 

9-906431 

15 

65 

10-093569 

10-108732 

1525 

9*891268 

30 

30 

53 

32 

9*797777 

16  42 

10-202223 

9-906560 

16 

69 

io'093440 

IO-X08783 

16  27 

9-891217 

28 

7 

30 

Z\ 

9-797856 

1745 

10*202 144J 

9*906690 

17 

73 

10*093310 

10-108834 

1729 

9-891166 

20 

30 

54 

36 

9*797934 

18  47 

10-202066 

9-906819 

18 

78 

10-093181 

10-108885 

I831 

9-8911x5 

'24 

6 

30 

38 

9-798012 

1950 

10*201988 

9*906948 

19 

82 

10-093052 

10-108936 

1932 

9-891064 

-22 

30 

55 
30 

40 
42 

9-798091 

20  52 
2155 

10-201909 

9-907077 

20 
21 

86 
9' 

10-092923 

10-108987 

20  34 

21  36 

9-891013 

20 

18 

5 

30 

9*798169 

10-201831 

9*907207 

10-092793 

10-109038 

9*890962 

56 

44 

9-798247 

2258 

10*201753 

9  907336 

22 

95 

10*092664 

10*109089 

2237 

9-890911 

16 

4 

30 

46 

9-7983*5 

2360 

10-201675 

9-907465 

23 

99 

10-092535 

10*109140 

2339 

9-890860 

14 

30 

57 

48 

9-798403 

2463 

10*201597 

9*907594 

24 

103 

10-092406 

10-X0919I 

2441 

9-89080Q 

12 

3 

30 

50 

9798482 

2565 

10-201518 

9-907723 

25  108 

10092277 

10- 109242 

2542 

9-890758 

10 

30 

58 

52 

9*798560 

26  68 

10*201440 

9*9078^3 

26 

112 

10*092147 

IO-/09293 

2644 

9*890707 

8 

2 

30 

M 

9*798638 

2770 

10-201362 

9-907982 

27 

116 

10-092018 

10-109344 

2746 

9-890656 

0 

30 

69 

56 

9-798716 

28  73 

10-201284 

9*908111 

28 

121 

10*091889 

10-109395 

2848 

9*890605 

4 

1 

3i» 

58 

9-798794 

2976 

10-20x206 

9-908240 

29 

125 

10*091760 

IO-IC9446 

2949 

9-890554 

2 

30 

60 

36 

9-798S72 

3078 

10-201128 

9-908369 

30 

129 

10-091631 

10-109497 

30  51 

9-890  «;c3 

n 

0 

f  f'. 

•• 

Cosine 

Parts 

Secant 

1   Cotang. 

Parts 

Tangent 

Cosec. 

ParU 

Sine 

»-!"'| 

510                                                               3h  *;4m        1 

3  D 


770 


TABLE  G8 


LOG.  SINES.  COSINES,  &c. 


2*^  36'" 


/  // 

30 
1 

30 

2 

30 
30 

4 

30 

6 

30 

6 

30 

7 
30 

8 

30 

9 

30 

10 

30 
11 
30 

12 

30 

13 

30 

14 

30 
15 

30 

16 

30 

17 

30 

18 

30 

19 

30 

20 


30 

21 

30 

22 

30 

23 

30 

24 

30 

25 


30 

26 

30 

27 

30 
28 

30 

29 

30 

30 
'/  n 


m 


0 
2 
4 

0 

8 

10 

12 
14 
16 
18 
20 

22 
24 
20 
28 
30 

32 
34 
30 

38 
40 

42 
44 
40 
48 
50 

52 
54 
50 
58 
37 

2 
4 

6 

8 

10 

12 
14 
10 
18 
20 

22 
24 
26 

28 
30 

32 
34 
36 

38 
40 

42 
44 

46 
48 
50 

52 
54 

58 


9-798872 
9-798950 
9*799028 
9*799106 
9-799184 
9-799262 

9'799339 
9799417 

9*799495 

9799573 
9-799651 


Sine 


9-799728 
9*799806 
9*799884 
9-799962 
9*800039 

9*800117 
9-800195 
9-800272 
9*800350 
9*800427 


9*800505 
9-800582 
9-800660 
9*800737 
9-800815 

9*800892 
9*800969 
9-801047 
9-801 124 
9*801201 


9*801279 
9-801356 
9*801433 
9*801511 
9*801588 

9*801665 
9*801742 
9*801819 
9*801896 
9*801973 


9*802051 
9*802128 
9-802205 
9*802282 
9*802359 

9*802436 
9*802512 
9*802589 
9*802666 
9-802743 


9*802820 
9*802897 
9-802974 
9-803050 
9*803127 

9-803204 
9*803281 

9*803357 
9-803434 
9*803511 


ViSP 


Cosine 


Parts 


1-3 

2  5 

3  8 

4  10 
513 

616 
718 
»2I 
923 
O26 

I28 
231 

333 
436 

538 
641 
744 
847 
950 
20  52 

2155 
2257 
23  60 
2462 
2565 

2667 

2770 
28  73 
2975 
30  78 


1    3 

«   5 

3  8 

4  JO 

6  13 

6,5 

7  18 

82X 

923 
026 

1 28 

231 

333 

436 
538 

641 

743 

846 

948 

2051 

2154 
2257 
2359 

2462 
2564 

2667 
2769 
2872 

2974 

30  77 


Cosec. 


Parts 


0-201128 
0*201050 
0*200972 
0*200894 
o*20o8i6 
0*200738 

o*20c66i 
0*200583 
0*200505 
0*200427 
0*200349 


0*200272 
0*200194 
0*200116 
0*200038 
0*199961 

0*199883 
0-199805 
0*199728 
0*199650 
0*199573 


0-199495 
0*199418 
0*199340 
0*199263 
0*199185 

0-199108 
0-199031 
0-198953 
0-198876 
0*198799 


0-198721 
0*198644 
0*198567 
0-198489 
0*198412 

0-198335 
0*198258 
0*198181 
0*198104 
0*198027 


0*197949 
0*197872 
0*197795 
0*197718 
0*197641 

0-197564 
0-197488 
0-197411 
0*197334 
0*197257 


0*197180 
0*197103 
0*197026 
0*196950 
0-196873 

0*196796 
0*196719 
0-196643 
0*196566 
0*196489 


Secant 


Tangent 


9*9083^ 
9-908498 
9*908628 
9*908757 
9*908886 
9*909015 

9*909144 
9*909273 
9*909402 
9*909531 
9*909660 


9-909789 
9*909918 


8  34 

9  38 

0  43 

1  47 

2  52 


9*9 
9*9 
9*9 

9*9 
9*9 

9*9 

9'9 
9.9 


9*9 

99 
9-9 

9*9 

9.9 

9*9 
9-9 
9*9 
9-9 

9*9 


9.9 

9*9 
9.9 

9*9 
9*9 

9*9 
9*9 
9*9 
9*9 
9*9 


9*9 
9*9 

9*9 

9*9 
9*9 

9*9 

9*9 
9*9 

9*9 
9*9 


9*9 
9*9 

9*9 

9*9 
9*9 

9.9 

9*9 
9*9 
9*9 
9*9 


0048 
0177 
0306 

0435 
0564 

0693 

0822 

0951 


1080 
1209 
1338 
X467 
1596 

1725 
1853 
1982 

2XII 

2240 


64 
69 

7  73 

8  77 

9  82 
20  86 

21 


22 
23 


2369 
2498 
2627 
2756 
2885 

3014 

3143 
3271 

3400 
35*9 


3658 

3787 
J916 

4.044 

4>73 
4302 

4431 
4560 

4688 
4817 


4946 

5075 
5203 

5332 
5461 

5590 
5718 

5847 
5976 

6104 


Cotang. 


Parts 


\" 

2 

3 

4 

5 

6 

7 


4 

9 

13 

17 
21 

26 

30 


56 
60 


90 

95 

99 

24  103 

25  107 

26  X12 

27  116 

28  120 

29  125 

30  129 


1  4 

9  9 

3  13 

*  17 

6  21 

6  26 

7  30 

8  34 

9  39 

10  43 

11  47 

12  51 

13  56 

14  60 

15  64 

16  69 

»7  73 

18  77 

19  82 

20  86 


21 
22 
23 
24 
25 

26 
27 
28 
29 
30 


90 
94 

99 
103 

107 

112 
116 

120 
124 
129 


Parts 
30° 


Cotang. 


0*091631 
0*091502 
0*091372 
0*091243 
0*091114 
0*090985 

0-090856 
0*090727 
0*090598 
0*090469 
0*090340 


00902 11 
0*090082 
0*089952 
0*089823 
0-089694 

0-089565 
0*089436 
0*089307 
0-089178 
0*089049 


o* 
o* 
o* 
o* 
o- 

o* 

pp- 

o* 
lio- 

o- 


0*088920 
0-088791 
0*088662 
0*088533 

0*088404 

0-088275 
0*088147 
o'o88oi8 
0*087889 
0*087760 


0*087631 
0*087502 
0*087373 
0*087244 
0*087115 

0*086986 
0-086857 
0*086729 
0*086600 
0-086471 


0*086342 
0-086213 
0*086084 
0*085956 
0*085827 

0*085698 
0*085569 
0*085440 
0*085312 
0*085183 


Secant 


0*085054 
0*084925 
0*084797 
0*084668 
0*084539 

0*084410 
0*084282 
0*084153 
0*084024 
0-083896 


Tangent 


o* 
o* 
o* 
o* 
o* 
o* 

o* 

o* 
o* 
o* 
o* 


o* 
o- 
o* 
o- 
o- 

o- 
o* 
o- 
o- 
o* 


o* 
o- 
o* 
o* 

o- 

o* 
o* 
o- 
o- 
o* 


o* 
o* 
o* 
o* 
o* 

o* 
o* 
o* 
o* 
o* 


o- 
o* 
o* 
o- 
o* 

o- 
o- 

o* 
o* 
o* 


C9497 
09549 

09600 
09651 

09702 

09753 

09805 
09856 

09907 
09958 

0010 


0061 
0112 
0164 
0215 
0266 

0318 

0369 
0421 

0472 
0523 


0575 

0626 

0678 

0729 

0781 

0832 
0884 

0936 

0987 
1039 


1090 
II4Z 

1194 

1245 
1297 

«J49 
1400 

1452 
1504 
1556 


1607 

1659 

17II 

1763 
1815 

1866 
I9I8 

1970 

2022 

2074 


2126 

2178 

2230 
2282 

2J34 

2386 
2438 
2490 
2542 

^594 


Cosec. 


Parts 


\"7. 

2    3 

»   5 

♦  7 
5    9 

610 

7  12 

814 
913 

fO  17 

119 

221 
3  22 
424 
526 

627 
729 
831 
932 
2034 

21  36 
2238 
2339 
2441 
2543 

8644 
2746 
2848 
2950 
3O51 


2ft 

58 
3« 


1 

2 
3 
4 
6 


2 

3 
5 
7 
9 


ft  xo 

7  12 

8  14 

9  16 

10  17 

11  19 

1221 
13  22 

1424 
15  26 

>6  28 
1729 
1831 
1933 
2O35 

21  36 
2238 
2340 
2442 
2543 

2645 

2747 
2848 
2950 
30  52 


Paits 


''  "^^^       -  , 

9*889939    38       30 
9*889888    36    54 
9*889836    34       * 
9889785 
9*889734 

9-88968 
9-88963. 

9-889579 
9-889528 

9*889477 


9-889425 
9*889374 
9*889322 
9-88927X 
9-889219 

9-889168 
9-S89I16 
9*889064 
9*889013 
9*888961 


9*888910  58 

9*888858  50 

9-888806  frt 

9-888755  52 

9*888703  50 

'88865X  48 

9-888600  46       • 

9-888548  44    41 

9*888496  42       30 

9888444  40    40 


30 


9-888393  38 

9*888341  36    39 

9*888289  34 

9-888237  32    38 

9-888185  30 

-888 


9* 

9* 

9 

r     ... 
9887926 


888082 

888030 

-887978 


9*887874 
9*887822 
9*887770 
9*887718 
9*887666 

9*8876 

9*8875 

9*8875  - 

9*887458 
9*887406 


30 
32    63 
30       30 

28  52 

2«  30 

24  51 

22  30 

20  M 

18       30 

16    49 

14        30 

12    48 

3r. 

47 

30 

46 

30 

45 


10 

8 


134    28  37 

26  80 

24  88 

22  30 

20  35 

18  30 

22      16  34 

14  30 


18     12 
10 


'4 

2 

10 


Sine 


8 

0 
4 
2 


00 
30 

59 


9*890503 
9-890451 

9*890400  .. 

9*890349  54  30 

9*890298  52  58 

9*890247  50  3( 

9-890195  48  57 

9*890144  46  30 

9*890093  44  56 

9*890042  42  30 

9*889990  40  55 


Cosine 


/  // 


30 


44 

30 

43 

30 

42 

30 


33 

30 

32 

30 

31 

30 

30 


111 


yh  22'» 


TA 

BLE  68 

77t 

LOG.  SINES,  COSINES,  &c. 

2^  38'"                                                        39^ 

:*o 

m. 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang.       Secant 

Part» 

Cosine 

m. 

/    // 

30 

0 

9-803511 

10-196489 

9*916104 

10*083896  10*112594 

9-887406 

22 

30 

2 

9-803587 

1"3 

10-196413 

9*916233 

1"    4 

10*083767 

lo*  1 12646 

1"2 

9*887354 

58 

30 

31 

4 

9*803664 

2    5 

10*196336 

9*916362 

2      9 

10*083638 

10-112698 

2    3 

9*887302 

56 

29 

30 

6 

9-803740 

3    8 

10*196260 

9-916491 

3     13 

10*083510 

ro*ii2750 

3   5 

9*887250 

54 

30 

32 

8 

9-803817 

4  10 

10*196183 

9-916619 

4     17 

ro-o8338i 

10-112802 

4    7 

9*887198 

52 

28 

30 

10 

9-803893 

513 

10*196107 

9*916748 

5    21 

10*083252 

10*112854 

6    9 

9-887146 

50 

30 

33 

12 

9-803970 

615 

10*196030 

9*916877 

6    26 

10*083123 

10*112907 

610 

9-887093 

48 

27 

30 

14 

9*804046 

7  18 

10*195954 

9*917005 

7    30 

10*082995 

10*112959 

711 

9-887041 

46 

30 

34 

16 

9*804123 

820 

10*195877 

9*917134 

8     34 

10-082866 

10*113011 

8  14 

9-886989 

44 

26 

so 

18 

9*804199 

923 

10*195801 

9*917262 

9     VJ 

10-082738 

10*113063 

916 

9*886937 

42 

30 

35 

30 

20 
22 

9*804276 

10  25 

11  28 

10*195724 

9  9'739' 

10  43 

11  47 

10-082609 

10*113115 

10  17 

11  19 

9*886885 

40 
38 

25 

30 

9*804352 

10*195648 

9*917520 

10*082480 

10*113168 

9-886832 

36 

24 

9-804428 

1230 

10*195572 

9-917648 

12     51 

10-082352 

10-113220 

1221 

9*886780 

36 

24 

30 

2G 

9804505 

1333 

10*195495 

9'9»7777 

13     56 

10*082223 

10*113272 

1323 

9-886728 

34 

SO 

37 

28 

9-804581 

H3S 

10*195419 

9*917906 

14     60 

10*082094 

10*113324 

14  24 

9-886676 

32 

23 

30 

30 

9-804657 

1538 

10*195343 

9*918034 

15     64 

10*081966 

10-113377 

1526 

9*886623 

30 

30 

38 

32 

9-804734 

16  40 

10*195266 

9-918163 

16    69 

10-081837 

10-113429 

1628 

9*886571 

28 

22 

30 

34 

9*804810 

1743 

10*195190 

9*918291 

J7    73 

10*081709 

10*113481 

1730 

9-886519 

20 

30 

39 

30 

9-804886 

18  46 

10*195114 

9*918420 

18    77 

10*081580 

10-113534 

I831 

9-886466 

24 

21 

30 

38 

9*804962 

1948 

10*195038 

9-918548 

19    81 

10*081452 

10-113586 

1933 

9-886414 

22 

30 

40 

30 

40 
42 

9-805039 

2051 

2153 

10*194961 

9-918677 

20  86 

21  90 

10-081323 

10*113638 

2035 
2137 

9*886362 

20 

18 

20 
30 

9*805115 

10*194885 

9-918805 

10-081195 

10*113691 

9-886309 

41 

44 

9-805191 

2256 

10*194809 

9-918934 

22    94 

10-081066 

10*113743 

2238 

9-886257 

16 

19 

30 

46 

9-805267 

2358 

10*194733 

9-919063 

23     99 

10-080937 

10*113796 

2340 

9*886204 

14 

30 

42 

48 

9-805343 

2461 

10-194657 

9-919191 

24  103 

10*080809 

10*113848 

2442 

9-886152 

12 

18 

30 

SO 

9-805419 

2563 

10*194581 

9-919320 

26  107 

10-080680 

10*113901 

26  44 

9*886099 

10 

so 

43 

52 

9-805495 

26  66 

10*194505 

9-919448 

26  111 

10-080552 

10-113953 

2645 

9*886047 

8 

17 

30 

M 

9-805571 

27  68 

10*194429 

9-919577 

27  116 

10-080423 

10*114005 

2747 

9-885995 

6 

so 

44 

96 

9S05647 

2871 

10-194353 

9-919705 

28  120 

10-080295 

10*114058 

28  49 

9*885942 

4 

16 

30 

58 

9-805723 

2973 

10*194277 

9-919834 

29  124 

io*o8oi66 

10*114110 

2950 

9-885890 

2 

sw 

45 

30 

39 

2 

9*805799 

30  76 

10*194201 

9-919962 

30  129 

10*080038 

10*114163 

30  52 

9*885837 

58 

15 

30 

9-805875 

1    3 

10*194125 

9-920091 

1       4 

10*079909 

10*114216 

1     2 

9*885784 

46 

4 

9-805951 

2    5 

10*194049 

9-920219 

2       9 

10*079781 

10*114268 

a  4 

9-885732 

56 

14 

30 

6 

9-806027 

3    8 

10*193973 

9-920348 

3     13 

10*079652 

10*114321 

3    5 

9885679 

54 

30 

47 

8 

9-806103 

4IO 

10*193897 

9-920476 

4     17 

10*079524 

10*114373 

♦    7 

9-885627 

52 

13 

30 

10 

9-806179 

5  13 

10*193821 

9*920604 

V  5    21 

10*079396 

10*114426 

5    9 

9-885574 

50 

30 

48 

12 

9*806254 

«T5 

10*193746 

9*920733 

6    26 

10*079267 

10*114478 

611 

9-885522 

43 

12 

30 

14 

9-806330 

7  18 

10*193670 

9-920861 

7    30 

10*079139 

10*114531 

712 

9*885469 

40 

:io 

49 

10 

9*806406 

820 

10*193594 

9-920990 

8     34 

10*079010 

10*114584 

8  14 

9*885416 

44 

II 

30 

18 

9*806482 

923 

10*193518 

9*921118 

9     39 

10*078882 

10*114636 

916 

9-885364 

42 

30 

50 

20 
22 

9*806557 

10  25 

1128 

10-193443 

9*921247 

10    43 
U     47 

10*078753 

10-114689 

10  18 

11  20 

9*885311 

40 
38 

10 
30 

30 

9-806633 

10-193367 

9*921375 

10*078625 

10*114742 

9*885258 

51 

24 

9*806709 

1230 

10*193291 

9*921503 

12     51 

10*078497 

10-114795 

1221 

9-885205 

36 

9 

30 

26 

9-806785 

1333 

10*193215 

9*921632 

13     56 

10*078368 

10*114847 

13  23 

9*885153 

34 

30 

52 

28 

9-806860 

1*35 

10*193140 

9-971760 

14     60 

10*078240 

10*114900 

14  25 

9*885100 

32 

8 

30 

30 

9*806936 

1538 

10*193064 

9-921889 

15     64 

10-078111 

10*114953 

15  26 

9*885047 

30 

30 

53 

32 

9*807011 

1640 

10*1929X9 

9-922017 

16    68 

10*077983 

10*115006 

16  28 

9-884994 

28 

7 

30 

34 

9*807087 

1743 

10*192913 

9*922145 

17    73 

10*077855 

10*115058 

1730 

9*884942 

26 

30 

54 

36 

0*807163 
^-807238 

I845 

10*192837 

9-922274 

18    77 

10*077726 

10*115111 

18  32 

9*884889 

24 

6 

30 

38 

1948 

10*192762 

9*922402 

19    81 

10*077598 

10*115164 

1933 

9*884836 

2S 

30 

55 

30 

40 
42 

9*807314 

20  50 
2153 

10*192686 

9-922530 

20  86 

21  90 

10*077470 

10*115217 

2035 
2137 

9-884783 

20 

18 

5 

30 

9-807389 

10*192611 

9*922659 

10*077341 

10*115270 

9-884730 

56 

44 

9-807465 

2255 

10*192535 

9*922787 

22    94 

10077213 

10*115323 

32  39 

9-884677 

16 

4 

30 

40 

9-807540 

2358 

10*192460 

9-922915 

23     98 

10-077085 

10*115375 

2340 

9884625 

14 

30 

57 

48 

9*807615 

2460 

10*192385 

9-923044 

24  103 

10*076956 

10*115428 

2442 

9-884572 

12 

9 

30 

SO 

9*807691 

2563 

10-192309 

9*923172 

25  107 

10*076828 

10*115481 

2544 

9*884519 

10 

30 

58 

52 

9*807766 

2665 

10*192234 

9*923300 

26  III 

10-076700' 

10*115534 

2646 

9*884466 

8 

2 

30 

54 

9*807842 

27  68 

10*192158 

9*923429 

27  116 

10-076571 

10*115587 

2748 

9-884413 

0 

30 

hO 

56 

9*807917 

2870 

10*192083 

9*923557 

28  120 

10*076443 

10*115640 

28  49 

9-884360 

4 

1 
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9-807992 

2973 

10-192008 

9-923685 

29  124 

10-076315 

10*115693 

2951 

9-884307 

2 

30 

GO 

«0 
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30  76 

10-191933 
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30 

s 
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9-884201 

^8         30 

1 

4 
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2 

9 

10*075930 
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2  4 
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59 

30 

0 
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3    8 
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3 

13 
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»  5 

9*884095 

54 

30 

2 

8 
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4  10 

10*191632 

9-924327 

4 

17 

10-075673 

10*115958 
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9-884042 

52 

58 

30 

10 
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10*191556 

9*9^4455 

5 

21 

10*075545 

10*116011 

5    9 

9-88^989 

50 

30 

3 

12 

9*808519 

615 

10*191481 

9*924583 

6 

26 

10*075417 

10*116064 

611 

9-883936 

48 

57 

30 

14 

9*808594 

7  18 

10*191406 

9*924711 

7 

30 

10-075289 

10*116117 

7  12 

9*883883 

40 

30 

4 

•10 

9*808669 
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10*191331 

9*924840 

8 

34 
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10*116171 
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9-88)829 

44 

56 

30 

l» 

9*808744 
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10*191256 
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38 
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9*883776 
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30 

5 

30 
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2i 

9-808819 

IO25 
11  28 

10*191181 

9*925096 
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11 
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40 

38 
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30 
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9*925224 
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6 

24 

9*808969 
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10*191031 

9*925352 

12 
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10*116383 
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9*883617 

36 

54 

30 

20 
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1333 

10*190956 

9*925481 

13 

56 

10*074519 

10*116436 

1323 

9-883564 

34 

30 

7 

2S 

9*809119 

1435 

10*190881 

9*925609 

14 

60 

10074391 

10*116490 

1425 

9*883510 

32 

53 

30 

30 

9*809^94 

1538 

10*190806 

9*925737 

15 

64 

10*074263 

10*116543 

15  27 

9*^3457 

30 

30 

8 

32 

9*809269 

16  40 

10*190731 

9*925865 

16 

68 

10*074135 

10*116596 

16  28 

9-883404 

28 

52 

30 

34 

9*809344 
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10*190656 

9*9*5993 

17 

73 

10*074007 
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9*883351 

20 

30 

9 

30 

9-809419 
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10*190581 

9-926122 

18 

77 

10*073878 

10*116703 

18  32 

9*883297 

24 

51 

30 

3S 

9-809494 

1948 

10*190506 

9*926250 

19 

81 

10*073750 

10*116756 

1934 

9-883244 

22 

30 

10 
30 

40 
42 

9-809569 

2050 
2153 

10*190431 

9*926378 

20 
21 

85 
90 

10*073622 

10*116809 

2035 
2137 

9*883191 

20 

18 

50 

30 

9*809643 

10*190357 

9*926506 

10*073494 

10*116863 

9*883137 

11 

44 

9*809718 

2255 

10*190282 

9*926634 

22 

94 

10*073366 

10*116916 

2239 

9*883084 

10 

49 

30 

46 

9-809793 

2358 

10*190207 

9*926762 

23 

98 

10*073238 

10*116969 

2341 

9*883031 

14 

30 

12 

48 

9*809868 

2460 

10*190132 

9*926890 

24 

102 

10*073110 

10*117023 

2442 

9*882977 

12 

48 

30 

50 

9*809943 

2563 

10*190057 

9*927019 

25 

107 

10*072981 

10*117076 

2544 

9*882924 

10 

M 

13 

W 

9*810017 

2665 

10*189983 

9*927147 

26 
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10*072853 

10*117129 

2646 

9*882871 

8 

47 

30 

54 

9*810092 

2768 

10*189908 

9*927275 

27 

"5 

10*072725 

10*117183 

2748 

9*882817 

0 

BO 

14 

50 

9-810167 

2870 

10*189833 

9*927403 

38 

120 

10*072597 

10*117236 

2850 

9*882764 

4 

46 

30 

58 

9*810241 

2973 

10*189759 

9*927531 

29 

124 

10*072469 

10*117290 

2951 

9*882710 

2 

30 

15 

30 

3 

9*810316 

3075 

10*189684 

9*927659 

SO 

128 

10*072341 

10*117343 

3053 

9*882657 

1» 

58 

45 

30 

9-810390 

1    2 

10*189610 

9*927787 

1 

4 

10*072213 

10*117397 

1     2 

9*882603 

1« 

4 

9*810465 

«   5 

10*189535 

9*9x7915 

2 

9 

10*072085 

10*117450 

a  4 

9*882550 

50 

44 

30 

6 

9*810540 

3   7 

10-189460 

9*928043 

3 

»3 

10*071957 

10*117504 

»  5 

9*882496 

54 

30 

17 

8 

9*810614 

4  10 

10*189386 

9*928171 

4 

17 

10*071829 

10-117557 

♦  7 

9*882443 

52 

43 

30 

10 

9*810689 

5  12 

10*189311 

9*928299 

6 

21 

10*071701 

10*117611 

5    9 

9*882389 

50 

30 

18 

12 

9*810763 

615 

10*189237 

9*928427 

6 

26 

10*071573 

10*117664 

611 

9*882336 

48 

42 

30 

14 

9*810838 

717 

10*189162 

9*928555 

7 

30 

10*071445 

10*117718 

713 

9*882282 

40 

30 

19 

10 

9-810912 

820 

10*189088 

9*928684 

8 

34 

10*071316 

10*117771 

814 

9*882229 

44 

41 

30 

18 

9*810986 

9  22 

10*189014 

9*928812 

9 

38 

10*071188 

10*117825 

9  16 

9*882175 

42 

30 

20 

30 

20 
22 

9-811061 

1025 
11  27 

10*188939 

9*928940 

10 
11 

43 
47 

10*071060 

10*117879 

10  18 

11  20 

9*882121 

40 
38 

40 

30 

9-811135 

10*188865 

9-929068 

10*070932 

10*117932 

9-882068 

21 

M 

9*811210 

1230 

10*188790 

9*929196 

12 

5' 

10*070804 

10*117986 

1221 

9*882014 

30 

39 

30 

20 

9*811284 

1332 

10*188716 

9*929324 

13 

55 

10*070676 

10*118040 

1323 

9*881960 

34 

30 

22 

28 

9*811358 

1*35 

10*188642 

9929452 

14 

60 

10*070548 

10*118093 

1425 

9*881907 

32 

38 

30 

30 

9-811433 

1537 

10*188567 

9929580 

15 

64 

10*070420 

10*118147 

15  27 

9*881853 

30 

30 

23 

32 

9-811507 

16  40 

10*188493 

9*929708 

16 

68 

10*070292 

10*118201 

16  29 

9*881799 

28 

37 

30 

34 

9-811581 

174a 

10*188419 

9*929836 

17 

73 

10*070164 

10*118254 

1730 

9-^81746 

20 

SO 

24 

30 

9-811655 

I845 

10*188345 

9929964 

18 

77 

10*070036 

10*118308 

18  32 

9*881692 

24 

36 

30 

38 

9-811730 

1947 

10-188270 

9-930092 

19 

81 

10069908 

10*118362 

1934 

9-881638' 

22 

30 

2:» 

30 

40 
42 

9*811804 

20  50 

21  52 

10*188196 

9*930220 

20 
21 

85 
90 

10*069780 

10*118416 

20  36 

21  38 

9*881584 

20 
18 

35 

30 

9-811878 

10*188122 

9-930348 

10*069652 

10*118470 

9*881530 

20 

44 

9-811952 

2255 

10*188048 

9*930475 

22 

94 

10*069525 

10*118523 

2239 

9*881477 

10 

34 

30 

40 

9-811026 

*J57 

10*187974 

9-930603 

23 

98 

10*069397 

10-118577 

2341 

9*881423 

14 

30 

27 

48 

9*8i2ico 

2460 

10*187900 

9930731 

24 

102 

10*069269 

10-118631 

2443 

9*881369 

12 

33 

30 

50 

S  812174 

25  6z 

10*187826 

9*930859 

25 

107 

10*069141 

10*118685 

2545 

9*881315 

10 

30 

28 

52 

9*811248 

2665 

10*187752 

9*930987 

26 

111 

10*069013 

10*118739 

2647 

9*881261 

8 

32 

30 

54 

9*812322 

2767 

10*187678 

9-931115 

27 

"5 

10-068885 

10*118793 

2748 

9*881207 

0 

30 

29 

56 

9*812396 

2870 

10*187604 

9*93  »M3 

28 

119 

10*068757 

10-118847 

2850 

9*881153 

4 

31 

30 

58 

9-812470 
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10*187530 

9-931371 

29 
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10*118901 
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9*881099 

2 

30 

30 
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30 

s 
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10*187308 

9*93i-'55 

2 

9 
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26 
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48 

27 

30 

14 
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10*186938 
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7 

30 
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46 

30 

M 

10 

9-813135 
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10*186865 
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8 

34 
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2C 

30 

18 
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3^ 
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30 

35 

30 
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22 
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40 

38 

25 

30 

9*8>3357 
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9*932906 

10*067094 
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36 

24 

9*813430 

1329 

10*186570 

9-933033 

12 

51 

10*066967 
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9*880397 

36 

24 

30 

28 

9*813504 
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10' 186496 

9*933161 

13 

55 

10*066839 

10*119657 

13  24 

9*880343 

34 

30 

37 

28 
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1434 
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9*933289 

14 

60 

10*066711 

10*119711 

1425 
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32 

23 

30 

30 

9*8x3651 
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15 

64 
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30 

30 
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68 
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10*119820 
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26 
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10*186x28 
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77 
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24 

21 

30 

38 

9*813946 
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94 
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2749 

9*879583 

6 

30 

44 

56 

9*8x4607 

2869 

ioM8ft393 

9*935078 

28 

XX9 

10*064922 

10*120471 

285X 

9*879529 

4 

16 

30 

58 

9*814680 

2971 

XO-X85320 

9*935206 

29 

X24 

10^064794 

10*120526 

2952 

9*879474 

2 

30 

45 

ft3 
2 

9*8»4753 

3074 

xo»x85247 

9*935333 

30 

128 

10-064667 

10*120580 

3054 

9*879420 

17 

58 

15 

30 

30 

9*814827 

1    2 

10*185173 

9*935461 

1 

4 

10-064539 

10*120635 

1     2 

9-879365 

46 

4 

9*814900 

«   5 

10-185100 

9*935589 

2 

9 

10*064411 

10-120689 

a  4 

9-879311 

50 

14 

30 

0 

9*814973 

S   7 

10*185027 

9'9557'7 

3 

n 

10-064283 

10*120743 

3  5 

9*879257 

M 

30 

47 

8 

9*815046 

4  10 

10-X84954 

9-935844 

4 

17 

10*064x56 

10*120798 

♦   7 

9*879202 

52 

13 

30 

10 

9*815120 

5  12 

10*184380 

9-935972 

5 

21 

10*064028 

10*120852 

6    9 

9-879x48 

50 

30 

48 

12 

9-815x93 

615 

X  0*184807 

9*936x00 

6 

26 

10*063900 

10*  X 20907 

6x1 

9*879093 

48 

12 

30 

14 

9-8x5266 

717 

XO-X84734 

9-936227 

7 

30 

10*063773 

10*120961 

713 

9*879039 

46 

30 

49 

10 

9*8x5339 

820 

xo*x8466i 

9*936355 

8 

34 

10*063645 

10*121016 

8  15 

9*878984 

44 

11 

30 

18 

9*8154x2 

922- 

lo' 184588 

9*936483 

9 

3« 

10-063517 

10*121071 

9  16 

9*878929 

42 

30 

50 

20 
22 

9*8x5485 

10  24 
1127 

10-184515 

9*9366ix 

10 
11 

43 

47 

10-063389 

10*121125 

10  18 
1120 

9*878875 

40 
38 

10 

30 

30 

9*815558 

10*184442 

9*936738 

10*063262 

IO-I2II80 

9*878820 

51 

24 

9'8x5632 

1229 

XO-X84368 

9-936866 

12 

5' 

10*063134 

10*121234 

1222 

9*878766 

36 

9 

30 

20 

9*815705 

1332 

xo*x84295 

9936994 

13 

55 

10*063006 

10*121289 

1324 

9-878711 

34 

30 

5S 

2ft 

9*815778 

1434 

XO*x8422Z 

9*937121 

14 

(xn 

10*062879 

10*121344 

1425 

9*878656 

32 

8 

30 

30 

9*8x585x 

1536 

xo*  184149 

9*937249 

15 

64 

10*062751 

10-121398 

1527 

9-878602 

30 

30 

53 

32 

9*8x5924 

16  39 

10*184076 

9*937377 

16 

68 

10*062623 

10-121453 

16  29 

9-878547 

28 

7 

30 

34 

98x5996 

1741 

10*184004 

9*937504 

17 

72 

10*062496 

10*121508 

1731 

9*878492 

-26 

30 

54 

36 

9*816069 

I844 

xo*x8393x 

9-937632 

IB 

77 

10*062368 

10*121562 

I833 

9*878438 

24 

6 

30 

38 

9*816142 

1946 

xo*x83858 

9*937759 

19 

8x 

10*062241 

10*121617 

1935 

9*878383 

22 

30 

55 

30 

40 
42 

9-816215 

2049 
21  5x 

xo*x83785 

9*937887 

20 

21 

85 
89 

10*062113 

10*121672 

20  36 

21  38 

9*878328 

20 

18 

5 

30 

9*816288 

10*183712 

9*938015 

10*061985 

10*121727 

9*878273 

56 

4-1 

9*816361 

22  54 

10*183639 

9*938142 

22 

94 

10-06185S 

10*121781 

2240 

9*878219 

16 

4 

30 

40 

9*816434 

2356 

10*183566 

9*938270 

23 

98 

10-061730 

10*121836 

2342 

9*878164 

14 

30 

57 

48 

9*8x6507 

2458 

10*183493 

9*938398 

24 

X02 

:o'o6i6o2 

10*121891 

2444 

9*878109 

12 

3 

30 

50 

9-816579 

25  61 

10*183421 

9*9385^5 

25 

106 

10*061475 

10*121946 

2546 

9-878054 

10 

30 

58 

52 

9-816652 

2663 

xo'183348 

9*938653 

28 

III 

10*061347 

I0*X2200I 

2647 

9*877999 

8 

2 

30 

54 

9*816725 

27  66 

10*183275 

9*938780 

27 

"5 

10*061220 

10*122055 

2749 

9-877945 

C 

30 

59 

56 

9-^^16798 

28  68 

10*183202 

9*938908 

28 

119 

10*061092 

10*122110 

2851 

9877890 

4 

1 

30 

5H 

9*816870 

2970 

10*183130 

9*939035 

29 

123 

10-060965 

10*122165 

2953 

9-877835 

2 

30 

60 
/  // 

«ft 

9*816943 

3073 

10-183057 

9*939163 

30 

128 

10*060837  10*122220 

3055 

9*877780 

0 

0 

/  // 

in. 

Cosine 

Parts 

Secant 

Cotang.      Parts 

Tangent       Cosec. 

Parts 

Sine 

m. 
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0 

/  // 

m. 

u 

Sine 

Parts 

Cosec. 

Tangent 

i^arts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

/  // 
GO 

0 

9-816943 

10-183057 

9-939163 

10-060837 

10' 122220 

9-87'»78o 

16 

3U 

•2 

9*817016 

1"2 

10-182984 

9-939291 

1'' 

4 

10-060709 

10*122275 

1"2 

9-87-,  725 

5S 

30 

1 

4 

9-817088 

2    S 

10*182912 

9-939418 

2 

8 

10*060582 

10-122330 

2   4 

9*877670 

50 

59 

30 

6 

9-817161 

3    7 

10*182839 

9-939546 

3 

'3 

10*060454 

10*122385 

3   5 

9*877615 

54 

30 

2 

8 

9  817233 

4  10 

10*182767 

9939673 

4 

«7 

10*060327 

10*122440 

♦   7 

9*877560 

53 

58 

30 

10 

9*817306 

5  12 

10*182694 

9-939801 

5 

21 

10*060199 

10*122495 

5   9 

9877505 

50 

30 

3 

12 

9-817379 

6  14 

10*182621 

9-939928 

6 

»S 

10-060072 

10*122550 

6x1 

9*877450 

48 

67 

30 

14 

9-817451 

717 

10*182549 

9-940056 

7 

30 

10*059944 

10*122605 

713 

9*877395 

40 

30 

4 

16 

9-817524 

819 

10*182476 

9-940183 

8 

34 

10*059817 

10*122660 

815 

9*877340 

44 

56 

30 

18 

9-817596 

9  22 

10*182404 

9-940311 

9 

38 

10*059689 

10*122715 

9  16 

9*877*85 

42 

30 

5 

20 
22 

9-817668 

10  24 
1127 

10*182332 

9*940439 

10 
11 

4^ 
47 

10*059561 

10*122770 

10  18 

11  20 

9*877230 

40 
38 

55 

30 

30 

9-817741 

10*182259 

9*940566 

10*059434 

10*122825 

9*877175 

6 

24 

9-817813 

1229 

10-182187 

9940694 

12 

5' 

10*059306 

10*122880 

12  22 

9*877120 

30 

54 

30 

20 

9-817886 

1332 

10*182114 

9*940821 

13 

55 

10*059179 

10*122935 

1324 

9*877065 

34 

30 

7 

28 

9-817958 

U34 

10*182042 

9-940949 

14 

59 

10*059051 

10*122990 

1426 

9*877010 

32 

53 

30 

30 

9*818030 

1536 

10*181970 

9*941076 

15 

64 

10*058924 

10*123046 

15  27 

9*876954 

30 

30 

8 

32 

9-818103 

16  39 

10*181897 

9*941204 

16 

68 

10*058796 

10*123101 

1629 

9*876899 

38 

52 

30 

34 

9-818175 

1741 

10*181825 

9-941331 

17 

72 

10*058669 

10*123156 

1731 

9*876844 

2« 

30 

9 

30 

9-818247 

I843 

10*181753 

9-941459 

18 

76 

10*058541 

10*123211 

18  33 

9*876789 

%i 

51 

33 

38 

9-818320 

1946 

10*181680 

9-941586 

19 

81 

10-058414 

10*123266 

1935 

9*876734 

22 

30 

10 

40 
42 

9-818392 

20  48 
2151 

lo*  18 1608 

9-941713 

20 
21 

85 
89 

10*058287 

10*123322 

20  37 

21  38 

9*876678 

20 
18 

50 

30 

30 

9-818464 

10-181536 

9-941841 

10*058159 

10*123377 

9*876623 

11 

44 

9-818536 

22  53 

10*181464 

9-941968 

22 

93 

10-058032 

10*123432 

2240 

9*876568 

10 

49 

30 

40 

9*818609 

2356 

10*181391 

9*942096 

23 

98 

10*057904 

10*123487 

2342 

9*876513 

14 

30 

12 

48 

9-818681 

2458 

10*181319 

9*942223 

24 

102 

10*057777 

10*123543 

2444 

9*876457 

13 

48 

30 

50 

9-818753 

3S6i 

10*181247 

994a35' 

25 

106 

10*057649 

10-123598 

2546 

9*876402 

10 

30 

13 

52 

9-818825 

2663 

10*181175 

9*942478 

26 

110 

10*057522 

10*123653 

2648 

9*876347 

8 

47 

30 

54 

9*818897 

2765 

10*181103 

9*942606 

27 

"5 

10*057394 

10*123709 

2749 

9*8''62ql 
9*8  6236 

« 

39 

14 

50 

9*818969 

28  68 

10*181031 

9-942733 

28 

119 

10-057267 

10*123764 

2851 

4 

46 

30 

58 

9*819041 

2970 

10*180959 

9*942861 

29 

123 

10*057139 

10*123819 

2953 

9*876181 

8 

39 

15 

2 

9-819113 

30  72 

10*180887 

9*942988 

30 

127 

10*057012 

10*123875 

3055 

9*876125 

15 
58 

45 

30 

30 

9-819185 

1    2 

10*180815 

9*943115 

1 

4 

10*056885 

10*123930 

1     2 

9*876070 

16 

4 

9*819257 

2   5 

10*180743 

9*943243 

2 

8 

10*056757 

10*123986 

2   4 

9*876014 

50 

44 

30 

6 

9-819329 

3   7 

10*180671 

9*943370 

3 

»3 

10*056630 

10*124041 

3    6 

9*875959 

54 

30 

17 

8 

9*819401 

4  10 

10*180599 

9-943498 

4 

17 

10*056502 

10*124096 

4    7 

9*875904 

53 

43 

30 

10 

98I9473 

612 

10*180527 

9*943625 

6 

ai 

10*056375 

10*124152 

6    9 

9*875848 

50 

30 

18 

12 

9-819545 

614 

10*180455 

9*943754 

6 

^5 

10*056248 

10*124207 

611 

9*875793 

48 

42 

30 

14 

9-819617 

717 

10*180383 

9*943880 

7 

30 

10*056120 

10*124263 

713 

9*875737 

40 

30 

19 

16 

9-819689 

8  19 

10*180311 

9*944007 

8 

34 

10-055993 

10*124318 

815 

9875682 

44 

4» 

30 

18 

9*819761 

922 

10*180239 

9'944n5 

9 

38 

10*055865 

10*124374 

9  17 

9*875626 

43 

30 

20 

20 
22 

9*819832 

10  24 
1126 

10*180168 

9*944162 

10 
11 

42 
47 

10*055738 

10-124429 

10  19 

11  20 

9*875571 

40 

38 

40 

30 

30 

9-819904 

10*180096 

9*944389 

10-055611 

10*124485 

9*875515 

21 

24 

9*819976 

1229 

10*180024 

9-9445»7 

12 

5» 

10*055483 

10*124541 

12  22 

9*875459 

30 

39 

30 

20 

9*820048 

1331 

10*179952 

9-944644 

13 

55 

10*055356 

10*124596 

1324 

9-875404 

34 

30 

22 

28 

9*820120 

U34 

10*179880 

9*94477 I 

14 

59 

10*055229 

10*124652 

14  26 

9875348 

32 

38 

30 

30 

9*820191 

16  36 

10*179809 

9*944899 

15 

64 

10*055101 

10-124707 

15  28 

9*875293 

30 

30 

23 

32 

9*820263 

16  38 

10*179737 

9*945026 

16 

68 

10*054974 

10*124763 

1630 

9*875237 

28 

37 

30 

34 

9*820335 

1741 

10*179665 

9*945153 

17 

71 

10*054847 

10*124819 

1731 

9*875181 

20 

M 

24 

30 

9*820406 

18  43 

IO-I79594 

9*945281 

18 

76 

10*054719 

10*124874 

1833 

9-875126 

34 

36 

30 

38 

9*820478 

1946 

lo*  179522 

9*945408 

19 

81 

10*054592 

10*124930 

1935 

9*875070 

32 

M 

25 

40 
42 

9*820550 

2048 
21  50 

10-179450 

9*945535 

20 
21 

85 
89 

10-054465 

10*124986 

2037 
2139 

9*875014 

30 

18 

35 

30 

30 

9*820621 

10*179379 

9*945663 

10-054337 

10-125042 

9*874958 

26 

44 

9*820693 

2253 

10*179307 

9*945790 

22 

93 

10-054210 

10-125097 

2241 

9-874903 

A              A 

10 

:t4 

30 

40 

9*820764 

2355 

10-179236 

9*9459»7 

23 

98 

10-054083 

10-125153 

2343 

9*874847 

14 

» 

27 

48 

9*820836 

2457 

10-179164 

9-946045 

24 

102 

10-053955 

10-125209 

2*45 

9-874791 

13 

33 

30 

50 

9*820907 

25  60 

10-179093 

9-946172 

25 

106 

10-053828 

10*125265 

2546 

9*874735 

10 

30 

28 

52 

9*820979 

2662 

10-179021 

9*946299 

26 

no 

10-053701 

10*125320 

2648 

9-874680 

8 

;« 

30 

54 

9*821050 

27  6<; 

10-1789S0 

9946427 

27 

115 

10-053573 

10-125376 

2750 

9-874624 

0 

30 

29 

50 

9*8ZI122 

2867 

10-178878 

9*946554 

28 

119 

10*053446 

10*125432 

2852 

9-874568 

4 

31 

30 

.vs 

9*821193 

2969 

10-178807 

9-946681 

29 

123 

10-053319 

10*125488 

2954 

9*8745'* 

3 

311 

30 

ft6 

9-82126^ 

30  72 

io-178735 

9-946S08 

30 

127 

10-053192 

10-125544 

3056 

9-874456 

0 

/  // 

m. 

%. 

Cosine 

Parts 

Secant 

Cotang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

m. 
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•• 

Sine 
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Cosec. 

Tangent 
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Parts 
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•• 

/  // 

0 

9'S2i26< 
9*821336 

10-178735 

9*946808 

10-053192 

10*125544 

9*874456 

1ft 

30 

80 

s 

1"2 

10*178664 

9*946936 

1" 

4 

10*053064 

10*125600 

1"2 

9*874^00 

58 

30 

31 

4 

9*821407 

2  5 

10-178593 

9*947063 

2 

8 

10*052937 

10*125656 

2  4 

9*874344 

50 

20 

30 

0 

9821479 

»  7 

10-178521 

9-947190 

3 

n 

10052810 

10*125712 

3   6 

9*874288 

54 

30 

32 

H 

9*8ai5^ 
9'8zib2i 

4X0 

10-178450 

9*947318 

4 

17 

10-052682 

10*125768 

4    7 

9874232 

52 

28 

30 

10 

6  12 

10-178379 

9*947445 

5 

21 

10*052555 

10*125823 

6    9 

9874177 

50 

30 

93 

12 

9*821693 

8 14 

10-178307 

9^947  S7i 

6 

*5 

10-052428 

10*125879 

611 

9-874"! 

48 

27 

30 

14 

9*821764 

717 

10-178236 

9-947699 

7 

30 

10-052301 

10*125935 

713 

9*874065 

46 

30 

34 

16 

9*821835 

819 

10-178165 

9-947827 

8 

34 

10*052173 

10*125991 

815 

9-874009 

44 

2G 

30 

18 

9*821906 

921 

10-178094 

9*947954 

9 

38 

10-05204.6 

10*126047 

917 

9873953 

42 

30 

35 

30 
22 

9*821977 

10  24 

11  26 

10-178023 

9-948081 

10 
U 

42 

47 

10*051919 

10-051792 

10*126104 

10  19 
II21 

9-873896 

40 
38 

25 

30 

30 

9*822049 

XO-I77951 

9-948208 

10-126160 

9-873840 

36 

24 

9*822120 

1228 

10-177880 

9*948335 

12 

51 

10-051665 

10*126216 

12  22 

9-873784 

36 

24 

30 

26 

9*822191 

1331 

10*157809 

9*948463 

13 

55 

10-051537 

10*126272 

1324 

9-873728 

34 

30 

37 

28 

9*822262 

1*33 

10*177738 

9*948590 

14 

59 

10*051410 

10-126328 

14  26 

9-873672 

32 

23 

30 

30 

9*822333 

1536 

10-177667 

9*948717 

15 

64 

10*051283 

10*126384 

15  28 

9*873616 

30 

30 

38 

32 

9*822404 

16  38 

10*177596 

9*948844 

16 

68 

10*051156 

10*126440 

1630 

9*873560 

28 

22 

30 

34 

9*822475 

1740 

10*177525 

9*948972 

17 

7* 

10-051028 
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30 

52 

30 

53 

30 

54 

30 

55 


30 

56 

30 

57 
30 

58 

30 

59 

30 

00 


/  // 


0 

2 
4 
0 
8 
10 

12 
M 
10 
18 
20 

22 
U 
26 
28 
30 

32 

36 
38 
40 

42 
41 

46 
48 
50 

52 
54 
56 
58 
5S 

2 

4 

0 

8 

10 

12 
14 
16 
18 
20 

22 

26 
28 
30 

32 

34 
36 
38 
40 

42 
44 

46 
48 
50 

52 

54 
56 
58 


I    *. 


Sine 


837812 
837879 

837945 
838012 

838078 

838145 

8382x1 
838278 
838344 
^38410 
838477 


838543 
838610 

838676 

838742 

838808 

838875 
838941 
839007 
839073 
839140 


839206 
839272 
839338 
839404 
839470 

839536 
839602 
839668 

839734 
839800 


839866 
839932 

839998 
840064 

840130 

840196 
840262 
840328 
840393 
840459 


840525 
840591 
840657 
840722 
840788 

840854 
840919 
840985 
841051 
841 1 16 


841182 
841247 
841313 
841378 
841444 

841509 

841575 
841640 

841706 

841771 


Cosine 


Parts 


r'2 

a  4 

3    7 

*  9 
5ll 

6  13 

715 
817 

920 

O22 

1  24 
227 
329 
431 
533 

635 

737 
840 

942 

2044 

2146 
2248 
2351 
2453 
26  55 

2657 

2760 
2862 
2964 
3066 


1     2 

2  4 

3  7 

*  9 
611 

613 

715 
817 

920 

0  22 

I24 
226 
329 

4  31 

S33 
635 

737 
839 

942 

20  44 

2146 
2248 
2351 
2453 
26  55 

2657 

2759 
28  61 

2964 

30  66 


Parts 


Cosec. 


62188 
62121 
62055 
61988 
61922 
61855 

61789 
61722 
61656 
61590 
61523 


61457 
61390 
61324 
61258 
61192 

61125 
61059 
60993 
60927 
60860 


60794 
60728 
60662 
60596 
60530 

60464 
60398 
60332 
60266 
60200 


60134 
60068 
60002 

59936 
59870 

59804 

59738 
59672 
59607 

59541 


59475 
59409 

59343 
59278 

592x2 

59146 
59081 
59015 
58949 
58884 


58818 

58753 
58687 

iS622 

58556 

5JJ491 
58425 
58360 

58294 

58229 


Secant 


Tangent 


9-977250 
9.977377 

9.977503 

9*977630 
9-977756 
9-977882 

9-978009 

9*978135 
9*978262 

9978388 

9-978515 


9-978641 
9-978768 
9978894 
9*979021 
9*979x47 

9-979174 
9-979400 

9-979527 

9-979653 

9-979780 


9-979906 
9-980033 
9-980159 
9*980286 
9*980412 

9-980538 
9*980665 
9-980791 
9-980918 
9*98x044 


9-981171 
9-981297 
9*981424 
9*981550 
9-981677 

9*981803 
9-981929 
9-982056 
9-982182 
9*982309 


9'98a435 
9*982562 

9-982688 

9*9828x4 

9*982941 

9-983067 
9-983x94 
9-983320 
9*983447 

9-983573 


9-983699 
9*983826 
9-983952 
9*984079 
9*984205 

9-984331 
9-984458 
9-984584 
9*9847x1 
9984837 


2 
3 


6 


8 


20 

21 
22 
23 


Parts 


// 


4 
8 

»3 

"7 
21 


»5 
30 
34 
38 
42 

46 

51 

55 
59 
63 

67 

7» 
76 

80 

84 

89 
93 

97 

24  lOI 

25  105 

26  xxo 

27  114 

28  118 

29  122 

30  126 


4 
8 


1 

2 

3  13 

4  17 

5  21 

6  25 

7  29 

8  34 

9  38 

10  42 

11  46 

12  51 

13  55 

14  59 
16  63 

16  67 

17  7a 

18  76 

19  80 

20  84 

21  88 

22  93 

23  97 

24  101 

25  105 

26  109 

27  114 

28  118 

29  122 

30  126 


Cotang. 


0*022750 
0*022623 
0-022497 
0-022370 
0-022244 

0'022Il8 

0-021991 
0-021865 
0-021738 
0*021612 
0*021485 


0-021359 
0-021232 
0*021106 
0*020979 
0*020853 

0*020726 
0*020600 
0*020473 
0*020347 
0*020220 


0*020094 
0*019967 
0*0X9841 
0*019714 
0-019588 

0-019462 
0-019335 
0-0X9209 
0*0X9082 
0*0x8956 


0*0x8829 
0*018703 
0-0x8576 
0018450 
0-0x8323 

0-018197 
0-018071 
0-017944 
0*017818 
0*017691 


0*017565 
0*017438 
0*017312 
0*0x7x86 
0-017059 

0-016933 
0*016806 
0*016680 
0*016553 
0-016427 


0-016301 
0-0x6174 
0*016048 
0*015921 
0*015795 

0-015668 
0-015542 

o*oi»4i6 
0-015289 
0-015163 


Cotang.  I  Parts  |  Tangent 


Secant 


o- 
o* 
o* 
o* 

0* 

o* 

o* 

o* 
o* 
o* 
o* 


o* 
o- 
o* 
o- 
o- 

o- 
o- 
o- 
o- 
o- 


o- 
o* 

o- 
o* 
o- 

o- 
o- 
o- 
o* 

o* 


o* 
o* 
o* 
o- 
o- 

o- 
o* 
o- 
o* 
o- 


o- 
o- 
o- 
o- 
o- 

o- 
o- 
o- 
o* 
o- 


o* 
o- 
o- 
o* 
o* 

o- 
o- 

o- 
o- 
o- 


39438 
39498 
39558 

39618 
39678 
39738 

39798 

39858 

39918 
39978 

40038 


40098 
40158 
402x9 
40279 

40339 
40399 
40459 

40520 

40580 

40640 


40700 
4076  X 
40821 
40881 
40942 

41002 
41063 

41x23 
4x183 
41244 


41304 
41365 
41425 

41486 

41546 

41607 

41668 

4x728 

41789 
41849 


419x0 

4X97X 

42032 
42092 

41153 

42214 

42274 

4*335 

42396 

4*457 


42518 
42578 
42639 
42700 
42761 

42822 
42883 
42944 

43005 
43066 


Cosec. 


Parts 


1"2 

2  4 

3  6 

4  8 

5  10 

6  12 

714 
816 

9x8 

1020 

1122 
1224 
1326 
1428 
1530 

16  32 

1734 
18  36 

1938 

20  40 

2142 
2244 
2346 
2448 
2550 

2652 

2754 
2856 

2958 

3060 


1    2 

a  4 

3  6 

4  8 

5  10 

612 

714 
816 

9  18 

10  20 

1122 
1224 
1326 
1428 

1530 

16  32 

1734 
18  36 

1938 

20  40 

2142 
2245 
2346 
2448 
2551 

2653 

2755 
28  57 

2959 

3061 


Cosine 


860562 
860502 
860442 
860382 
860322 
S60262 

860202 
860142 
860082 
860022 
859962 


859902 
859842 
859781 
859721 
859661 

859601 

859541 
859480 

859420 

859360 


859300 
859239 
859179 
859x19 
859058 

858998 

858937 
858877 
858817 
858756 


858696 
858635 

858575 
858514 

858454 

858393 
858332 

858272 

858211 

858x51 


858090 
858029 
857968 
857908 
857847 

857786 
857726 
857665 
857604 

857543 


857482 
857422 
857361 
857300 
857239 

857178 

857^7 
857056 

856995 

856934 


Parts 


Sine 


m. 


6 
58 
56 
M 
52 
50 

48 
46 
44 
42 
40 

38 
36 
34 
3t 
30 

28 
26 
24 
22 
20 

18 
16 
14 
12 
10 

8 
6 

4 
2 

s 

58 
56 
54 
52 
50 

48 
46 
44 
42 

40 

38 
36 

34 
32 
30 

28 
26 
24 
22 
20 

18 
16 
14 
12 
10 

8 
6 

2 
0 


/  // 

lo" 

30 

29 

30 
28 

30 

27 
30 
26 

30 

25 

30 

24 

30 

23 

30 

22 

30 

21 

30 

20 

30 

19 

80 

18 

30 

17 
30 

16 

30 
15 

30 

)4 

30 

13 

30 

12 

») 
11 

30 

10 

30 

9 

30 

8 

30 

7 

30 

6 

30 
5 

30 
4 

30 

3 

30 

2 

30 
I 

30 
0 


Dl* 


/// 


S^  4 


ni 


780 


TABLE  68 


LOG.  SINES, 

COSINES,  Slc.                                                        \ 

2h  5(5ni                                                     440 

/  // 

0 

m. 

0 

Sine 

Parts 

Cosec. 

Tangent 

Parts 

Cotang. 

Secant 

Parts 

Cosine 

m. 

• 

/  // 
6(1 

9-84177' 

10*15^8229 

9*984837 

10-015165 

10-143066 

9856934 

30 

2 

9-841837 

1"2 

10-158163 

9*984964 

1' 

'    4 

10*015036 

10-143127 

1"2 

9-S56873 

58 

90 

1 

4 

9*841902 

a  4 

10-158C98 

9-985090 

2 

8 

!0-oi49io 

10*143188 

2   4 

9*856812 

56 

69 

30 

6 

9-841967 

3   7 

ro-158033 

9-985216 

3 

»3 

10*014784 

10*143249 

3    6 

9-856751 

54 

30 

2 

8 

9-842033 

*  9 

10*157967 

9-985343 

4 

17 

10*014657 

10*143310 

4    8 

9-856690 

5-2 

58 

30 

10 

9*842098 

611 

10*157902 

9*985469 

5 

21 

10-014531 

10*143371 

5  10 

9-856629 

50 

30 

3 

12 

9-842163 

613 

10*157837 

9*985596 

6 

^5 

10*014404 

10*143432 

6  12 

9-856568 

48 

57 

30 

14 

9*842229 

715 

10-157771 

9*985722 

7 

29 

10*014278 

10*143493 

714 

9-856507 

46 

30 

4 

10 

9*842294 

8  17 

10-157706 

9-985848 

8 

34 

10*014152 

10*143554 

816 

9856446 

44 

56 

30 

18 

9*842359 

920 

10- 1 5764 1 

9-985975 

9 

38 

10*014025 

10*143616 

9  18 

9-856384 

42 

30 

5 

30 

20 
22 

9*842424 

10  22 
1124 

10-157576 

9*986101 

10 
11 

42 
46 

10-013899 

10-143677 

10  20 

11  22 

9*85632^ 

40 

38 

55 

30 

9*842490 

10*157510 

9*986228 

10*013772 

10-143738 

9*856262 

6 

24 

9'H^SSS 

1226 

10-157445 

9*986354 

12 

5' 

10-013646 

10*143799 

1224 

9-856101 

36 

54 

30 

20 

9*842620 

13  28 

10*157380 

9-986480 

13 

55 

10*013520 

10*143860 

13  27 

9-856140 

34 

30 

7 

2S 

9*842685 

U30 

10*157315 

9*986607 

14 

59 

10-013393 

10-143922 

1429 

9856078 

32 

53 

30 

30 

9*842750 

1533 

10*157250 

9*986733 

15 

63 

10*013267 

10-143983 

1531 

9-856017 

30 

30 

8 

32 

9*842815 

1635 

10*157185 

9-986860 

16 

67 

10*013140 

10*144044 

16  33 

9-855956 

28 

52 

30 

34 

9*842880 

1737 

10-157120 

9-986986 

17 

72 

10*013014 

10-144106 

1735 

9-855895 

26 

30 

9 

36 

9*842946 

18  39 

10-157054 

9-987112 

18 

76 

10*012888 

10-144167 

18  37 

9*855833 

24 

51 

30 

38 

9*843011 

1941 

10*156989 

9*987239 

19 

80 

10*012761 

10-144228 

1939 

9*855772 

22 

30 

10 

30 

40 
42 

9-843076 

2043 
2146 

10-156924 

9*987365 

20 
21 

84 
88 

10*012635 

10-144289 

20  41 
2143 

9-855711 

20 

18 

50 

9*843141 

10-156859 

9*987491 

10012509 

10*144351 

9855649 

11 

44 

9*843206 

2248 

10*156794 

9*987618 

22 

93 

10*012382 

10*144412 

2245 

9-855588 

10 

49 

30 

46 

9*843271 

2350 

10*156729 

9*987744 

23 

97 

10*012256 

10-144474 

2347 

9*855526 

14 

36 

12 

48 

9*843336 

2452 

10*156664 

9*987871 

24 

lOI 

10*012129 

10*144535 

2449 

9*855465 

12 

48 

30 

50 

9-843401 

2554 

10*156599 

9*987997 

25 

105 

10-012003 

10*144596 

2551 

9855404 

10 

30 

13 

52 

9*843466 

2656 

10*156534 

9-988123 

26 

109 

10*011877 

10-144658 

2653 

9*855342 

8 

47 

30 

54 

9-843530 

2759 

10*156470 

9*988250 

27 

114 

10*011750 

10-144719 

2755 

9*855281 

6 

30 

J4* 

14 

56 

9'H3595 

28  61 

10*156405 

9*988376 

28 

118 

10*011624 

10-144781 

2857 

9*855219 

4 

46 

30 

58 

9*843660 

2963 

10-156340 

9*988503 

29 

122 

10*011497 

10*  144842 

2959 

9*855158 

2 

30 

15 
30 

S7 

2 

9-843725 

3065 

10*156275 

9*988629 

30 

126 

10*011371 

10*144904 

3061 

9*855096 

3 
58 

45 

30 

9*843790 

1    2 

10*156210 

9*988755 

I 

4 

10*011245 

10-144965 

1    2 

9*855035 

16 

4 

9843855 

2   4 

10-156145 

9*988882 

2 

8 

10-011118 

10*145027 

2   4 

9*854973 

56 

44 

30 

6 

9*843919 

3    6 

10-156081 

9*989008 

3 

13 

10-010992 

10*145089 

3    6 

9-8549M 

54 

30 

17 

8 

9*843984 

*    9 

10*156016 

9*989134 

4 

17 

10-010866 

10-145150 

4    8 

9*854850 

52 

43 

30 

10 

9-844049 

5  II 

10*155951 

9*989261 

5 

21 

10-010739 

10*145212 

5  10 

9854788 

50 

30 

18 

12 

9-844114 

613 

10*155886 

9*989387 

6 

45 

10*010613 

10-145273 

612 

9*854727 

48 

42 

30 

14 

9-844178 

715 

10*155822 

9*989513 

7 

29 

10*010487 

10-145335 

714 

9*854665 

46 

30 

19 

16 

9-844243 

817 

10*155757 

9*989640 

8 

34 

10*010360 

10-145397 

816 

9*854603 

44 

41 

30 

18 

9*844308 

9  19 

10*155692 

9-989766 

9 

38 

10-010234 

10-145458 

919 

9*854542 

42 

30 

20 

30 

20 
22 

9-844372 

IO21 
1124 

10*155628 

9-989893 

10 
11 

4a 
46 

10-010107 

10*145520 

IO21 
1123 

9*854480 

40 

38 

40 

30 

9*844437 

10*155563 

9*990019 

10-009981 

10*145582 

9-854418 

21 

24 

9*844502 

1226 

10*155498 

9*990145 

12 

51 

10-009855 

10-145644 

1225 

9-854356 

36 

39 

30 

26 

9*844566 

1328 

10-155434 

9*990272 

13 

55 

10*009728 

10*145705 

13  27 

9-854295 

34 

30 

22 

28 

9-844631 

1430 

10-155369 

9*990398 

14 

59 

10*009602 

10-145767 

1429 

9*854233 

32 

38 

30 

30 

9-844696 

1532 

10-155304 

9-990524 

15 

63 

10*009476 

10-145829 

1531 

9-854171 

30 

90 

23 

32 

9*844760 

1634 

10*155240 

9-990651 

16 

67 

10*009349 

10*145891 

16  33 

9-854109 

28 

37 

30 

34 

9-844825 

1737 

10*155175 

9-990777 

17 

72 

10*009223 

10-145953 

1735 

9*854047 

20 

30 

24 

36 

9-844889 

18  39 

10*155111 

9.990903 

18 

76 

10-009097 

10-146014 

18  37 

9-853986 

24 

36 

30 

38 

9-844954 

1941 

10*155046 

9*991030 

19 

80 

10*008970 

10*146076 

1939 

9*853924 

22 

30 

25 

30 

40 
42 

9*845018 

2043 
2145 

10*154982 

9*991156 

20 
21 

84 
88 

10-008844 

10*146138 

9O41 
2143 

9*853862 

20 

18 

35 

30 

9*845083 

10*154917 

9*991283 

10*008717 

10*146200 

9*853800 

26 

44 

9*845147 

2247 

10-154853 

9*991409 

22 

93 

10*008591 

10*146262 

2245 

9-853738 

16 

34 

30 

40 

9*845211 

2349 

10*154789 

9*991535 

23 

97 

10-008465 

10*146324 

2347 

9*853676 

14 

30 

27 

48 

9*845276 

24  52 

10-154724 

9-991662 

24 

lOI 

10*008338 

10*146386 

2449 

9*853614 

12 

33 

30 

50 

9*845340 

2554 

10*154660 

9*991788 

25 

105 

10*008212 

10*1^6448 

2551 

9*85355^ 

10 

30 

28 

52 

9*845405 

2656 

10-I545Q5 

9*991914 

26 

109 

10*008086 

10*146510 

2654 

9*  85  3490 

8 

32 

30 

54 

9*845469 

2758 

10*154531 

9-992041 

27 

114 

10*007959 

10-146572 

2756 

9-853428 

0 

30 

29 

56 

9*845533 

28  60 

10*154467 

9-992167 

28 

118 

10-007833 

10-146634 

2858 

9*853366 

4 

31 

30 

5** 

9-845598 

2962 

10-154402 

9-992293 

29 

122 

10*007707 

10*146696 

2960 

9853304 

2 

30 

30 

5S 

m. 

ft. 

9*845662 

3064 

10*154338 

9-992420 

30 

126 

10*007580 

10-146758 

3062 

9*853242 

0 

30 

,  // 

Cosine 

Parts 

Secant 

Cocang. 

Parts 

Tangent 

Cosec. 

Parts 

Sine 

m. 

/  // 

45°                                                       S" 

2" 

1 

TABLE  68 


781 


LOG.  SINES, 

COSINES,  &c.                                                         1 
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79*49 
79*89 


79329 

79369 
79409 

79449 

79489 

795*9 
79568 

79608 

79648 

79688 


79728 

79767 
79807 

79847 
79886 

79926 

79966 

80005 

80045 

80085 


80124 
80164 
80203 
80243 
80282 
80322 
80361 
80401 
80440 
80480 


80519 
80558 
80598 
80637 
80677 
80716 

80755 
80794 
80834 

80873 


16' 


0^37' 


7* 
81303 

81342 

81382 

81421 

81459 
81498 

81537 
81576 

81615 

81654 


81693 
81732 
81771 
81810 
81848 
81887 
81926 
81965 
82003 
82042 


82081 
82119 
82158 
82197 
82235 
82274 
82313 
82351 
82390 
82428 


82467 
82505 

8*544 
82582 
82621 
81659 
82698 
82736 

82774 
82813 


78526 
78567 
78607 
78647 
78688 
78728 
78768 
78808 
78848 
78889 


82851 
82889 
82928 
82966 
83004 
83043 
83081 
83119 

83'57 
83196 


SO' 


0»»38» 


83615 

83653 
83691 

837*9 
83767 

83804 

83842 

83880 

83918 

8395^ 


83994 
84032 

84070 

84107 

84145 
84183 

84221 

84258 

84296 

84334 


84372 
84409 

84447 
84484 

84522 

84560 

84597 
84635 

84672 

84710 


46' 


0*3»» 


7' 
85866 

85903 

85940 

85977 
86014 

86050 

86087 

86124 

86161 

86198 


86235 
86272 
86309 
86346 
86382 
86419 
86456 

86493 
86530 

86566 


86603 
86640 
86676 

86713 
86750 

86786 

86823 

86860 

86896 

86933 


84747 
84785 
84822 
84860 
84897 

84935 
84972 

85010 

85047 

85084 


85122 
85159 
85196 
85234 
85271 
85308 
85346 
85383 
85420 

85457 


86969 
87C06 
87042 
87079 
87115 
87152 
87188 
87225 
87161 
87298 


87334 

87371 

87407 

87445 
87480 

87516 

8755* 
87589 
87625 

87661 


Sec  V  r  y 

D.  44  Parts  369 
D.  33  Parts  247 


80912  83234  85494  87697)89846  91941  93987 

80951  83272  85532  87734  89881  91976  94011 

80991  83310  85569  87770  89916  92010  94055 

81030  83348  85606  87806  89952  92045  94088 

81069  83386  85643  87842  89987  92079  94122 

81108  83424  85680  87878  90022  92114  94156 

81147  83462  85717  87915  90057  92148  94189 

81186  83501  85754  87951  90093  92183  942*3 

81225  83539  85791  87987  90128  92217  94257 

81264  83577  85829  88023  90163  92251  94290 

4'  6'  &  r   3'  9'  10'  11'  12*  13*  14'  16' 

u  14  17  ao  23  26  29  32  34  37  40  43 
9  II  13  15  18  20  22  24  26  29  31  33 


10** 


0>»40» 


r 
88059 

88095 
88131 
88167 
88203 
88239 
88276 
88312 
88348 
88383 


88419 
88455 

8849  X 

88527 
88563 

88J99 
88635 

88671 

88707 

88742 


88778 
88814 
88850 
88885 
88921 
88957 
88993 
89028 
89064 
89100 


89135 

89171 
89207 

89242 

89278 

89314 

89349 

89385 

89420 

89456 


89491 
89527 
89562 

89598 
89633 

89668 

89704 
89740 

89775 
89810 


16'    SO' 


0^41- 


r 
90198 

90*34 
90269 

90304 

90339 
90374 
90409 

90445 
90480 

50515 


90550 

90585 
90620 

90655 

90690 

90725 
90760 

90795 
90830 

90865 


90900 

90935 
90970 

005 

039 

074 
109 

144 

179 
214 


248 
283 

318 

387 
422 

457 
492 

526 

561 


596 
630 
665 
699 

734 
769 

803 

838 

872 

907 


0^42" 


r 
92286 

92320 

9*354 
92389 

9*4*3 
9*457 
92492 

92526 
92560 

9*595 


92629 
92663 
92697 
92731 
92766 
92800 
92834 
92868 
92902 
92936 


92970 
93005 
93039 
93073 
93107 
93141 

93175 
93209 

93*43 
93*77 


933" 
93345 
93379 
934»3 
93447 
93480 

935'4 
93548 

9358* 
93616 


93650 
93*84 
93717 
93751 
93785 
93819 

93852 
93886 

939*0 
93954 


46^ 


0*>4S- 


r 

943H 
94357 
9439* 
944H 


94458 
9449" 
945*5 
94558 

9459* 
94025 


94659 
94692 

94726 

94759 

9479* 
94826 

94859 
94892 

94926 
9495* 


9499* 
95026 

95059 
95092 

95126 

95159 
95192 

95**5 
95*59 
9529* 


953*5 
95358 

9539* 
954*4 
95458 
9549  » 
955*4 
95557 
95590 
956*3 


95656 

95689 
95722 

95755 
95788 

95821 

95854 
95887 
95920 

95953 


95986 
96019 
96052 
96085 
96118 
96150 
96183 
96216 
96249 
96282 


0 
1 
3 
3 
4 
6 
6 

7 
8 

9 


10 
11 
19 
13 
14 
16 
16 

17 
18 

19 


20 

21 
22 
23 
24 
25 
26 

27 
28 

29 


30 
31 


33 
34 
36 
36 

37 
38 

39 


40 

4] 
42 
43 
44 
46 
46 

47 
48 

49 


60 
61 
59 
63 
64 
66 
56 

67 
68 

69 


3  B 


im 


TABLE  09 


UHi.  SINE  8QUAUK 


0 


// 


2 


0 
15 
30 
45 

0 
15 
30 
45 

0 
15 


II 


12 


oo 


0' 


0''44» 


7'9 
63146 

6j474 
63801 

64129 

64457 
64784 

65111 

65439 
65766 

66093 


15' 

0»»  4fi«» 


'981604 
'982925 
-983245 
•983565 
'983886 
'984206 
'984526 
'984846 
'985166 

r 985435 


30" 
0**  4^tt 


0**47"* 


8-c 

oi63it 

01945 

02259 

02572 

02886 

03199 

03512 

03825 

04137 

04450 


So 

20248 

20555 

20862 

21168 

21475 
21781 
22087 
22394 
22700 
23006 


0' 


0>'4««' 


80 
38469 
38770 
39070 

39370 
39670 

39970 
40270 
40570 
40870 
41169 


TFT£'' 


45' 


0l*49"  0l*50'"  Oi»  51*" 


80 
56312 
56606 
56900 

57194. 

574S8 

57784 
58076 

58370 

58663 

58957 


80 

7379* 
74080 

74368 
74656 

74944 
75232 

755*0 
75808 
76095 
76383 


090922 
09 1205 
091487 
091770 
092052 
092334 
092617 
092899 
093181 
093463 


13° 


w 


0»'ft2- 


8-1 

07717 

07995 
08272 

08549 

08826 

09102 

09379 

09655 
09932 

0209 


\^ 


0^53* 


8-1 

24190 

24462 

44734 
25006 

25277 

»5549 
25820 

2609  X 

26303 

26634. 


30; 
11^54* 


40352 
40619 
40886 

4>"54 
41419 

41685 
41952 

42218 

42484 

4*750 


I 
S 
3 

4 

5 

i 
8 
9 


SO 
45 

3  0 
15 
30 
46 

4  0 
15 
30 
46 


66420 
66746 

67073 

67399 

67726 

68052 
68378 
6S704 
69030 

69355 


•985805 
'9&6124 
•986443 
'986762 
'987082 
'987400 
•987719 
'988038 

•988357 
'988675 


04763 

05075 
05388 

05700 

06012 

06324 

06636 

06947 
07259 

07571 


5  0 
15 
30 
45 

6  0 
16 
30 
46 

7  0 
15 


69681 
70006 
70332 

70657 

70982 

71307 

71632 

719561 

72281 

72606 


30 
45 

8  0 
16 
30 
46 

0  0 
16 
30 
45 


72930 

73454 

73578 
73902 

74226 
74550 
74873 
75^97 
755*0 
75844 


•988994 
'989312 
'989630 
'989948 
'990266 

•990583 
•990901 

'991219 

•991536 

•991853 


07882 
08193 
0850  c 
08816 
09127 
09438 

09748 
0059 

0370 
0680 


il>  0 
16 
30 
45 

11  0 
16 
30 
46 

12  0 
16 


76167 

76490 
76813 

77135 

77458 
77780 
78103 

784*5 

78747 
79069 


30 
45 

13  0 
15 
80 
45 

U  0 
16 
30 
45 


79391 

79713 
80035 
80356 
80678 
80999 
81320 
81641 
81962 
82283 


'992171 

•992488 

•992805 

•993121] 

•993438 

•993755 
•994071 

•994387 

.994704 

•995020 


•995336 

•#9565* 
•995968 
•996283 

-996599 
'996914 

•997*30 

•997545 
•997860 

•998175 


'998490 
'998804 
•999119 

•999433 

•999748 
8*000062 
8*000376 
8*000690 
8*001004 
8^001318 


23312 
23617 

43943 
24229 

44534 

44839 
25145 

25450 

*5755 
26060 


41469 
41768 
42067 

4*367 
42666 

42965 

43264 

43562 

43861 

44159 


59*50 

59543 
59836 
60129 

60422 
60715 
61008 
61301 

61593 
61886 


76670 
76958 
77*45 

7753* 
77819 
78106 

78393 
78680 

78967 
79453 


093744 
094026 

094308 

o945«9 

094871 

09515* 

095433 
095714 

095995 
096276 


0485 
0761 
1037 

1314 
1590 
1865 

2 141 
2417 
2693 
2968 


26905 

27176 

*7447 
27718 

27989 

28259 

28530 

28800 

29071 

29341 


43c  1 6 
43282 

43557 
43814 
44080 

44345 
44611 
44876 
45>4i 
45407 


26365 
26669 
26974 
27278 
27583 
27887 
28191 
28495 
28799 
29103 


44458 

44756 

45055 

45353 

4565  » 

45949 
46247 

46544 
46842 

47139 


62178 
62470 
62763 
63055 

63347 
63638 

63930 

64222 

645^3 
64805 


79540 
79826 
80113 

80399 
80685 

80971 

81257 

81543 
81828 

82114 


096557 
096838 
097119 

097399 
097680 

097960 

098241 

098521 

098801 

099081 


3*44 

3519 

3794 
4069 

4345 
4620 

4895 
5169 

5444 

57«9 


296 1  z 
29882 
0152 
0422 
0692 
0961 
1231 
1501 
1770 
2040 


0990 
1300 
1611 
1920 
2230 

2J40 

2850 

3  "59 
3469 

3778 


14087 
4396 

4705 
5014 

53*3 
5631 

594« 
6248 

6557 
6865 


7"73 
7481 

7789 
8097 

8404 
8712 

9019 

93*6 

^634 
9941 


29407 
29710 
30014 

30317 
30621 

309*4 
31127 

31530 
3"33 
3*»35 


47437 

47734 
48031 

48328 

48626 

48922 

49219 

49516 

49813 
50109 


65096 

65679 
65970 

66261 

66551 

66842 

67133 
67424 

67714 


3*438 
32741 

33043 
33345 
3364^ 
33950 
34*5* 

34554 
34856 

35'57 


50405 

50702 

50998 

51*94 
51500 

51886 

52182 

5*477 

5*773 
53068 


68004 
68295 
68J85 
68875 
69165 

69455 

69745 

70034 
70124 

70613 


)5459 
35760 
36062 

36363 
36664 

36965 
37266 

37567 
37868 
38169 


53364 

53659 

53954 

54*49 

54544 

54839 

55»34 
55428 

557*3 
56018 


70903 
71192 
71481 
71770 
72059 

7*348 

7*637 
72926 

73*15 
73503 


82400 
82685 
82970 
83256 

83541 
83826 

84111 

84396 
84681 

84965 


85250 

85534 
85819 

86103 

86387 

86671 

86956 

87*39 

875*3 
87807 


D.  324. 
D.  264. 


8«B,    V  r  y 

Parts  22  43  65 
Parts  18  35  53 


88091 

88374 
88658 

88941 

89224 

89508 

89791 

90074 

90357 
90639 


099361 
099641 
099921 
00200 
00480 
00759 
01039 
01318 

01597 
01876 


5993 
6268 

6542 

68«7 

7091 

7365 

7639 

79»3 
8187 

8461 


2309 

*579 
2848 

3117 
3386 

3655 
39*4 
4193 
34461 
4730 


02156 

0*434 
02713 
02992 
0327] 

03549 
03828 

04106 

04385 
04663 


8734 
9008 

9281 

9555 
9818 

20102 

20375 

20648 

20921 

*"94 


04941 
05219 

05497 

05775 
06053 

06330 

06608 

06885 

07163 

07441 


4'  5'  6*  7'  e* 

86  108  130  151  173 
70  88  106  123  14] 


21467 

41739 
22012 

211S5 

22557 
22829 
23102 

*3373 
23645 

23918 


45674 
45937 
46203 

46468 
46732 

46997 
47262 

475*7 

4779' 
48056 


48320 

48585 

48849 
49113 

49377 

49641 

49905 
50169 

50433 
50696 


34999 

5*67 

5535 
5804 

6072 

6340 

6608 

6876 

7144 
7412 


50960 
51223 

51487 
51750 
52013 

5**77 
52540 

52803 

53066 

533*8 


7679 
7947 
8215 
8482 

8750 
9017 

9*84 

955' 

9818 

40085 


5359' 
53854 
54»»7 

54379 
54642 

54904 
55166 

554*9 
55691 

55953 


9'   10*  ir 

194  216  238 
158  176  194 


\r  \y 

259  281 
211  229 


14'    15' 

302  324 
246  264 


10 
II 
U 
13 
14 
Ih 
Ifi 

17 
18 
111 


20 
21 
22 
Zi 
•24 
25 
2f> 

27 

2H 

30 
31 
32 
33 
34 
35 
36 

37 
.18 

mi 

40 
41 
42 
43 
44 
4.1 
4B 

47 

48 
40 


HO 
51 
62 
53 
64 
65 
60 

67 
53 
60 


TABLE  69 

7W 

■'■"■                                              " — '■   ■     '   '"-      — 1 

LOO.  SIN£  dQUARS                       | 

13° 

14° 

15° 

,  16° 

8. 

46' 

O'    16' 

90^ 

46' 

0' 

16' 

90' 

46' 

0' 

W 

0*66- 

q*6«- 

0*67" 

0*'68»  0*69'» 

IhO" 

1M« 

1»»2- 

IhSpD 

lb  4. 

lh5« 

n 

81 

81 

8- 

8-2 

8-2 

8-2 

8-2 

8-2 

8-2 

8- 

8-3 

0  0 

56215 

71788 

187085 

02XX2 

16879 

3 '395 
3x635 

45669 

59708 

73519 

287111 

00488 

0 

15 

56477 

72046 

'87337 

02360 

17123 

45905 

59940 

73748 

*87335 

00710 

I 

SO 

56738 

72303 

187590 

02608 

17367 
1761 X 

31875 

46141 

60172 

73976 

287560 

0093  X 

2 

4« 

57000 

72J60 
728x7 

18784a 

02856 

32115 

46376 

606  3^ 

74*04 

287784 

0x152 

9 

1  0 

57262 

188095 

03X04 

17854 

3»354 

46612 

74660 

288009 

01373 

4 

16 

575H 

73074 

188347 

03352 

I8098 

3*594 

46848 

60867 

288233 

01594 

6 

90 

^VH 

733|« 

188599 

03600 

X8342 

3*833 

47083 

6x099 

74888 

288458 

01815 

6 

46 

58046 

735W 

18885 I 

03848 

18585 

33073 

473'9 

6x331 

75116 

288682 

02035 
02256 

7 

8  0 

58308 

73«44 

289 104 

04095 

18829 

333" 

47554 

6x562 

75344 

288906 

8 

16 

5856? 

74101 

189356 

04343 

19072 

3355* 

47790 

6x794 

7557* 

289131 

02477 

9 

90 

58830 

74357 

189608 

04591 

19316 

33791 

48025 

62025 

75800 
76027 

*89355 

02698 

10 

46 

59091 

74614 

189859 

04838 

"9559 

34030 

48260 

62257 

289579 

02918 

U 

9  0 

5935* 
59613 

74870 

190111 

05086  \  19802 

34269 
34508 

48495 

62488 

76255 

289803 

03139 

12 

16 

75126 

»90|63 

05333 

20045 

48730 

627x9 

76483 

290027 

03359 

19 

90 

59«74 

7538a 

190866 

05580 

20288 

34747 

48965 

6295  X 

76710 

290251 

03580 

14 

46 

60396 

75639 

05827 

20531 

H9«6 

49200 

63182 

76938 
77165 

*90475 
290699 

03800 

16 

4  0 

75895 

191118 

06074 

20774 

35225 

49435 

634'3 

04021 

16 

16 

60656 

76150 

191369 

06322 

21017 

35464 

49670 

63643 

7739* 

290922 

04241 

17 

90 

60917 

76406 

19x620 

06569 

21263 

35703 

49905 

63875 

77620 

291x46 

04461 

18 

46^ 

61177 

76662 

19 1872 

06816 

2x503 

35?4' 

50140 ;  64106 

77847 

29x370 

04681 

19 

6  0 

61438 

76918 

192 123 

07062 

a»745 

36180 

50374 
50609 

64337 

78074 

291593 

04901 

20 

16 

61698 

77x74 

»9»374 

07309 

21988 

35*'! 

64567 

78301 

291817 

05121 

21 

90 

61958 

774*9 

192625 

07556 

22230 

36656 

50843 

64798 

78528 

292040 

05341 

22 

46 

62218 

77685 

192876 

07803 

22473 

36895 

51078 

65029 

78755 

292264 

05561 

29 

6  0 

62478 

77940 

193127 

08049 

22715 

37«33 

5'3ia 

65*59 

78982 

292487 

05781 

24 

16 

62738 

78195 

193378 

08296 

22957 

3737* 

5 '547 

65490 

79209 

292710 

0600 1 

26 

90 

62998 

7845' 

193629 

08542 

23200 

376x0 

51781 .  65720 

79436 

292933 

0622  X 

26 

46 

63258 

78706 

193879 

08788 

23442 

37848 

52015 

65951 

79662 

293157 

06440 

27 

7  0 

63518 

78961 

194x30 

09035 

23684 

38086 

52249 

66x8x 

79889 

293380 

06660 

28 

16 

63778 

79216 

194381 

0928  X 

23926 

38324 

52483 

66411 

80116 

293603 

06880 

29 

90 

64037 

79471 

194631 

09527 

24x68 

38562  527x7 

66642 

80342 

293826 

07099 

90 

46 

64297 

79726 

194881 

09773 

M410 
24652 

38800  52951 166872 

80569 

294049 

07319 

91 

8  0 

64556 

79981 

195132 

IOOI9 

39038  53185  6'»X02 

80795 

294272 

07538 

92 

16 

64816 

80235 

195382  10265 

H893 

39*75 

53419 

6733* 

8x021 

*94494 

07757 

93 

90 

65075 

80490 

195632 

10511 

*5i35 

395'3 

53653 

6755* 

8x248 

194717 

07977 

94 

46 

65334 

80745 

195882 
196132 

X0757 

25377 

3975' 

53886 

67792 

81474 

294940 

08x96 

96 

9  0 

65593 

80999 

11003 

25618 

39988 

54120 

68022 

81700 

295162 

08415 

96 

16 

65852 

81254 

196382 

11248 

25860 

40226 

54354 

68251 

81926 

295385 

08634 

97 

30 

66111 

81508 

196632 

11494 

2610X 

40463 

54587 

6848  X 

82x52 

295608 

08853 

98 

46 

66370 

81762 

196882 

11739 

26343 

40700 

54820 

68711 

8*378 

295830  090721 

99 

10  0 

66629 

82016 

197132 

11985 

26584 

40938 

55054 

68940  82604 1 

296052 

09291 

40 

16 

66888 

82260 

197382 

12230 

26825 

4"75 

55287 

69170 

82830 

296275 

09510 

41 

90 

67x46 

82525 

197631 

IH75 

27066 

41412 

555*0 

69399 

83056 

296497 

09729 

42 

46 

67405 

82778 

197881 

12721 

27307 

41649 

55754 

69629 

83282 

296719 

09948 

49 

11  0 

67663 

83032 

198130 

12966 

^754^ 

41886 

55987 

69858 

83507 

296941 

10x67 

44 

16 

67922 

83286 

198380 

13211 

27789 

42123 

56220 

70087 

83733 

297164 

10385 

46 

30 

68180 

83540 

198620 
198878 

13456 

28030 

4*360 

56453 
56686 

70317 

83959 

297386 

X0604 

46 

46 

68439 

83794 

13701 

2827X 

4*597 

70546 

84x84 

297608 

X0823 

47 

12  0 

68697 

84047 

199127 

13946 

28512 

4*833 

56919 

70775 

844x0 

297830 

X104X 

48 

16 

68955 

84301 

199376 

14191 

28752 

43070 

57'5' 

7x004 

84635 

298051 

1x260 

49 

30 

69213 

84554 
84807 

199625 

'4435 

28993 

43307 

57384 

7 1*34 

84860 

298273 

11478 

60 

46 

69471 

199874 

14680 

29234 

43543 

57617 

7x462 

85086 

298495 

11696 

61 

19  0 

69729 

85061 

200123 

14925 

29474 

43780 

57849 

7169X 

853x1 

298717 

11915 

62 

16 

69986 

853H 

200372 

15169 

297x4 

44016 

58082 

7x919 

85536 

298938 

1*133 

69 

30 

70244 

85567 

200621 

1 5414 

»99S5 

44252 

58314 

72148 

85761 

299x60 

12351 

64 

45 

70502 

85819 

200869 

15658 

30195 

44489 

58547 

72377 

85986 

29938X 

1*569 

66 

14  0 

70759 

86070 

20x118 

15902 

30435 

447*5 

58779 

72606 

862x1 

299603 

1*787 

66 

16 

71017 

86326 

201366 

16147 

30675 

44961 

59011 

72834 

86436 

299824 

13005 

67 

90 

71274 

86579 

201615 

1639X 

30915 

45 '97 

59*44 

73063 

86661 

300046 

13**3 

68 

46  7153»I 

86832 

201863 

16635 

3"55 

45433 

59476 

73*91 

86886 

300267 

13441 

69 
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TABLE  61 


LOO.  SINE  SQUABB                       | 

16° 

170 

18° 

19° 

•. 

30^ 

46' 

0* 

15' 

30 

4,y 

or 

15' 

SO' 

49' 

or 

lh6» 

Ih  7« 

1«»8«° 

(b9» 

1"»10" 

IMI" 

|hl3» 

1*14- 

1M5'" 

\^\p^ 

0  0 
15 
30 
45 

1  0 
15 
30 

'  45 

2  0 
15 

13659 

13877 
14095 

14312 
14530 

14748 
14965 
15182 
154x50 
15617 

8-3 
26629 

26844 

27058 

27272 

27487 
27701 
27915 
28129 

28344 
28558 

8-3 

39404 

39615 

39827 

40038 

40249 

40460 

4067  X 

40882 

4x093 

41304 

8-3 

51990 

52198 

52406 

52614 

52822 

53030 

53*38 

53446 

53654 
53862 

64392 

64597 
64802 

65007 

65212 

65417 
65632 

06032 
66237 

8-3 
76615 

76817 

77020 

77222 

774*4 
77626 

77828 

78030 

78232 

78434 

8- 

388665 
388864 

389064 
389263 
389462 
389661 
389860 

390059 

390*59 
390458 

00546 

00742 
C0939 

01135 
0x332 

01528 

01724 

01921 

02x17 

0*313 

X2262 

IH56 
12650 

1*843 
13037 
1323X 

'34*5 
X3618 

X38X2 

14005 

8-4 
238x8 

24009 

24201 

*439* 

H583 

*4774 
2496J 

25156 

*5347 
*5538 

8-4 
35218 

35407 

35596 

35784 

35973 
36161 

36350 

36538 

367*7 
36915 

• 
I 

2 
3 
4 
5 
6 

7 
8 

30 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
45 

15835 
16052 

16269 

16486 

16703 
16920 
17137 

«7354 
17571 

17788 

28772 
28986 
29200 
29413 
29627 
29841 
30055 
30268 
30482 
30695 

41515 
4x726 

41936 
42147 

4*358 
42568 

4*779 

42989 
43200 

43410 

54070 
54*77 

54485 
54692 

54900 

55107 

55315 

555** 

55730 
55937 

66441 
66646 
66851 
67055 
67260 
67464 
67669 

67873 
68077 

68282 

78635 

78837 

79039 
79241 

7944* 

79644 

79845 
80047 

80248 

80450 

390657 

390855 
391054 

391253 

39145* 

391651 
391849 

39*048 

39**47 
39*445 

02510 
02706 
02902 
03098 
03294 
03490 
03686 
03882 
04077 

04*73 

14199 
X4392 

14586 

14779 
1497a 
15166 

'5359 
155s* 
15745 
15938 

25729 
25920 
26x10 
26301 
26492 
26683 

26873 
27064 

27254 
*7445 

37104 
37292 
37480 
37668 

37857 

38045 

38*33 
38421 

38609 
38797 

10 
11 
12 
13 
14 
15 
16 

17 
18 
19 

5  0 
15 
30 
45 

6  0 
15 
30 
45 

7  0 

15 

18004 
18221 
18438 
18654 
18871 
19087 
19304 
19520 
19736 

"9953 

30909 
31122 

31336 

3 '549 
31762 

3'975 
32189 

32402 

3*615 

32828 

43620 
43830 
44041 
44251 

44461 
44671 

44881 

45091 

45301 

455" 

56144 

56765 
56973 

57179 
57386 

57593 
57800 

58007 

68486 
68690 
68894 
69098 
69302 
69506 
69710 
69914 
70118 
70322 

80651 
80852 
81053 
81255 
81456 
81657 
81858 
82059 
82260 
82461 

392644 
39284a 
393040 

393*39 

393437 

393635 

393834 
394032 

394230 
3944*8 

04469 
04665 
04860 
05056 
05252 

05447 
05643 

05838 

06033 

06229 

16131 
16324 
16518 
16710 
16903 
17096 
17289 
X7482 

17674 
17867 

27635 
27826 
280x6 
28206 

28397 

28587 

*8777 
28967 

*9i57 
*9347 

38985 

39 '73 
39360 

39548 

39736 

399*4 
401x1 

40299 

40486 

40674 

20 
21 
22 
23 
24 
25 
26 

27 
28 
29 

30 
45 

8  0 
15 
30 
45 

9  0 
16 
30 
45 

20169 
10385 
20601 
20817 
21033 
2x249 

21465 
21681 
21896 
22x12 

3304' 

33466 
33679 
33892 

34'05 
34317 
34530 
3474a 
34955 

45720 

45930 
46140 

46349 

46559 
46768 

46978 

47187 

47606 

58214 
58420 
58627 

58833 
59040 

59*46 

59453 

59659 
59866 

60072 

70526 
70729 
70933 

71137 
7x340 

71544 

71747 
71950 

7*154 
7*357 

82661 
82862 
83063 
83264 

83464 
83665 

83866 

84066 

84267 

84467 

394626 

3948*4 
395022 

395**0 
395418 
395615 
395813 
396011 
396209 
396406 

06424 
06619 
06814 
07009 
07205 
07400 

07595 
07790 

07985 

08179 

18060 
18252 

18637 
X8830 

19022 

19*14 
19407 

19599 
19791 

*9537 
29727 

299x7 
30x07 

30*97 
30487 

30677 
30866 

31056 
31*4^ 

40862 

41049 
41236 

414*4 
4]6ix 

41798 
41986 

4*173 
4*360 

4*547 

30 
31 
32 
33 
34 
35 
36 

S7 

38 
39 

10  0 
15 
30 
45 

11  0 
15 
SO 
45 

18  0 
15 

22328 

i»543 
22759 

22974 

23190 

»3f>$ 
23620 

23836 

24051 

24266 

35167 

35379 
3559* 

36016 
36228 
36440 
36652 
36864 
37076 

478x5 
48025 

48134 

484^3 
48652 

4886X 

49070 

49279 

49696 

60278 
60^84 
60690 
60896 
6x102 
61308 
6x514 
61720 
61926 
62132 

72560 

7*764 
72967 

73x70 

73373 
73576 

73779 
7398* 
74185 
74387 

84667 
84868 
85068 
85268 
85468 
85668 
85869 
80069 
86269 
86469 

396604 
396801 

396999 

397196 

397394 

397591 
397788 

397985 
398x83 

398380 

08374 
08569 

08764 

08959 

09153 
09348 
09542 

09737 
09931 

10126 

19983 
20176 
20368 
20560 
20752 
20944 
21136 
21328 
2x5x9 
2x711 

31435 

316*5 

31814 
32004 

32193 

3*383 
32572 

32761 

32951 

33140 

4*734 
42921 

43108 
43*95 

43669 

43856 

44043 
44229 

44416 

40 
41 
49 
43 
44 
45 
46 

47 
48 
49 

SO 
45 

IS  0 
15 
30 
45 

14  0 
15 
SO 
45 

2448  X 
24696 

H9" 
25126 

»534l 
*5556 
25771 

25985 
2620Q 

^641 5 

37288 

37500 
377'* 
379H 
38135 
38347 
38558 
38770 
3898X 

39193 

49905 
50114 

50323 

50531 
50740 

50948 

5"5U 

51365 

51573 
51782 

6*338 

6*543 
62749 

63x60 
63365 

63571 

63776 
63981 
64187 

74590 
74793 
74996 
75198 
75401 
75603 
75806 
76008 
76211 

76413 

86668 
86868 
87068 
87268 
87468 
87667 

87867 
88066 
88266 
88465 

398577 
398774 
398971 
399168 

399365 
399562 

399759 
399955 
400152 

400349 

10320 
10515 
10709 
X0963 
X1097 
1x292 
X1486 
X1680 

11874 
X2o68 

2x903 
22095 
22286 
22478 
22669 
2286X 
23053 
23244 

*5435 
23627 

333*9 
335'8 
33707 
33896 
34085 

34*74 

34463 
34652 

34841 
35030 

44603 

44789 
44976 
45x62 

45349 
45535 
457** 
45908 
46095 
46281 

60 
61 
62 
63 
64 
66 
56 

67 
68 

69 

Sec.  V   2'  3'  4'  5'  6*  T     8'  9'  10'  IT  18*  T3'  14'  15' 
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TABLE  69 


789 


LOG.  SINK  SJQUARK 


/  f 


0  0 
15 
30 
4ft 

1  0 

u 

30 

45 

3  0 

15 


»0 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
4ri 


5  0 
15. 
30 
45 

«  0 
15 
30 
45 

7  0 

15 


30 
45 

8  0 
15 
30 
45 

9  0 
15 
SO 
45 


10  0 
15 
SO 
45 

11  0 
15 
30 
45 

13  0 
15 


30 
45 

13  0 
15 
SO 
45 

14  0 
15 
SO 
45 


19 


o 


15'  I  30' 


1>»I7* 


8> 

46467 

46653 

46839 

47026 

47111 

4739« 
475«4 

47770 

47P$6 
4814a 


♦83a7 
48513 

48699 

4;»85 

49070 

49256 

4944* 
49627 

49813 
4999> 


11"  18" 


8-4 

57S« 

5775* 

57935 
58119 

58303 
584S6 

58670 

58«53 
59037 
59220 


59404 
595«7 

59771 

59954 
60137 

60320 

60504 

60687 

60870 

6x053 


50184 
50369 

50554 
50740 

50915 
51110 

51295 

51480 
51666 
51851 


52036 
52221 
52406 
52591 

5*775 
50960 

53H5 
533JO 
535*5 
53699 


53834 
54068 

54*53 
54437 
54622 
54806 

5499' 
55«75 
55359 
55544 


61236 
6x419 
6x602 
61785 
61968 
62150 
62333 
62516 
62699 
62881 


^3064 

63247 
63429 
63612 

^3794 
63976 

64160 

6434X 

€4524 

64706 


557*8 
5591a 

56096 

56280 

56464 

5664S 
56832 
57016 
57*00 

$7384 


64888 
65070 
65252 

65434 
65617 

65799 

65981 

66162 

66344 

66516 


66708 
66890 

67072 
67253 

67435 
67617 

67798 

67980 

68161 

68343 


45' 


l^\t 


m 


8-4 

68  5H 
68706 

68]s87 
69068 
69250 

69431 
69612 

69793 

69975 
70156 


70337 
70518 
70699 
70880 
7x061 
71241 
71422 
71603 

7x784 
71964 


7*»45 
72326 

72506 

70687 

72868 

73048 

73228 

73409 

73589 
73769 


73950 
74130 

74310 
74490 

74671 
74851 

7503" 
7521X 

75391 
75571 


7575» 

75930 
761 10 

76290 

76470 

76649 

76829 

77009 

77188 

77368 


1 


D.185. 
D.  164. 


Sec 

Farts 

ParU 


77547 
77727 

77906 

78086 

78265 

78444 
78624 

78803 

78982 

79161 

*5 


20^ 


I 


O' 


l"»20« 


8-4 

79340 

795*0 
79699 

79878 
80057 
80235 

80414 

80593 

80772 
80951 


81 130 
81308 
8x487 
8x666 
8x844 
32023 
82201 
82380 
82558 
82737 


829x5 

83093 
83272 

83450 
83628 
83806 

83985 1 
84163 

84341 
84519 


84697 

84875 
85053 

85231 

85408 

85586 

85764 

85942 

86119 

86297 


86^75 
86652 
86830 
87007 
87185 
87362 
87540 
87717 

87894 
88072 


88249 
88406 
88603 
88780 
88958 
89135 
89312 
89489 
89666 
89842 


15' 


|h  21< 


8- 

490019 

490196 

490373 
490550 
490726 

490903 
491080 

49x256 

491433 
491609 


49x786 
49x962 

49*139 

49»3«5 
492492 

492668 

492844 

493021 

493197 

493373 


493549 
4937*5 
493901 
494077 
494*53 

4944*9 
494605 

494781 

494957 

495 '33 


495308 
4954^ 
495660 

495835 
496011 

496187 

496362 

496538 

496713 

496889 


497064 

497*39 
497415 
497590 
497765 

497941 
498116 

49829 x 

498466 

49864 x 


498816 
498991 
499166 

499341 
499516 

499691 
499866 

500040 

500215 

500390 


30' 


Ihjsm 


8-5 
00564 

00739 

009x4 

OI083 

01263 

01437 
01612 

0x786 

01961 

02135 


02309 
02483 
02658 
02332 
03006 
03180 

03354 

03528 

03702 
03876 


04050 
04224 

04398 

04572 

04746 
04919 
05093 
05267 

05441 
056x4 


05788 
05961 
06135 
06308 
06482 
06655 
06829 
07002 

07175 
07349 


07522 
07695 
07868 
08041 
082x4 

08387 
08560 

08733 
08906 
09079 


09252 

094*5 
09598 
09771 

09943 
10x16 

10289 

10461 

10634 

10807 


45' 


lh23« 


8-5 

0979 
1151 

13*4 
1496 

X669 

1841 

2013 

2x36 

2358 

2530 


2702 
2874 

3047 

3*19 

3391 
3563 

3906 
4078 
4*50 


44** 

4594 
4766 

14937 

5109 
523x 

545* 
5624 

5795 
5967 


6x38 
6310 
6481 
6652 
6824 

7166 

7338 
7509 

7680 


7851 

8022 

8193 
8364 

8535 

8706 

8877 

9048 

9*19 
9390 


9560 

9731 
9902 

20072 
20243 

0414 

0584 

20755 

20925 
21096 


2r 


lh34. 


8-5 
2x266 

21436 

21607 
2x777 
2x947 
22 118 

22238 
22453 
22628 
22798 


22968 
23I3S 
23308 
23478 
13648 
23813 
23988 
24x53 
24323 
24498 


S4667 
24837 
25007 
25X76 
25346 

*55iS 

25685 

*5854 
26024 
26193 


15' 


|hs5» 


8-5 
14*9 
1597 
1765 

1934 
2102 

2270 

2438 
2606 

*774 
2942 


26363 
26532 
26701 
26871 
27040 
27209 
27378 
27543 
27717 
27886 


28055 
28224 

*8393 
28562 

28731 

28899 

29008 

29237 

29406 

*9575 


*9743 
29912 

30081 

30*49 
30418 

30586 

30755 

309*3 
31092 

31260 


3111 

3273 

3446 
36x4 
3782 

3950 

341x3 

4286 

4454 
4621 


4789 

34957 
5x24 

5292 

5459 

5627 

5795 
5962 

6x29 

6297 


30' 


i^ao* 


8-5 

41470 

41636 

41802 

41968 

4*135 
4230X 

42467 

4*633 

4*799 
42965 


43131 
43297 

43463 
43629 

43795 
43961 
44x27 

44*93 

44459 
44624 


6464 
6631 

6799 

6966 

7133 
7300 
7468 

7635 
7802 

7969 


44790 

44956 

451*1 

45*87 

45453 
456x8 

45784 

45949 
461x5 
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81532 

IH 

30 

52148 

55*56 

58148 

61127 

64091 

67041  69976 

72898 

75806 

78700 

81580 
81628 

U 

45 

52199 

55206 

5S198 

61 176  64140 

67090 

70025 

72947 

75854 

78748 

16 

4  0 

52249 

55256 

58248 

61226 

64189 

67139 

70074 

72995 

75902 

78796 

81676 

}H 

\& 

52299 

55306 

58298 

61275 

64239 

67188 

70123 

73044 

75951 

78844 

81724 

17 

30 

52349 

55356 

58347 

61325 

64288 

67237 

70171 

73092 

75999 

78892 

81771 

111 

45 

52400 

55406 

58397 

61374 

64337 

67286 

70220 

73141 

76047 
76096 

78940 

81819 

10 

5  0 

52450 

55456 

58447 

61424 

64386 

67335 

70269 

73189 

78988 

81867 

20 

15 

52500 

55506 

58497 

61473 

64436 

67384 

70318 

73238 

76144 

79036 

81915 

21 

:w 

51550 

55556 

58546 

61523 

64485 

67433 

70366 

73286 

76192 

79085 

81963 

22 

•15 

52600 

55605 

58596 

61572 

64534 

674S2 

70415 

73335 

76241 

79133 

82011 

23 

6  0 

52651 

55655 

58646 

61622 

64583 

67531 

70464 

73384 

76289 

79181 

82059 

24 

15 

52701 

55705  58695 

61671 

64633 

67580 

70513 

73432 

76337 

79229 

82107 

26 

30 

52751 

55755  58745 

61721 

64682 

67629 

70562 

73481 

76386 

79277 

82154 

26 

45 

52^01 

55805 

58795 

61770 

64731 

67678 

70610 

73529 

76434 

79325 

82202 

27 

7  0 

52851 

55855 

58X45 

61820 

64780 

67727 

70659 

73578 

76482 

79373 

82250 

28 

15 

52902 

55905 

58894 

61869 

64830 

67775 

70708 

73626 

76531 

79421 

82298 

20 

30 

52952 

55955 

5»944 

6191^ 

64879 

67825 

70757 

73695 

76579 
76627 

79469 

82346 

30 

45 

53002 

56C05 

58994 

61968 

64928 

67874 

70806 

73723 

79517 

82394 

31 

U  0 

53052 

56055 

59043 

62017 

64977 

67923 

70854 

73772 

76675 

79565 

82441 

32 

15 

5310* 

56105 

59093 

62067 

65026 

67972 

70903 

73820 

76724 

79613 

82489 

33 

30 

53152 

56155 

59 '43 

62116 

65076 

68021 

70952 

73869 

76772 

79661 

82537 

34 

45 

53203 

56205 

59192 

62166 

65125 

68070 

71000 

73917 

76820 

79709 

82585 

35 

9  0 

53*53 

56255 

59242 

62215 

65174 

68119 

71049 

73966 

76869 

79758 

82633 

86 

15 

53303 

56305 

59292 

62265 

65223 

68168 

71098 

74014 

76917 

79806 

82680 

37 

SO 

53353 

56354 

59341 

62314 

65272 

68217 

7' 147 

74063 

76965 

79854 

82728 

38 

45 

53403 

56404 

5939» 

62363 

6^322 

68265 

7"9S 

74111 

77013 

79902 

82776 

30 

10  0 

53453 

56454 

5944" 

62413 

65371 

68314 

71x44 

74160 

77062 

79950 

82824 

40 

15 

53503 

56504 

59490 

62462 

65420 

68363 

71293 

74208 

77110 

79998 

82872 

41 

30 

53554 

56554 

59540 

62512 

65469 

68412 

71342 

74257 

77158 

80046 

82919 

42 

45 

53604 

56604 

59590 

62561 

65518 

68461 

71390 

74305 

77206 

80094 

82967 

43 

II  -0 

53654 

56654 

59639 

62610 

65567 

68510 

71439 

74354 

77254 

80142 

83015 

44 

15 

53704 

56704 

59689 

62660 

65617 

68559 

71488 

74402 

77303 

80190 

83063 

45 

30 

53754 

56754 

59739 

62709 

65666 

68608 

71536 

74451 

77351 

80238 

83110 

46 

45 

53804 

56803 

59788 

62759 

65715 

68657 

71585 

74499 

77399 

80286 

83158 

47 

12  0 

53854 

56853 

59838 

62808 

65764 

68706 

71634 

74547 

77447 

80334 

83106 

48 

15 

53904 

56903 

59887 

62857 

65813 

68755 

71682 

74596 

77496 

80382 

83254 

49 

30 

53954 

56953 

59937 

62907 

65862 

68804 

71731 

74644 

77544 

80430 

83302 

50 

45 

54005 

57003 

599«7 

62956 

65911 

68853 

71780 

74693 

77592 

80478 

83349 

51 

13  0 

54055 

57053 

60036 

63006 

65961 

68901 

71828 

74741 

77640 

80526 

83397 

62 

15 

54105 

57103 

60086 

63055 

66010 

68950 

71877 

74790 

776S8 

80573 

83445 

53 

30 

54>55 

57152 

60135 

63104 

66059 

68999 

71926 

74838 

77737 

80621 

83493 

64 

45 

54105 

57202 

60185 

63154 

66108 

69048 

7«974 

74886 

77785 

80669 

83540 

55 

14  0 

S4»55 

57252 

60235 

63203 

66157 

69097 

72023 

74935^77833 

80717 

83588 

5G 

15 

54305 

57302 

60284 

63252 

66206 

69146 

72072 

74983 

77881 

80765 

83636 

57 

30 

54355 

57352 

60334 

63302 

66255 

69195 

72120 

75032 

77929 

8c8i3 

83684 

58 

45 

54405 

57402 

60383 

6335* 

66304 

69244 

72169 

75080 

77978  1  80861 

83731 

59 
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T.ABLE  69 

LOO.  SINE  SQUARE                       | 

67° 

68° 

69° 

8. 

O' 

16' 

SO' 

46' 

0'  [  15' 

30 

45' 

_o^_ 

16' 

30' 
4"»38- 

4b  28" 

4h29" 

4h30in 

4»»31» 

4'»32» 

4«»33" 

41. 340. 

4»»35- 

4»«36» 

4»»37- 

/  ii 

9*4 

9'4 

9*4 

9'4 

94 

9*   . 

9*5 

95 

'15  , 

9'5 

95 

0  0 

83779 

86635 

89478 

92307 

95123 

4979*6 

007x6 

03492 

06256 

09007 

"745 

0 

15 

83827 

86683 

89525 

9*354 

95x70 

497973 

00762 

03539 

06302 

09053 

II 790 

1 

30 

83874 

86730 

89572 

9240 1 

95217 

498019 

00809 

03585 

06348 

09098 

11836 

2 

45 

83922 

86778 

89620 

92448 

95*64 

498066 

00855 

0363X 

06394 

09x44 

11881 

3 

1  0 

83970 

86825 

89667 

9*495 

953" 

498112 

00901 

03677 

06440 

09190 

11927 

4 

15 

84017 

86873 

89714 

92542 

95357 

498159 

00948 

037*3 

06486 

09235 

11972 

6 

30 

84065 

86920 

8976X 

92589 

95404 

498206 

00994 

03769 

06532 

09281 

12018 

G 

45 

84113 

86968 

89809 

92636 

9545 » 

498252 

01040 

038x5 

06578 

09327 

12063 

7 

2  0 

84x61 

870x5 

89856 

92683 

95498 

498299 

01087 

03862 

06624 

09373 

12 109 

8 

15 

84208 

87062 

89903 

92730 

95545 

498345 

01133 

03908 

06669 

094x8 

12154 

9 

30 

84256 

871x0 

89950 

92778 

9559' 

498392 

0XX79 

03954 

06715 

09464 

12200 

10 

45 

84304 

87157 

89998 

92825 

95638 

498438 

01226 

04000 

06761 

09510 

12245 

11 

3  0 

84351 

87205 

90045 

92872 

95685 

498485 

0x272 

04046 

06807 

09555 

12291 

IS 

15 

84399 

87252 

90092 

92919 

9573* 

498532 

013x8 

04092 

06853 

09601 

12336 

13 

30 

84447 

87300 

90x39 

92966 

95778 

498578 

0x365 

04x38 

06899 

09647 

12382 

14. 

45 

84494 

87347 

90x86 

93012 

95825 

498625 

0141 X 

04x84 

06945 

09692 

12447 

15 

4  0 

84542 

87395 

90234 

93059 

95872 

498671 

0x457 

04231 

06991 

09738 

12473 

16 

15 

84590 

8744.2 

90281 

93106 

959*9 

498718 

0x504 

04277 

07037 

09784 

12518 

17 

30 

84637 

87489 

90328 

93^53 

95965 

498764 

0x550 

043*3 

07083 

09830 

12564 

18 

45 

84685 

87537 

90375 

93200 

96012 

498811 

0x596 

04369 

07128 

09875 

12609 

19 

5  0 

84733 

87584 

90423 

93*47 

96059 

498857 

0x643 

04415 

07x74 

09921 

12655 

20 

15 

84780 

87632 

90470 

93294 

96x06 

498904 

0x689 

04461 

07220 

09967 

12700 

21 

SO 

84828 

87679 

90517 

93341 

96152 

49895 1 

0x735 

04507 

07266 

10012 

"745 

22 

45 

84875 

87726 

90564 

93388 

96x99 

498997 

0x782 

04553 

07312 

10058 

"Z9» 

23 

6  0 

84923 

87774 

906  XX 

93435 

96246 

499044 

0x828 

04599 

07358 

10103 

12836 

24 

15 

84971 

87821 

90658 

93482 

96293 

499090 

0x874 

04645 

07404 

10149 

12882 

25 

30 

85018 

87869 

90706 

935*9 

96339 

499>37 

0192X 

04692 

07450 

10195 

12927 

26 

45 

85066 

87916 

90753 

93576 
93623 

96386 

499183 

01967 

04738 

07495 

10240 

12973 

27 

7  0 

85114 

87963 

90800 

96433 

499230 

02013 

04784 

07541 

10286 

13018 

28 

15 

85161 

880x1 

90848 

93670 

96480 

499276 

02059 

04830 

07587 

10332 

13064 

29 

30 

85109 

88058 

90894 

937x7 

96526 

499323 

02x06 

04876 

07633 

10377 

13109 

30 

45 

85256 

88106 

9094X 

93764 

96573 

499369 

02152 

04922 

07679 

10423 

'3154 

31 

8  0 

85304 

88153 

90989 

93811 

96620 

499416 

02198 

04968 

07725 

10469 

13200 

32 

16 

85352 

88200 

91036 

93858 

96666 

499462 

02245 

050x4 

07771 

10514 

»3*45 

S3 

SO 

85399 

88248 

9x083 

93905 

96713 

499509 

02291 

05060 

07816 

10560 

13291 

34 

45 

85447 

88295 

91x30 

9395* 

96760 

499555 

02337 

05106 

07862 

10606 

13336 

36 

9  0 

85494 

88342 

9II77 

93998 

96807 

499601 

02383 

05152 

07908 

10651 

13381 

36 

16 

85542 

88390 

9x224 

94045 

9685*3 

499648 

02430 

05198 

07954 

X0697 

134*7 

37 

30 

85589 

88437 

9X27X 

94092 

96900 

499694 

02476 

05244 

08000 

10742 

13472 

38 

45 

85637 

88485 

913x8 

94139 

96947 

499741 

02522 

05290 

08045 

X0788 

13518 

30 

10  0 

85685 

88532 

9x366 

94186 

96993 

499787 

02568 

05336 

08091 

X0833 

^^^l 

40 

15 

85732 

88579 

9H13 

94*33 

97040 

499834 

02615 

05382 

08137 

10879 

13608 

41 

30 

85780 

88627 

91460 

94280 

97087 

499880 

02661 

05428 

08183 

10925 

13654 

42 

46 

85827 

88674 

9x507 

94327 

97133 

499927 

02707 

05474 

08229 

X0970 

13699 

43 

11  0 

85875 

88721 

91554 

94374 

97180 

499973 

02753 

05520 

08274 

X1016 

13744 

44 

15 

85922 

88769 

9x601 

944*1 

97**7 

500020 

02799 

05566 

08320 

xxo6x 

23790 

45 

30 

85970 

888x6 

9x648 

94467 

97*73 

500066 

02846 

05612 

08366 

11107 

13835 

46 

45 

86017 

88863 

91695 

94514 

97320 

5001x2 

02892 

05658 

08412 

1x153 

13881 

47 

12  0 

86065 

88910 

91742 

94561 

97367 

500159 

02938 

05704 

08458 

1 1 198 

13926 

48 

16 

86113 

88958 

91790 

94608 

974»3 

500205 

02984 

05750 

08503 

11244  13971 

49 

30 

86160 

89005 

91837 

94655 

97460 

500252 

03030 

05796 

08549 

11289  14017 

60 

45 

86208 

89052 

9x884 

94702 

97507 

500298 

03077 

05842 

08595 

"335 

14062 

61 

13  0 

86255 

89100 

91931 

94749 

97553 

500345 

03123 

05888 

08641 

1x380 

14107 

62 

16 

86303 

89147 

91978 

94795 

97600 

50039 X 

03169 

05934 

08687 

11426 

14153 

63 

30 

86350 

89194 

92025 

94842 

97646 

500437 

032x5 

05980 

08732 

11471 

14198 

64 

45 

86398 

89242 

92072 

94889 

97693 

500484 

03261 

06026 

08778 

1x517 

14243 

66 

U  0 

86445 

89289 

92119 

94936 

97740 

500530 

03308 

06072 

08824 

IXC63 
11608 

14489 

66 

16 

86493 

89336 

92x66 

94983 

97786 

500577 

03354 

06118 

08879 

14334 

67 

30 

86540 

89383 

92213 

95030 

97833 

500623 

03400 

06164 

08915 

11654 

14379 

68 

45 

86588 

89431 

92260 

95077 

97879 

500669 

03446 

06210 

08961 

1x699 

144*5 

60 
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TABLE  69 

807 

LOO.  8INB  SQUARB                       | 

69° 

70^ 

7 10 

72° 

8. 

45' 

0' 

15' 

SO* 

45' 

0* 

15' 

30' 

45' 

0' 

16' 

4h39a. 

4h4o« 

4h4iB 

4h42« 

4»»43'» 

4b  44m 

4'*  45"' 

4h46m 

4»»47«' 

4>»48'n 

4b4ga 

t     it 

0  0 

15 
30 
45 

1  0 
15 
30 
45 

3  0 
15 

9*5 
14470 

14515 
14561 

14606 

14651 

14696 

14742 

14787 
14832 

14878 

95 
17183 

17228 

17173 
17318 

17363 
17408 

17453 
17498 

17543 
17588 

95 
19883 

19927 

19972 

20017 

20062 

20107 

20152 

20197 

20242 

20287 

9-5 
22570 

22615 

22659 

22704 

22749 

22794 

22838 

22883 

22928 

22972 

95 

25245 
25290 

25334 

25379 
25423 
25468 

25512 

25557 
25601 
25645 

95 
27908 

27952 

27997 
28041 

28085 

28129 

28174 
28218 
28262 
28306 

9*5 

30559 
30603 

30647 

30691 

30735 
30779 

30823 

30867 

30911 

3«>955 

9*5 
33197 
33241 
33285 

33329 
33372 
33416 
33460 

33504 
33548 
33592 

9*5 
35823 
35867 
35910 

35954 

35998 
36041 

36085 

36129 

36172 

36216 

95 

38437 
38481 

38524 

38568 

38611 

38655 
38698 

38742 

38785 
38828 

9*5 
41040 

41083 

41 126 

41 169 

41213 
41256 
41299 

41342 
41386 
41429 

0 

1 

8 

3 

4 
5 
6 

7 
8 
9 

30 
45 

3  • 

15 
30 
45 

4  0 

15 
30 
45 

14923 
14968 
1 50 14 

>  5059 
15104 

15149 

'S«9S 

15240 

15285 
15330 

17633 

17678 
17724 
17769 
17814 

17859 

17904 

17949 

17994 
18039 

20331 
20376 
20421 
20466 
20511 
20556 
20600 
20645 
20690 
20735 

23017 
23062 
23106 
23151 
23195 
23240 
23285 
2.3329 

»3374 
23419 

25690 
25734 

25779 
25823 

25868 

25912 

25957 
26001 

26045 

26090 

28351 
28395 
28439 
28483 
28528 
28572 
28616 
28660 
28704 

28749 

30999 
31043 
31087 

31131 

31175 
31219 

31263 

31307 

31351 
3139s 

33635 
33679 
33723 
33767 
33811 

33854 
33898 
33942 
33986 
34030 

36260 
36303 

36347 
36391 
36434 
36478 
36521 

36609 
36652 

38872 

38915 

38959 
39002 

39046 
39089 
39132 
39176 
39219 
39263 

41472 

41515 
41559 

41602 

41645 
41688 

41731 

41775 

4I8I8 
4I86I 

10 
11 
12 
13 
14 
15 
16 

17 
18 
19 

5  0 
15 
30 
45 

6  0 
15 
30 
45 

7  0 
15 

15376 
15421 
15466 
15511 

»5557 
15602 
15647 
15692 

«5737 
'5783 

18084 
18129 
18174 
18219 
18264 
18309 
18354 

18399 
18444 
18489 

20780 
20825 
20869 
20914 
20959 
21004 
21049 
21094 
21138 
21183 

13463 
23508 
23552 

^3597 
23642 

23686 

23731 

^3775 
23820 

23865 

26134 
26179 
26223 
26267 
26312 
26356 
26401 
26445 
26489 
26534 

28793 
28837 

28881 

28926 

28970 

29014 

29058 

29102 

29146 

29191 

3H39 

31483 

31527 

31571 
31615 

31659 
31703 

31747 

31791 
31835 

34074 

34117 
34161 

34205 

34249 
34293 
34336 
34380 

34424 
34468 

36696 
36740 
36783 
36827 
36870 

36914 

36957 

37001 

37045 
37088 

39306 

39349 
39393 
39436 
39480 

39566 
39610 

39653 
39697 

41904 

41948 
41991 
42034 

42077 

42120 

42164 
42207 
42250 
42293 

20 
21 
22 
23 
24 
25 
26 

27 
28 

29 

30 
45 

8  0 
15 
30 
45 

9  0 
15 
30 
45 

15828 

15873 
15918 
15963 
16009 
16054 
16099 
16144 
16189 
16235 

18534 
18579 
18624 
18669 

18714 

18759 
18804 

18849 

18894 

18939 

21228 
21273 
21317 
21362 
21407 
21452 
21497 
21541 
21586 
21631 

23909 

»3954 
23998 

24043 

24087 

24132 

24177 
24221 

24266 

24310 

26578 
26623 
26667 
26711 
26756 
26800 
26844 
26889 
26933 

26977 

29235 

29279 

29323 
29367 

29411 

29456 
29500 

29544 
29588 

29632 

31879 
31923 

31967 
3201 1 

32055 

32099 

32143 
32187 
32231 
32275 

34511 
34555 
34599 
34643 
34687 

34730 

34774 
34818 
34862 

34905 

37132 
37175 

37219 
37262 

37306 
37350 
37393 
37437 
37480 

37524 

39740 
39783 
39827 
39870 
39913 

39957 
40000 

40043 
40087 

401 30 

42336 

42379 
42423 

42466 

42509 
42552 
42595 

42638 
42681 

42725 

30 
31 
32 
83 
34 
85 
36 

37 
38 
39 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

12  0 
15 

16280 
16325 
16370 
16415 
16460 
16506 
16551 
16596 
1 664 1 
16686 

18984 
19029 
19074 
19119 
19164 
19209 
19254 
19299 

19344 
19389 

21676 
21720 
21765 
21810 
21855 
21899 
21944 
21989 
22034 
22078 

»4355 
24400 

27022 
27066 
27110 

27155 
27199 

27244 
27288 

27332 
27376 
27421 

29676 

29721 

29765 
29809 

29853 

29897 

29941 

29985 
30029 

30«>74 

32319 

32363 

32407 

3H51 

3H95 
32538 

32582 

32626 

32670 

32714 

34949 

34993 

35037 
35080 

35124 
35168 

35211 

35255 
35*99 
35343 

37567 
37611 

37654 
37698 

37741 

37785 
37828 

37872 

37915 
37959 

40173 
40217 

40260 

40304 

40347 

40390 

40434 

40477 
40520 

40563 

42768 
428 II 

42854 
42897 
42940 
42983 

43027 
43070 

43113 
43156 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

24489 

24533 
24578 
24622 
24667 
24711 
24756 

30 
45 

13  0 
15 
30 
45 

U  0 
15 
30 
45 

16731 
16777 
16822 
16867 
16912 
16957 
17002 
17047 
17092 
17137 

19433 
19478 
19523 
19568 
19613 
19658 
19703 
19748 

19793 
19838 

22123 
22168 
22213 
22257 
22302 
22347 
22391 
22436 
22481 
22525 

24800 

24845 
24889 

24934 
24978 
25023 
25067 
25112 

25156 
25201 

27465 
27509 

27554 
27598 
27642 
27687 

27731 

27775 
27819 
27864 

30118 
30162 
30206 
30250 
30294 
30338 
30382 
30426 
30470 

30514 

32758 
32802 
32846 
32890 

32934 
32978 
33021 
33065 
33109 

33153 

35386 
35430 
35474 
35517 
35561 
35605 
35648 
35692 
35736 
35779 

38002 
38046 
38089 
38133 
38176 
38220 
38263 

38307 
38350 
38394 

40607 
40650 

40693 

40737 
40780 

40823 

40866 

40910 

40953 
40996 

43199 
43242 

43285 
43328 

43371 
43414 
43458 
43501 

43544 
43587 

50 
61 
52 
53 
54 
55 
56 

67 
58 
59 
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TABLE  69 


LOG.  SINE  8QUARB                       | 

72^ 

73-^ 

740 

75^ 

30' 

4».  50.n 

45' 

4h{i|m 

0' 

15' 

30' 

45' 

if 

16' 

30' 

46' 

(/ 

t. 

4''  52'" 

4h  53.,. 

411  54... 

4»'56'" 

4'»56'» 

4'*  67" 

41.  5])a. 

4h  SJ)n. 

6«»  O" 

/  o 

0  0 
15 
30 
45 

1  0 
15 
30 
45 

2  0 
15 

9"  5 
43630 

43673 
43716 

43759 
43802 

4384'i 
43888 

43931 
43974 
44017 

9*5 
46208 

46251 

46294 

46337 
46380 

46423 
46466 
46508 
46551 
46594 

9'5 

48775 
48818 

48861 

48903 

48946 

48989 

49031 

49074 
49116 

49>59 

9-5 
51330 

51373 

5H15 

51458 

51500 

51543 

51585 
51628 

5x670 

5»7n 

9  5 

53874 
53916 

53958 
54001 

54043 
54085 

54127 

54170 

54212 

54*54 

9*5 
56406 

56448 
56490 

5653* 

56574 
56616 

56658 

56700 

56742 

56784 

95 
589*6 

58968 

59010 

59052 

59094 
59136 

59177 
59219 
59261 

59303 

9*5 
61435 
61477 
61519 

61560 
6x602 
61644 
61685 
61727 
61769 
61810 

9*5 

63933 

63974 
64016 

64057 
64099 

64140 

64182 

64223 

64265 

64306 

9'5 
664x9 

66460 

66502 

66543 
66584 
66626 
66667 
66708 
66750 
6679  X 

95 
68894 

68935 
68977 

69018 

69059 
69100 

69141 

69182 

692*3 

69265 

0 

1 
2 
3 
4 
5 
6 

7 
8 
9 

30 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
45 

^4061 
44104 

44147 
44190 

44*33 
44276 

44-3>9 
44362 

44405 

44448 

46637 
466S0 
46723 
46766 
46808 
468  51 
46894 

46937 
46980 

47C22 

49202 

49244 
49287 

49330 
49372 

49415 
49458 
49500 

49543 
49S86 

5»755 
51797 
51840 
51S82 

5»9»5 
51967 

52010 

52052 

52095 

52137 

54296 

54339 
54381 

544*3 
54465 
54508 

54550 
5459* 
54634 
54677 

56826 
56869 
569 1 1 

56953 
56995 
57037 
57079 
571*1 
57163 
57*05 

59345 
59387 
594*9 
59471 
5951* 
59554 
59596 

59638 
59680 

59722 

61852 
6x894 

61935 

61977 
62019 

62060 

6*102 

6*144 

62186 

62227 

64348 

64389 

64431 
64472 

64514 

64555 
64597 
64638 

64680 
647*1 

66832 
66874 
66915 
66956 
66998 
67039 
67080 
67121 
67163 
672C4 

69306 

69347 
69388 
694*9 

69470 
69511 

69552 

69593 

69635 
69676 

in 
11 
12 
i:s 

14 
15 

10 
17 

5  0 
15 
80 
46 

6  0 
15 
SO 
45 

7  0 

15 

44491 

44534 

44577 
44620 

44663 

44706 

44749 
44792 

44835 
44878 

47065 

47x08 

4715' 

47194 
47237 

47279 

473" 

47365 
47408 

47451 

49628 
49671 
49713 
49756 

49799 
49841 

49884 

49926 

49969 

50012 

52179 
52222 
52264 
52307 

5*349 
52391 

5*434 
52476 

52519 

52561 

54719 
54761 

54803 
54846 

54888 

54930 

5497* 

55014 

55057 

55099 

57*47 
57*89 
57331 
57373 
57415 
57457 
57499 
57541 

57583 
57625 

59764 
59806 

59847 

59889 

59931 

59973 
60015 

60056 

60098 

60140 

62269 
62311 
62352 

62394 
62435 

62477 

62519 
62560 

62602 

62644 

64763 
64804 
64846 
64887 
64929 

64970 
65011 

65053 

65094 
65136 

67245 
67287 

673*8 
67369 
67410 
67452 

67493 

67534 
67576 
67617 

69717 

69758 
69799 
69840 
69881 
6992* 
69963 
70004 
70045 
70087 

2» 
21 
2J 
23 
24 
25 
2G 
27 

2n 

2!» 

30 
46 

8  0 
15 
30 
45 

9  0 
15 
30 
45 

44921 
44964 
45007 
45050 

45093 

45135 
45x78 

4522X 

45264 

45307 

47493 
47536 

47579 
4762;^ 
47664 
47707 

47750 

47793 

47835 
47878 

50054 
50097 

50139 

50x82 

50224 

50267 

50310 

50352 

50395 

50437 

52603 
52646 
52688 

5*73  > 

5*773 
52815 

52858 

52900 

52942 

52985 

55141 
55183 
552*5 
55268 
553x0 

5535* 
55394 
55436 
55479 
555*1 

57667 

57709 

5775 » 

57793 

57835 

57877 

579J9 
57961 

58003 
58045 

60182 
602*4 
60266 
60307 

60349 
6039  X 

60433 

60475 

60516 

60558 

62685 
62727 
62769 
62810 
6285* 
6*893 

6*935 

6*977 
63018 
63060 

65177 
65219 

65260 

65302 

65343 

65426 
65467 
65509 
65550 

6559* 
65633 

65674 
65716 

65757 

65799 
65840 

65881 

659*3 
65964 

67658 
67699 

67741 
6778* 
678*3 
67864 
67905 

67947 
67988 

68029 

70128 
70169 
70*10 
70251 
7029* 

70333 

70374 

70415 
70456 

70497 

30 
31 
32 

3:{ 

34 
35 
31! 

37 
58 
39 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

12  0 
15 

45350 
45393 
45436 

45479 

455" 

45565 
45608 

45651 

45694 
45737 

47921 

47964 
48006 

48049 

48092 

48135 
48x77 

48220 

48263 

48305 

50480 
50522 

50565 
50608 

50650 

50693 

50735 
50778 
50820 
50863 

53027 
53070 
53112 

53>54 
53197 

53*39 
53281 

533*4 
53366 
53408 

55563 
55605 
55647 
55689 
5573* 
55774 
55816 

55858 
55900 

5594* 

58087 

581*9 
58171 
58213 

58*55 
58*97 

58339 
58381 

584*3 
58465 

60600 
6064* 
60684 
60725 
60767 
60809 
60851 
60892 
60934 
60976 

63101 
63x43 
63185 
63226 
63268 
63309 

63351 

63393 

63434 
63476 

68070 
6811* 

68153 
68194 
68*35 
68*77 
68318 

68359 
684CO 

68441 

70538 

70579 
706*0 

70661 

7070* 

70743 
70784 

708*5 

70866 

70907 

40 
41 
43 
43 
44 
45 
40 

47 

48 

49 

34» 
45 

13  0 
15 
30 
45 

14  0 
15 
30 
45 

45779 
45822 

45865 
45908 

45951 
45994 
46037 
46080 
46123 
46166 

4^348 
48391 

48434 
48476 
48519 
48562 
48604 

48647 
48690 

48732 

50905 

50948 
50990 

5 '03  3 

5'o75 
51118 

51160 

51203 

5>H5 
51288 

5345 » 
53493 
53535 
53578 
53620 
53662 
53704 
53747 

S3789 
53831 

55984 
56027 
56069 
561XX 

56153 
56x95 
56237 

56279 
56321 
56363 

58507 

58549 
58591 

58633 

58675 
587ii 

58758 
58800 

58842 

58884 

61018 
61059 
61101 
61x43 
6x185 
61226 
6x268 
61310 
61352 

61393 

63517 

63559 
63600 

63642 

63083 

63725 

63767 
63808 
63850 
6389X 

66005 
66047 
66088 
66130 
66171 
66*12 
66*54 
66295 
66336 
66378 

6848* 
685*4 
68565 
68606 

68647 
68688 
68730 

68771 
6881* 
68853 

70948 
70989 
71030 
71071 
71XX* 

71153 
71194 

71*35 
71*76 

71317 

60 
51 
62 
63 
64 
56 

67 

5» 
60 
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LOG.  SINE  8QUARB                        1 

75° 

76^ 

770 

8. 

0 

I 

2 
3 
4 

6 
6 

7 
6 
9 

15' 

30* 

45' 

O' 

5h4ni 

15' 

,W 

45' 

5»»7'" 

iY 

15 

30' 

46' 

5b  ]m 

5»'2'» 

5>'8'» 

6>>5" 

5»>6'» 

6»'8" 

5I1  9111 

5I1  IQin 

5hl|n. 

0  0 
!."» 
30 
4o 

1  <» 
l.-i 
30 
4'» 

2  0 
15 

95 
71358 

7 '399 
71440 

71481 

7151* 
71563 

71604 

71645 

71686 

71727 

9-5 

73811 

73852 

73893 

73933 

73974 
74015 

74056 

74097 
74»37 
74178 

76253 
76294 

76334 

76375 
76415 

76456 
76497 
76537 
76578 
76618 

9'5 
78684 

78724 

78765 
78805 

78846 

78886 

78926 

78967 

79007 
79048 

9*5 
81104 

81144 

81185 

81225 

81265 

81305 

81345 

81386 

81426 

81466 

9*5 

83513 

83553 

83593 
83633 

83673 

837'3 
83753 
83793 
83834 
83874 

95 
85911 

85951 

85991 

86031 

86071 

86111 

8615] 

86191 

86230 

86270 

9-5 
88299 

88339 

88379 

88418 

88458 

88498 

88537 

88577 
88617 

88656 

9-5 
90676 

90716 

90755 

90795 
90834 

90874 
90913 

90953 
90992 

91032 

9*5 

93042 

93082 

93'!' 
93161 

93200 

93139 
93279 

93318 

93357 
93397 

95 

95398 

95437 

95477 
95516 

9555S 
95594 
95633 
95671 
95712 

9575' 

30 
45 

3  0 
15 
3f) 
45 

4  0 
15 
SO 
4.-» 

71768 
71809 
71850 
71891 
71932 
71973 
72013 
72054 
72095 
72136 

74219 
74260 
74300 

7434' 
74381 
74413 
74463 
74504 
74545 
74586 

76659 
76700 
76740 
76781 
76821 
76862 
76902 

76943 
76983 
77024 

79088 
79128 
79169 
79209 
79150 
79190 
79330 

7937' 
79411 

7945' 

81506 
81546 
81587 
81627 
81667 
81707 
81747 
81788 
81828 
81868 

83914 

83954 

83994 
84034 

84074 
84114 

84154 

84194 

84134 
84274 

86310 
86350 
86390 
86430 
86470 
86509 
86549 
86589 
86629 
86669 

8S696 
88736 

88775 
88815 

88855 

88894 

88934 
88974 
89013 
89053 

91071 
91111 
91150 
91190 
91229 
91269 
91308 
91348 
91387 
91427 

93436 
93475 
935»4 
93554 
93593 
93631 
93672 

93711 
93750 
93790 

95790 

95819 
9586S 

95907 
95946 
95986 
96025 
96064 
96103 
96142 

10 
11 
13 
13 
U 
15 
16 

17 

18 
19 

20 
21 
22 
23 
24 
25 
26 

27 
28 
29 

36 

31 
32 
83 
34 
35 
36 

87 

38 
39 

5  0 
15 
30 
45 

6  0 

1$ 
30 
45 

7  0 
15 

7*177 
72218 
72259 
72300 

71341 
72382 
72423 
72463 
72504 

7a54S 

74626 

74667 

74708 

74748 

74789 
74830 

74871 

749" 
74951 
74993 

77065 
77105 
77146 
77186 
77227 
77267 
77308 
77348 

77389 
77429 

79492 

79531 

79573 
79613 

79653 

79694 

79734 

79774 
79815 

79855 

81908 
81948 
81989 
82029 
82069 
82109 
82149 
82189 
82230 
82270 

84314 

84354 
84394 

84434 
84474 

845 '4 

84554 

84594 
84634 

84674 

86709 
86748 
86788 
86828 
86868 
86908 

86947 
86987 

87027 

87067 

89093 
89132 
89172 
89212 
89251 
89291 
89330 

89370 
89410 

89449 

91466 
91506 

9 '545 
91584 

91663 
91703 
91742 
91782 
91821 

93829 
93868 

93907 
93947 
93986 
94025 
94065 
94104 

94143 
94182 

96181 
96220 
96259 
96299 
96338 
96377 
96416 

96455 
96494 
96533 

30 
45 

8  0 
15 
30 
45 

9  0 
15 
30 
45 

72586 
72627 
72668 
72709 
72750 
72791 
72831 
72872 
72913 

71954 

75033 

75074 

75"5 
75156 

75196 

75137 
75278 

75318 

75359 
75400 

77470 
77510 

77551 

77591 
77632 

77672 

77713 
77754 
77794 
77834 

79895 
79936 

79976 
80016 
80057 
80097 
80137 
80178 
80218 
80258 

82310 
82350 

81390 
82430 
82470 
82511 
82551 
82591 
82631 
82671 

84714 

84754 
84794 

84834 
84874 

84913 

84953 

84993 

85033 
85073 

87107 
87146 
87186 
87226 
87266 
87306 

87345 
87385 
87425 

87465 

89489 
89529 
89568 
89608 
89647 
89687 
89727 
89766 
89806 

89845 

91861 
91900 

9'939 

9'979 
92018 

92058 

92097 

92137 

92176 

92215 

94222 
94261 
94300 

94339 

94379 
94418 

94457 
94496 
94536 
94575 

966 1 1 
96650 
96689 
96729 

96768 

96807 
96846 
96885 

96914 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

12  0 
15 

7*995 
73036 

73076 
73117 
73158 
73 '99 
73140 
73281 

73321 
73362 

75440 
75481 

75511 
75561 
75603 

75644 
75684 

75715 
75766 

75806 

77875 
779 « 5 
77956 
77996 

78037 
78077 

78118 

78158 

78199 

78239 

80298 

80339 
80379 

80419 

80460 

80500 

80540 

80581 

80621 

80661 

827 II 
82751 
82791 
82832 
82872 
82912 
82952 
82992 

83031 
83072 

85113 

85'53 
85193 

85133 
85173 
85313 
85353 
85393 
85433 
85473 

87504 

87544 

87584 
87624 

87663 

87703 

87743 

87783 
87822 

87862 

89885 
89925 
89964 
90004 

90043 
90083 

90122 

90162 

90202 

90241 

91155 
92294 

91334 

91373 
92412 

92452 

9H9I 
9153' 
91570 
92609 

94614 

94653 
94693 

94731 
9477' 
94810 

94850 
94889 
94928 

94967 

96963 
97002 

97041 

97080 
97 1 19 
97158 

97 '97 
97236 

97275 
973'4 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

30 
45 

13  0 
15 
30 
45 

11  0 
15 
30 
45 

73403 
73444 
73485 
73516 
73566 
73607 

73648 
73689 

73730 
73770 

75847 
75887 

759»8 
75969 
76009 
76050 
76091 
76131 
76172 
76212 

78279 
78320 
78360 
78401 
78441 
78482 
78512 
78563 
78603 
78644 

80701 
80742 
80782 
80822 
80862 
80903 

80943 
80983 

81023 

81064. 

83112 
83152 
83193 

83133 
83273 

83313 
83353 
83393 
83433 
83473 

855'3 

85551 
85592 

85632 

85671 
85712 

85751 

85831 
85871 

87902 

87941 
87981 

88021 

88061 

88101 

88140 

88180 

88220 

88259 

90281 
90320 
90360 

90399 
90439 
90478 
90518 
90558 

90597 
90637 

92649 
92688 
92728 
92767 
92806 
92846 
92885 
92924 

91964 
93003 

95006 
95046 
95085 

95'i4 
95163 

95202 

95242 

95281 

95310 

95359 

97353 
97392 

97431 

9747' 
97510 

97549 
97588 

97627 

97666 
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56 
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LOO.  SINE  SQUARE                       | 

78° 

79° 

80° 

0' 

16'    30' 

45' 

0' 

16' 

30'    45' 

0*. 

16' 

SO' 
5^22" 

II. 

6h  12m 

SMS™ 

5h  14n. 

5b  ism 

6'»1G"' 

5hi7« 

SMS" 

S^IO" 

6^20- 

6»«2l" 

J    JL' 

9' 

9-6 

9-6 

9-6 

9'6 

9-6 

9-6 

9-6 

9-6 

9-6 

9-6 

0  0 

597744 

00078 

02403 

04717 

07021 

093x5 

11 598 

13872 

16135 

18388 

20632 

0 

15 

597783 

00117 

02442 

04756 

07059 

09353 

11636 

X3909 

16173 

18426 

20669 

1 

30 

597822 

00156 

02480 

04794 

07098 

09391 

X1674 

'3947 

16210 

18463 

20706 

2 

45 

597861 

00195 

02519 

04833 

07x36 

C9429 

11712 

13985 

16248 

1850X 

20744 

3 

1  0 

597900 

00234 

02558 

0487  X 

07174 

09467 

11750 

14023 

16285 

18538 

20781 

4 

15 

597939 

C0273 

02596 

04910 

07213 

09505 

11788 

14061 

16323 

18576 

20818 

5 

30 

597978 

00311 

02635 

04948 

07251 

09544 

11826 

X4098 

16361 

x86x3 

20855 

6 

45 

598017 

00350 

02674 

04986 

07289 

09582 

1x864 

14136 

16398 

X8651 

20893 

7 

S  0 

598056 

00389 

02712 

05025 

073*7 

09620 

11902 

HI  74 

16436 

x8688 

20930 

8 

15 

598095 

00428 

02751 

05063 

07366 

09658 

11940 

14212 

16474 

18725 

20967 

9 
10 

30 

598133 

00467 

02789 

05102 

074x34 

09696 

X1978 

142  50 

16511 

18763  2x005 1 

45 

598172 

00505 

02828 

05140 

07442 

09734 

X2016 

14287 

16549 

x88oo 

21Q42 

11 

3  0 

598211 

00544 

02867 

05179 

07481 

09772 

12054 

H3a5 

X6586 

X8838 

21079 

\1 

15 

598250 

00583 

02905 

052x7 

07519 

09810 

X2092 

H363 

16624 

18875 

21116 

13 

30 

598289 

00622 

02944 

05256 

07557 

09848 

X2X30 

14401 

16662 

18913 

2x154 

14 

45 

598328 

00661 

02982 

05294 

07595 

09886 

X2x68 

14438 

16699 

18950 

21191 

lo 

4  0 

598367 

00699 

03021 

0533* 

07634 

09925 

12205 

14476 

16737 

18987 

2x228 

1(> 

15 

598406 

00738 

03060 

05371 

07672 

09963 

X2243 

14514 

16774 

19025 

2x266 

17 

SO 

598445 

00777 

03098 

05409 

077x0 

10001 

X228X 

H55» 

16812 

19062 

2x303 

18 

45 

598484 

00816 

03137 

05448 

07748 

X0039 

12319 

14589 

16850 

19100 

21340 

20 

5  0 

5985^3 

00854 

03175 

05486 

07787 

IC077 

"357 

X4627 

16887 

19137 

2x377 

15 

598562 

00893 

03214 

05525 

07825 

10115 

'^395 

14665 

16925 

^9175 

21415 

21 

30 

598601 

00932 

03253 

05563 

07863 

10153 

"433 

X4703 

X6962 

192x2 

21452 

22 

45 

598640 

00971 

03291 

05601 

07901 

10191 

12471 

14740 

X7000 

19*49 

21489 

23 

6  0 

598679 

01009 

03330 

05640 

07940 

10229 

12509 

14778 

17037 

19287 

21526 

24 

15 

598718 

01048 

03368 

05678 

07978 

10267 

X2547 

148x6 

17075 

193*4 

21564 

25 

30 

598757 

01087 

03407 

057x7 

080x6 

X0305 

12585 

14854 

17x13 

19362 

2 160 1 

20 

45 

598796 

01 126 

03446 

05755 

08054 

X0343 

12622 

1489  X 

17x50 

19399 

21638 

27 

7  0 

598834 

01164 

03484 

05794 

08093 

10381 

12660 

14929 

17188 

19436 

21675 

28 

15 

598873 

01203 

03523 

05832 

0813X 

10420 

X2698 

X4967 

17**5 

19474 

21712 

29 

30 

598912 

01242 

03561 

05870 

08x69 

10458 

X2736 

15005 

17263 

19511 

21749 

30 

45 

598951 

0x281 

03600 

05909 

08207 

10496 

12774 

15042 

17300 

19549 

21787 

31 

8  9 

598990 

OZ319 

03638 

05947 

08246 

X0534 

128x2 

150S0 

^7338 

19586 
19623 

21824 

32 

16 

599029 

01358 

03677 

05986 

08284 

10572 

X2850 

151x8 

17376 

21861 

S3 

30 

599068 

01397 

03716 

06024 

08322 

106 10 

12888 

15155 

17413 

19661 

21899 

34 

45 

599107 

01436 

03754 

06062 

08360 

X0648 

12926 

15193 

17451 

19698 

21936 

35 

9  0 

599146 

0x474 

03793 

0610X 

08398 

10686 

12963 

15*31 

17488 

X9736 

2x973 

36 

15 

599185 

015x3 

03831 

06139 

08437 

10724 

13001 

15269 

175*6 

19773 

22010 

37 

80 

599224 

01552 

03870 

06x77 

08475 

10762 

13039 

15306 

17563 

198x0 

22047 

38 

45 

599262 

0x591 

03908 

06216 

08513 

X0800 

13077 

15344 

17601 

19848 

22085 

39 

10  0 

599301 

01629 

03947 

06254 

08551 

X0838 

131x5 

X5383 

17638 

19885 

22122 

40 

15 

599340 

0x668 

03986 

06293 

08589 

X0876 

13153 

>54i9 

17676 

19922' 

22159 

41 

30 

599379 

0x707 

04024 

06331 

08628 

10914 

13191 

»5457 

177x3 

19960 

22196 

42 

45 

599418 

0x745 

04063 

06369 

08666 

10952 

X3229 

»5495 

17751 

19997 

22233 

43 

11  0 

599457 

01784 

04x01 

06408 

08704 

10990 

X3266 

»553* 

17788 

20034 

22271 

44 

15 

599496 

01823 

04x40 

06446 

08742 

11028 

13304 

15570 

17826 

20072 

22308 

45 

30 

599535 

01861 

04x78 

06484 

08780 

1 1066 

i334» 

15608 

17863 

20109 

22345 

46 

45 

599574 

01900 

04217 

06523 

08819 

11x04 

13380 

15645 

17901 

20146 .  22382 

47 

12  0 

599612 

01939 

04255 

0656  X 

08857 

11x42 

13418 

15683 

17938 

20184 

224x9 

48 

15 

599651 

01978 

04294 

06599 

08895 

XX180 

13456 

15721 

17976 

20221 

22456 

49 

SO 

599690 

020x6 

04332 

06638 

08933 

XX2l8 

13493 

15758 

180x3 

20258 

22494 

60 

45 

5997*9 

02055 

04371 

06676 

08971 

11256 

'3531 

15796 

18051 

20296 

22531 

61 

13  0 

599768 

02094 

04409 

06714 

09009 

11294 

13569 

15834 

18088 

20333 

22568 

62 

15 

599807 

02x32 

04448 

06753 

09048 

1x332 

13607 

15871 

18126 

20371 

22605 

63 

SO 

599845 

02171 

04486 

06791 

09086 

XI370 

13645 

15909 

18163 

20408 

22642 

64 

45 

599884 

02210 

04525 

06829 

09124 

1x408 

13683 

15947 

18201 

20445 

22679 

66 

14  0 

599923 

02248 

04563 

06868 

09162 

1x446 

13720 

15984 

18238 

20482 

22717 

66 

15 

599962  02287 

04602 

06906 

09200 

11484 

'3758 

16022 

18276 

20520 

22754 

07 

«  SO 

600001 

02326 

04640 

06944 

09238 

XI522 

13796 

16060 

18313 

«>557 

22791 

68 

46 

600040 

02364 

04679 

06983 

09277 

11560 

13834 

16097 

18351 

20594 

22828 

69 
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LOO.  SINE  SQUARE                       | 

80° 

81° 

82° 

83° 

8. 

-J*L 

0*    15' 

30' 

45' 

0' 

16' 

30' 

45' 

0' 

16' 

5'»23'" 

6h24» 

5»25" 

6»'26» 

5h27in 
9-6 

5h28n 

5h29B 

5»'30» 

5''31» 

5h32» 

5>'33'» 

'  't 

9-6 

9-6 

9-6 

9*6 

9-6 

9-6 

9'6 

9-6 

9-6 

9*6 

0  0 

22865 

25089 

27303 

29507 

31701 

33886 

36061 

38226 

40383 

42529 

44666 

0 

16 

22902 

25126 

27339 

29543 

31738 

33922 

36097 

38263 

40418 

42565 

44702 

1 

30 

22939 

25163 

27376 

29580 

31774 

33958 

36133 

38299 

40454 

42601 

44737 

2 

4o 

22977 

25200 

27413 

29617 

31811 

33995 

36169 

38335 

40490 

42636 

44773 

3 

1  0 

23014 

25237 

27450 

29653 

31847 

34031 

36206 

38371 

40526 

42672 

44808 

4 

15 

23051 

25274 

27487 

29690 

31884 

34067 

36242 

38407 

40562 

42708 

44844 

5 

30 

23088 

25311 

27524 

29727 

31920 

34104 

36278 

38443 

40598 

42743 

44880 

6 

45 

23125 

25348 

27560 

29763 

31956 

34»40 

36314 

38479 

40633 

42779 

44915 

7 

2  0 

23162 

25385 

27597 

29800 

31993 

34176 

36350 

38515 

40669 

42815 

44951 

8 

)5 

23199 

25422 

27634 

29837 

32029 

34213 

36386 

38551 

40705 

42850 

44986 

9 

30 

23*37 

25459 

27671 

29873 

32066 

34249 

36422 

38587 

40741 

42886 

45022 

10 

45 

»3*74 

25495 

27707 

29910 

32102 

34285 

36459 

38622 

40777 

42922 

45*57 

11 

3  0 

23311 

25532 

27744 

29946 

32139 

34322 

36495 

38658 

40813 

42957 

45093 

12 

15 

23348 

25569 

27781 

29983 

32175 

34358 

36531 

38694 

40848 

42993 

45128 

13 

30 

»3385 

25606 

27818 

30020 

32212 

34394 

36567 

38730 

40884 

43029 

45164 

14 

46 

X34»» 

25643 

27855 

30056 

32248" 

34430 

36603 

38766 

40920 

43064 

45199 

15 

4  0 

^3459 

25680 

27891 

30093 

32285 

344-67 

36639 

38802 

40956 

43100 

45235 

16 

16 

23496 

25717 

27928 

30129 

32321 

34503 

36676 

38838 

40992 

43136 

45270 

17 

30 

^3533 

25754 

27965 

30166 

32357 

34539 

36712 

38874 

41027 

43171 

45306 

18 

•15 

23570 

25791 

28002 

30203 

32394 

34576 

36748 

38910 

41063 

43207 

45341 

19 

5  0 

23607 

25828 

28038 

30239 

32430 

34612 

36784 

38946 

41099 

43243 

45377 

20 

15 

13645 

25865 

28075 

30276 

32467 

34648 

36820 

38982 

41135 

43278 

45412 

21 

30 

23682 

25902 

28112 

30312 

32503 

34684 

36856 

39018 

41171 

433  H 

45448 

22 

45 

23719 

25939 

28149 

30349 

32540 

34721 

36892 

39054 

41206 

43349 

45483 

23 

6  0 

23756 

25975 

28185 

30386 

32576 

34757  36928' 

39090 

41242 

43385 

45519 

24 

15 

*3793 

26012 

28222 

30422 

3261^3 

34793 

36964 

39126 

41278 

43421 

45554 

26 

30 

23830 

26049 

28259 

30459 

32649 

34829 

37000 

39162 

41314 

43456 

45590 

26 

45 

23867 

26086 

28296 

30495 

326S5 

34866 

37037 

39198 

41350 

43492 

45625 

27 

7  0 

23904 

26123 

28332 

30532 

32722 

34902 

37073 

39234 

41385 

43528 

45660 

28 

15 

23941 

26160 

28369 

30569 

32758 

34938 

37109 

39270 

41421 

43563 

45696 

29 

30 

23978 

26197 

28406 

30605 

32795 

34975 

37145 

39306 

41457 

43599 

45731 

SO 

45 

24015 

26234  28443 

30642 

32831 

35011 

37181 

39342 

41493 

43635 

45767 

31 

8  0 

24052 

26271 

28479 

30678 

32867 

35047 

37217 

39378 

41529 

43670 

45802 

32 

15 

24089 

26308 

28516 

30715 

32904 

35083 

37253 

39414 

41564 

43706 

45838 

33 

30 

24126 

26345 

2^553 

30751 

32940 

35120 

37289 

39449 

41600 

43741 

45873 

34 

45 

24164 

26381 

28590 

30788 

32977 

35156 

37325 

39485 

41636 

43777 

45909 

35 

9  0 

24201 

26418 

28626 

30824 

33013 

35192 

37361 

39521 

41672 

43813 

45944 

36 

15 

24238 

26455 

28663 

30861 

33049 

35228 

37397 

39557 

41707 

43848 

45980 

87 

30 

24275 

26492 

28700 

30898 

33086 

35265 

37434 

39593 

41743 

43884 

46015 

38 

46 

24312 

26529 

28736 

30934 

33122 

35301 

37470 

39629 

41779 

43919 

46050 

39 

10  0 

*4349 

26566 
26603 

28773 

30971 

33159 

35337 

37506 

39665 

41815 

43955 

46086 

40 

15 

24386 

28810 

31007 

33195 

35373 

37542 

39701 

41850 

43991 

46 12 1 

41 

30 

24423 

26639 

28846 

31044 

33231 

35409 

37578 

39737 

41886 

44026 

46157 

42 

45 

24460 

26676 

28883 

31080 

33268 

35446 

37614 

39773 

41922 

44062 

46192 

43 

11  0 

M497 

^6713 

28920 

31117 

33304 

35482 

37650 

39808 

41958 

44097 

46228 

44 

15 

H534 

26750 

28957 

3"53 

33341 

355»8 

37686 

39844 

41993 

44133 

46263 

45 

30 

*457i 

26787 

28993 

3  "90 

33377 

35554 

37722 

39880 

42029 

44169 

46298 

46 

46 

24608 

26824 

29030 

31226 

33413 

35590 

37758 

39916 

42065 

44204 

46334 

47 

12  0 

24645 

26861 

29067 

31263 

33450 

35627 

37794 

39952 

42 10 1 

44240 

46369 

48 

15 

24682 

26898 

29103 

31300 

33486 

35663 

37830 

39998 

42136 

44275 

46405 

49 

30 

24719 

26934 

29140 

31336 

33522 

35699 

37866 

40024 

42172 

44311 

46440 

50 

46 

24756 

26971 

29177 

31373 

33559 

35735 

37902 

40060 

42208 

44346 

46476 

61 

13  0 

24793 

27008 

29213 

31409 

33595 

35771 

37938 

40096 

42243 

44382 

46511 

62 

15 

24830 

27045 

29250 

3144-6 

33631 

35808 

37974 

40131 

42279 

44417 

46546 

53 

30 

24867 

27082 

29287 

31482 

33668 

35844 

38010 

40167 

42315 

44453 

46582 

64 

45 

24904 

271 19 

29323 

31519 

33704 

35880 

38046 

40203 

42351 

44489 

46617 

55 

14  0 

24941 

27155 

29360 

3J555 

33740 

35916 

38082 

40239 

42386 

44514 

46653 

56 

15 

24978 

27192 

29397 

31592 

33777 

35952 

38118 

40275 

42422 

44560 

46688 

57 

30 

25015 

27229 

29433 

31628 

33813 

35988 

38154 

40311 

42458 

44595 

46723 

58 

45 

25052 

27266 

29470 

31665 

33849 

36025 

38190 

40347 

42493 

44631 

46759 
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1                      LOG.  SINE  SQUARB 

83^ 

84° 

a5° 

86° 

t. 

30'    45' 

0' 

15' 

30' 

45' 

0* 

15' 

SO' 

45' 

0' 

5'' 34"  5»«35»'l5'»3«» 

/jh  37111 

5'»38'» 

b^99^ 

5h4o« 

S'Ul"' 

5'»42"' 

5h43«. 

5h44w 

/    0f 

96 

9*6 

9-6 

9-6 

9-6 

96 

9-6 

96 

9-6 

9-6 

9-6 

0    0 

46794 

489*3 

51022 

53122 
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57*94 
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48948 
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59401 
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30 
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4 

15 
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55386 

57467 

59539 

61602 

63655 

65700 
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5 

30 
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57502 

59573 

61636 

63690 
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4o 
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49159 
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55456 

57536 
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61670 
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7 
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47077 
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51302 

53401 

5549* 
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59642 

61705 
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8 

15 
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61739 
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9 

30 
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10. 

45 
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11 
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51442 
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57709 

59780 

61842 

63894 

65938 
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12 

id 

47*54 

49370 

51478 

53575 

55664 

57744 

598*5 

61876 

63929 

65972 

68007 

13 

30 

47*89 

49406 

5i5'3 

53610 

55699 

57779 

59849 

61910 

63963 

66006 

68041 

14 

45 

473*5 

49441 

5»S48 

53645 

55734 

57813 

59883 

61945 

63997 

66040 

68074 

15 

4  0 

47360 

49476 

5»583 

53680 

55768 

57848 

599*8 

61979 

64031 

66074 

68108 

W 

15 

47395 

49511 

51618 

53715 

55803 

57882 

5995* 

62013 

64065 

66108 

68142 

17 

30 

4743' 

49546 

5*653 

53750 

55838 

579*7 

59987 

62047 

64099 

66142 

68176 

18 

45 

47466 

49582 

51688 

53785 

55873 

5795* 

60021 

62082 

64*33 

66176 

68210 

19 

5  0 

47501 

49617 

51723 

53820 

55907 

57986 

60055 

62 1 16 

64167 

66210 

68243 

20 

15 

47537 

49652 

5'758 

53855 

5594* 

58021 

60090 

62150 

64201 

66244 

68277 

21 

30 

4757* 

49687 

5*793 

53889 

55977 

58055 

60124 

62184 

64236 

66278 
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22 

45 

47607 

49722 

51828 

539*4 

56012 

58090 

60159 

62219 

64270 

66312 

68345 

23 

(i  0 

47643 

49757 

51863 

53959 

56046 

58124 

60193 

62253 

64304 

66346 

68379 

24 

15 

47678 

49793 

51898 

53994 

56081 

58159 

60228 

62287 

64338 

66380 

68413 

26 

30 

47713 

49828 

5*933 

54029 

56116 

58193 

60262 

62321 

64372 

66414 

68446 

26 

45 

47749 

4986s 

51968 

54064 

56150 

58228 

60296 

6*356 

64406 

66448 

68480 

27 

7  0 

47784 

49898 

52003 

54099 

56185 

58262 

60331 

62390 

64440 

66482 

68514 

28 

15 

47819 

49933 

52038 

54*33 

56220 

58297 

60365 

62424 

64474 

66(^16 

68548 

251 

30 

47854 

49968 

52073 

54*68 

56254 

58332 

60400 

62458 

64508 

66550 

68582 

30 

45 

47890 

50003 

52108 

54*03 

56289 

58366 

60434 

62493 

64543 

665  84 

68615 

31 

H     0 

479*5 

50039 

52143 

54438 

56324 

58401 

604.68 

62527 

64577 

66617 

68649 

32 

15 

47960 

50074 

52178 

54*73 

56359 

58435 

60503 

62561 

646 1 1 

66651 

68683 

33 

30 

47996 

50109 

52213 

54308 

56393 

58470 

60537 

62595 

64645 

66685 

68717 

34 

45 

48031 

50*44 

52248 

54343 

56428 

58504 

60571 

62630 

64679 

66719 

68751 

35 

«  0 

48066 

50179 

52283 

54377 

56463 

58539 

60606 

62664 

647*3 

66753 

68784 

31; 

15 

48102 

50214 

52318 

544*2 

56497 

58573 

60640 

62698 

64747 

66787 

68818 

37 

30 

48137 

50249 

5*353 

54447 

5653a 

58608 

60675 

62732 

64781 

66821 

68852 

38 

45 

48172 

50285 

52388 

54482 

56567 

58642 

60709 

62767 

64815 

66855 

68886 

39 

10  0 

48207 

50320 

52423 

545*7 

56601 

58677 

60743 

62801 

64849 

66889 

6^1^ 

40 

15 

48243 

50355 

52458 

5455* 

56636 

58711 

60778 

62835 

64883 

66923 

68953 

41 

30 

48278 

50390 

5*493 

54586 

56671 

58746 

60812 

62869 

64917 

66957 

68987 

42 

45 

4^'3'3 

50425 

52528 

54621 

56705 

58780 

60846 

62903 

64951 

66991 

69021 

43 

ii  0 

48349 

50460 

52563 

54656 

56740 

58815 

60881 

62938 

64985 

67024 

69054 

44 

lb 

48384 

50495 

5*598 

54691 

56775 

58849 

60915 

62972 

65020 

67058 

69088 

45 

30 

48419 

50530 

5*6^3 

54725 

56809 

58884 

60949 

63006 

65054 

67092 

69122 

46 

45 

48454 

50566 

52668 

54760 

56844 

58918 

60984 

63040 

65088 

67126 

69156 

47 

IS  0 

48490 

50601 

52702 

54795 

56879 

58953 

61018 

63074 

65122 

67160 

69189 

48 

15 

485*5 

50636 

5*737 

54830 

56913 

58987 
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63109 

65156 

67*94 
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49 

m 

48560 

50671 

52772 

54865 

56948 

59022 

61087 

63*43 

65190 

67228 

69257 

60 

45 

48595 

50706 

52807 

54900 

56982 

59056 

61121 

63*77 

65**4 

67262 

69291 

61 
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48631 

50741 

52842 

54934 

57017 

5509* 

61156 

63211 

65258 

67296 

69324 

62 

15 

48666 

50776 

52877 

54969 

57052 

59125 

61190 

63245 

65292 

673*9 

69358 

63 

30 

48701 

56811 

52912 

55004 

57086 

59*60 

61224 

63280 

65326 

67363 

69392 

64 

45 

48736 

50846 

5*947 

55039 

57121 

59*94 

61259 

633*4 

65360 

67397 

69426 

66 
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48772 

50881 

52982 

55073 

57*56 

59**9 

61293 

63348 

65394 

67431 

69459 

66 

15 

48807 

50917 

53017 

55108 

57190 

59*63 

61327 

63382 

65428 

67465 

69493 

67 

30 

48842 

50952 

5305* 

55*43 

57*25 

59298 

61362 

63416 

65462 

67499 

69527 

68 

«5 

48877 

50987 

53087 

55*78 

57260 

5933* 

61396 

63450 

65496 

67533 

69561 
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s. 

15' 

30' 

46' 

0' 

15' 

30' 

1  45' 

0' 

15' 

30' 

46' 

5»»  45'» 

5»'46™ 

5h  47111 

r,b  48111 

6»»49» 

5>>50"» 

6'»51» 

6h  62"' 

b^&Z^ 

6'»54™ 
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9-6 

9-6 

9-6 

9-6 

9-6 

9-6 

9-6 

9*6 

9*6 

9-6 

9-6 

0  0 

69594 

71613 

73623 

75624 

77617 

79601 

81576 

83543 

85501 

87450 

89391 

0 

15 

69628 

71647 

73657 

75658 

77650 

79634 

81609 

83575 

85533 

87482 

89423 

1 

30 

69662 

71680 

73690 

75691 

77683 

79667 

81642 

83608 

85566 

87515 

89456 

2 

45 

69695 

71714 

737*3 

757*4 

77716 

79700 

81674 

83641 

85598 

87547 

89488 

3 
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69729 

71747 

73757 

75757 

77749 

79733 

81707 

83673 

85631 

87580 

89520 

4 

15 

69763 

71781 

73790 

75791 

77783 

79766 

81740 

83706 

85663 

87612 

89552 
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SO 

69797 

71815 

738*4 

75824 

77816 

79799 

8'773 

83739 

85696 

87644 

89585 

0 

45 
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71848 

73857 

75857 

77849 

7983* 

81806 

83771 

857*8 

87677 

89617 

7 
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69864 

71882 

73890 

75891 

77882 

79865 

81839 

83804 

85761 

87709 

89649 

8 

15 
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7i9'5 

739*4 

759*4 

779 '5 

79898 

81872 

83837 

85794 

87742 

89681 
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10 

30 

69931 

71949 

73957 

75957 

77948 
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81904 

83869 

85826 

87774 

89714 

45 

69965 

71982 

73991 

75990 

77981 

79963 

81937 

83902 

85859 

87806 

89746 

11 
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72016 

74024 

76024 

78014 
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83935 

85891 

87839 

89778 

12 

15 
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72049 

74058 

76057 

78047 

80029 
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83967 

85924 
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SO 
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87904 

89843 

14 

45 
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76123 

78114 

80095 

82068 

84033 

85989 

87936 
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4  0  70133 
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80128 
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88c66 
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20 
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72284 

74291 

76290 
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82232 

84196 
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15 
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76323 

7S312 

80293 

82265 

84229 

86184 

88130 

90068 

21 

30 

70336 
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74358 

76356 

78345 

80326 
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84261 
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22 

45 
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76389 
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82331 

84294 
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88195 
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70403 

72418 
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76422 

78411 

80392 
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843*7 

86281 

88227 

90165 

24 

15 

70437 

72452 

74458 

76456 

78445 

80425 

8239^ 

84359 

86314 

88260 

90197 
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30 

70470 

72485 

7449' 

76489 

78478 

80458 

82429 

84392 

86346 

88292 

90230 
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45 

70504 

72519 
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765*2 

78511 

80491 

82462 

844*5 
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88325 
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27 
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74558 
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80524 
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84457 

86411 
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15 

70571 

72586 

7459* 

76589 

78577 
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82528 

84490 

86444 

88389 
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30 

30 

70605 

72619 

74625 
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78610 

80589 

82560 
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86476 

8S422 
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45 
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72653 

74658 

76655 

78643 

80622 

82593 

84555 
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90391 

31 
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72686 

74692 

76688 

78676 

80655 

82626 

84588 
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32 

15 

70706 
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747*5 
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78709 

80688 

82659 
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86574 
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90455 

33 

30 
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74758 

76755 
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34 

45 
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76788 
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82724 
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86639 

88583 
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70807 
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78808 
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84718 

86671 

88616 
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15 
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74858 

76854 

78841 

80820 
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86704 

88648 

90584 

37 

30 

70874 

72887 

74892 

76887 

78874 

80853 

82822 

84784 

86736 

88680 

90616 
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45 

70908 

72921 

749*5 

76920 

78907 

80886 

82855 

84816 

86769 

88713 
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70941 

74954 
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76954 

78940 

80919 

82888 
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86801 
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40 
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72988 

74992 

76987 

78974 

80951 
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84881 
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41 

30 
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75025 

77020 

79007 

80984 

8*953 

84914 

86866 

88810 

90745 

42 

45 

71042  73054 

75058 

77053 

79040 

81017 

82986 

84947 

86899 

88842 

90777 

43 

11  0 

71076 

73088 

75092 

77086 

79073 

81050 

83019 

84979 

86911 

88874 

90809 

44 

15 

71109 

73121 

75125 

77120 

79106 

81083 

83052 

85012 

86963 

88907 

90841 

4A 

30 

7 1 143 

73»55 

75158 

77153 

79139 

81116 

8  3c  84 

85044 

86996 

88939 
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46 

4S 

71176 

73188 
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77186 
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8 1149 
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85077 
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88971 

90905 

47 
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73222 
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77219 

79205 
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83150 

85110 

87061 

89003 

90938 

48 
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71244 

73*55 

75*58 
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79238 

81x14. 

83183 

85142 
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49 

30 
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81247 

83215 

85175 
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50 

45 
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79304 

81280 

83*48 

85207 
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51 

13  0 

71344 

73356 

75358 

7735* 

79337 

81313 

83281 

85240 

87191 

89133 

91066 

52 

15 

71378 

73389 

7539' 

77385 

79370 

81346 

833'3 

85*73 

87223 

89165 

91099 

53 

30 

71412 

734*3 

754*5 

77418 

79403 

81379 

83346 

85305 

87255 

89197 

91131 

54 

45 

71445 

73456 

75458 

7745' 

79436 

81412 

83379 

85338 

87288 

89230 

91163 

55 

14  0 

7H79 

73489 

7549 » 

77484 

79469 

81445 

83412 

85370 

87320 

89262 

91195 

Mi 

15 
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735*3 

755*5 

77518 

79502 

81477 

83444 

85403 
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57 

30 

71546 

73556 
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8H77 

85435 

87385 
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58 

45 
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90° 

91° 

t. 

0'  1  16' 

30' 

45' 

0' 

15' 
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45' 

0* 

15' 
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b^66''^5^bT^ 
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5h69'» 
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6h  1- 

6«>  2- 
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&»  4» 
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6k  6- 
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6  4' 

15 
30 
45 

1  0 
15 
30 
45 

2  0 
15 

9-6 

91324 

91356 

91388 

91420 

91452 

91484 
91516 
91548 
91581 
91613 

9-6 
93248 
93280 
93312 

93344 
93376 
93408 
93440 

9347* 
93504 
93536 

9-6 
95'63 
95'95 
95**7 

95*59 
95291 

953*3 

95355 
95386 

95418 

95450 

9«6 

97071 

97'03 

97 '34 
97166 

97198 

97229 

97261 

97*93 
973*5 
97356 

698970 
699002 
699033 
699065 
699096 
699128 
699159 
69919 1 
699223 
699254 

9*7 
00861 

00892 

00924 

00955 

00987 
01018 
01049 
01081 
01112 
01144 

9*7 
02743 

02775 

02806 

02837 

02869 

02900 

02931 

02963 

02994 

03025 

9.7 

04618 
04649 
04680 
0471 1 
04742 

04774 
04805 

04836 

04867 

04898 

9'7 

08342 

08373 

08404 

08435 

08466 

08497 
08528 

08558 

08589 

08620 

9*7 
10192 

10223 

10254 

10285 

10315 

10346 

10377 
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10438 
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S 
4 
5 
6 

7 
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9 

SO 
45 

3  0 
15 
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45 

4  0 
15 
30 
45 

91645 
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91709 
91741 

9»773 
91805 

91838 

91870 

91902 

9>935 

93568 
93600 

9363* 
93664 

93695 
937*7 

93759 
93791 

93823 
93855 

9548* 
955'4 
95546 

95577 
95609 
95641 

95673 
95705 
95737 
95768 

97388 
97420 

9745' 
97483 
975'5 
97546 

97578 
97610 

97641 

97673 

699286 
699317 

699349 
699380 

699412 

699443 

699475 
699506 

699538 

699570 

01175 
01207 
01238 
01269 
01301 
01332 
01364 
01395 
01426 
01458 

03056 
03088 
03 1 19 
03150 
03182 
01213 
03244 
03275 
03307 
03338 
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04961 

04992 

05023 

05054 
05085 

05116 

05147 

05179 

05210 

06794 
06825 
06856 
06887 
06918 
06949 
06980 
07011 
07042 
07073 

08651 
08682 

08713 
08744 

08775 
08805 

08836 

08867 

08898 

08929 

10500 
105  3 1 
X0561 
10592 
X0623 
10653 
10684 
107 15 
10746 
10776 

10 
11 
12 
13 
14 
15 
16 

17 
18 
19 

20 
21 
22 
23 
24 
25 
26 

27 
28 

29 

5  0 
15 
30 
45 

6  0 
15 
30 
45 

7  0 
15 

91966 
91998 
92030 
92062 
92094 
92126 
92158 
92190 
92223 
92255 

93887 

939'9 

9395« 

93983 
94015 

94047 

94079 
94111 
94 '43 
94175 

95800 
95832 
95864 
95896 

959*7 

95959 

9599' 
96023 

96055 

96086 

96118 
96150 
96182 
96214 
96245 
96277 
96309 
96341 
96372 
96404 

97705 
97737 
97768 
97800 
97831 
9786^ 

97895 
97926 

97958 
97990 

699601 

69963 J 
699664 
699696 
699727 
699759 
699790 
699822 
699853 
699885 

01489 
01521 
01552 
01583 
01615 
01646 
C1678 
01709 
01740 
0177* 

03369 
03400 

03432 

03463 

03494 
03525 

03557 
03588 
03619 
03650 

05241 
05272 
05303 

05334 
05369 

05396 

05428 

05459 
05490 

05521 

07 104 

07'35 
07166 

07197 
07228 
07259 
072;^ 
07321 
07352 
07383 

08960 
08991 
09021 
09052 

09083 
09114 
09145 
09176 
09207 
09237 

10807 
10838 
10869 
10899 
10930 
10961 
10991 
1 1022 
1 1053 
1 1083 

30 
45 

B  0 
15 
30 
45 

9  0 
15 
SO 
45 

92287 
92319 

9*35' 
92383 

92415 

9*447 
92479 

925 II 

9*543 
9*575 

94207 
94239 

94*70 
94302 

94334 
94366 

94398 

94430 
94462 

94494 

98021 

98053 
98085 

98116 

98148 

98180 

982 1 1 

98243 

98*75 
98306 

699916 
699948 
699979 
700011 
700042 
700074 
700105 
700137 
700168 
700200 

01803 
01834 
01866 
01897 
01929 
01960 
01991 
02023 
02054 
020S5 

03682 

03713 

03744 

03775 
03807 

03838 

03869 

03900 

03932 

03963 

0555* 
05583 

05614 

05645 

05676 

05707 

05739 
05770 

05801 

05832 

07414 

07445 
07476 

07507 

07538 

07569 

07600 

07631 

07662 

07693 

09268 
09299 
09330 
C9361 
09392 
09422 

09453 
09484 
09515 
09546 

1 11 14 
11x45 
1 1 176 
11206 

11237 
11268 
1 1298 
11329 
11360 
11390 

30 
31 
32 
33 
34 
35 
36 

87 

38 
39 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

12  0 
15 

92607 
92639 
92671 
92703 

9*735 
92767 

92800 

92832 

92864 

92S96 

945*6 

94558 
94590 
94621 

94653 
94685 

94717 

94749 
94781 

94813 

96436 
96468 
96499 
96531 
96563 

96595 
96627 

96658 

96690 

96722 

98338 
98370 
98401 

98433 
98464 

98496 

98528 

98559 
98591 

98622 

98654 
98686 
98717 
98749 
98780 
98812 
98844 

98875 
98907 

98938 

700231 
700263 
700294 
700326 
700357 
700389 
700420 
700452 
700483 
700515 

02117 
C2148 
02179 
022 II 
02242 
02274 
02305 
02336 
02368 
02399 

03994 
04025 

04056 

04088 

04119 

04150 

041 8 1 

04212 

04244 

04275 

05863 
05894 
05925 
05956 
05987 
06018 
06049 
06080 
06 1 12 
06143 

07724 

07755 
07786 

07817 

07847 
07878 

07909 
07940 

07971 

08002 

09576 
09607 
09638 
09669 
09700 
09730 
09761 
09792 
09823 
09854 

11421 
1 1452 
11482 
11513 

"544 

i'574 
1x605 
11636 
1x666 
X1697 

40 
41 
42 
43 
44 
45 
48 

47 

48 
49 

50 
51 
58 
53 
64 
55 
66 

57 

58 
59 

30 
45 

IS  0 
15 
3) 
45 

14  0 
15 
30 
45 

92928 
92960 
92992 
93024 
93056 
93088 
93120 
93152 
93184 
93216 

94845 
94877 

94909 
94940 

9497* 
95004 

95036 

9506S 

95  ICO 

95'3* 

9^7  5A 
96785 
96817 

96849 
96881 
96912 
96944 
96976 
97007 

97039 

700546 
700578 
700609 
700641 
700672 
700702 
700735 
700766 
700798 
700829 

02430 
02462 

OH93 

02524 

0*556 
02587 
02618 

0264  V 
02681 
02712 

Q4306 

04337 
04368 
04400 

0443' 
044.62 

04493 
04524 

04556 
04587 

06174 
06205 
06236 
06267 
06298 
06329 
06360 
0639X 
06422 
06453 

08033 
08064 
08095 
08126 
08157 
08188 
08219 
08249 
08280 
08311 

09884 
09915 

09946 

09977 
X0008 

10038 

10069 

lOICO 

IOI3I 
10I6I 

11728 

11758 
1x789 
1x820 
X1850 
ii88r 
11912 
11942 

"973 
12004 
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LOO.  SINE  SQUARE 

9P 

92°        1 

93° 

94° 

B. 

45' 

& 

15' 

30* 

45' 

0'    16' 

30* 

45' 

if 

15' 

ehym 

6h8« 

GhQUI 

6»'ia» 

6M1- 

6»»12» 

6»'  IS" 

6hl4m 

6hl5>» 

6»>16» 

8M7" 

O'  0 
15 
30 
45 

1  0 
15 
30 
45 

8  0 
15 

97 
12034 

12065 

12095 

X2126 

12x57 

12 1 87 

12218 

12249 

12279 

123x0 

97 
13868 

13899 

139*9 
13960 

13990 

14021 

14051 

14082 

14112 

1414a 

15694 

157*5 
15755 
15785 

15816 
15846 

15876 
15907 

15937 
15967 

97 
17512 

17542 

17573 
17603 

17633 
17663 

17693 

177*4 
17754 
17784 

97 
19322 

19352 

X9382 

19412 

19443 

19473 
19503 

19533 
19563 
19593 

97 
21124 

21x54 

21 184 

2x214 

2x244 

21274 

21304 

21334 

21364 

21394 

97 
22919 

22949 
22978 
23008 
23038 
23068 
23098 
23128 
23157 
23187 
23217 

23*47 
23277 
23306 
23336 
23366 
23396 
23426 

*3455 
23485 

97 

24705 

*4735 
24765 

*4794 
24824 

24854 

24883 

*49i3 
24943 

*4973 

97 

26484 

26514 

26543 

26573 

26602 

26632 

26661 

26691 

26721 

26750 

26780 
26809 
26839 
26868 
26898 
26927 
26957 
26987 
27016 
27046 

97 
28255 
28284 
283x4 

28343 
28373 

28402 

28432 

28461 

28490 

28520 

97 
30018 

30047 

30077 

30106 

30135 
30165 

30194 
30223 

30253 
30282 

0 

1 

8 
8 

4 

5 

6 

7 
8 
9 

30 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
45 

12340 
1237X 
X2402 
12432 
12463 
12493 
12524 

"55S 
X2585 

12616 

14173 
14203 

14134 
14264 

14295 

143*5 
143|6 
14386 

14417 
14447 

15998 

16028 
16058 
16089 
I6I19 

16149 

16180 
16210 
16240 
16271 

17814 
17845 

17875 
17905 

17935 
17965 

17996 

18026 

18056 

18086 

19623 

19653 
19683 

19713 

19743 

19773 
19804 

19834 

19864 

19894 

2x424 

*1454 
21484 

215x4 

*1544 
21574 

21604 

21634 

21664 

21693 

25002 
25032 
25062 
25091 
25121 
25151 
25180 
25210 
2524X) 
25270 

28549 

28579 
28608 

28638 

28667 

28696 

28726 

28755 

28785 

28814 

30311 
30341 
30370 

30399 
30428 

30458 
30487 
30516 

30546 
30575 

10 
11 
19 
13 
14 
15 
16 

17 
18 
19 

5  0 
15 
30 
45 

0  0 
15 
30 
45 

7  0 
15 

12646 
X2677 
12708 
12738 
12769 
12799 
X2830 
12860 
12891 
12922 

14478 
14508 

14539 
14569 

14599 
14630 

14660 

14691 

14721 

14752 

I630X 

16331 

16362 
16392 
16422 

16453 

16483 

16513 
16544 

16574 

18116 
18x47 

18x77 
X8207 

18237 

18267 

18*97 
X8328 

18358 
X8388 

199*4 

'9954 
19984 
20014 
20044 
20074 
20104 
20134 
20164 
20194 

21723 
21753 
21783 
21813 
2x843 
21873 
21903 
2x933 
21963 
2x993 

*35i5 

*3545 

*3575 
23604 

23664 
23694 
23724 

*3753 
23783 

25299 

*53*9 
25358 

25388 

25418 

*5447 

*5477 
25507 

*5536 
25566 

27075 
27105 

*7i34 
27164 

27193 
27223 
27252 
27282 
27311 
*734i 

28843 
28873 
28902 
28932 
28961 
28990 
29020 
29049 
29079 
29108 

30604 
30633 
30663 
30692 
30721 
30751 
30780 
30809 
30838 
30868 

20 
81 
22 
28 
24 
95 
26 

27 
28 

20 

80 
45 

8  0 
15 
80 
45 

9  0 
15 
80 
45 

12952 
12983 
13013 

13044 

13074 
13105 

13136 

1 3 166 

13197 
13W7 

14782 

14813 

14843 
14873 

14904 

14934 
14965 

14995 
15026 

15056 

16604 
16634 

16665 

16695 

16725 

16756 
16786 
16816 
16846 

16877 

18418 
18448 

18479 
18509 

18^39 
18569 

18599 
18629 

18659 

18690 

20224 
20254 
20284 
20314 
20344 
20374 
20405 

*0435 
20465 

20495 

22023 
22052 
22082 
22x12 
22142 
22172 
22202 
22232 
22262 
22292 

23813 
23843 
23872 
23902 
23932 
23962 
23992 
24021 
24051 
24081 

25596 
25625 

25685 

*57i4 

*5744 
25773 

25803 

*5833 
25862 

27370 
27400 
27429 

*7459 
27488 

27518 

*7547 
27577 
27606 
27636 

29x37 
29167 
29196 
29226 

29*55 
29284 

29314 

29343 

29373 
29402 

30897 
30926 

30955 
30985 
31014 
31043 

31072 
31102 
31131 
31160 

30 
81 
32 
33 
34 
35 
36 

87 

38 
38 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

10  0 
15 
SO 
46 

11  0 
15 
30 
46 

18  0 
15 

13258 

13288 

13319 

13349 
13380 

13411 

13441 

»347» 
13502 

13533 

15086 

15117 
15147 
15178 
15208 
15238 
15269 
15299 

15330 
15360 

16907 

16937 

16967 
16998 
17028 

17058 

17089 

17119 

17149 
17179 

18720 

18750 
18780 

18810 

18840 

18870 

18901 

18931 

18961 

18991 

20525 
20555 
20585 
20615 
20645 
20675 
20705 
20735 
20765 
20795 

22322 
22351 
22381 
22411 
22441 
■22471 
22501 
22531 
22560 
22590 

241 1 1 
24140 
24170 
24200 
24230 
24259 
24289 

*43i9 

*4349 
24378 

25892 
25922 
25951 
25981 
260x0 
26040 
26070 
26099 
26129 
26x58 

27665 
27695 

27724 

*7754 
27783 

27813 

27842 

27872 

27901 

27931 

29431 
29461 
29490 
29519 

29549 
29578 

29607 

29637 

29666 

29695 

31189 
31219 

31248 
31277 
31306 

31335 
31365 

31394 
31423 

3145* 

30 
45 

18  0 
16 
80 
45 

14  0 
15 
30 
45 

13563 

13594 
13624 

13685 
13716 

13746 

13777 
13807 

13838 

15390 
15421 

15451 
15481 

15512 
1554* 

15573 
15603 

15633 

15664 

I72IO 
17240 
17270 

17300 

17331 
17361 

17391 
17421 

17452 

17482 

19021 

19051 
19081 
X9XX1 

19141 
19x72 

X9202 

19232 

19262 

19292 

20825 
20855 
20885 
20915 
20945 
20975 
21004 
21034 
21064 
21094 

22620 
22650 
22680 
22710 
22740 
22769 
22799 
22829 
22859 
22889 

24408 

*4438 
24468 

*4497 
24527 

*4557 
24586 

24616 

24646 

24676 

26188 
262x8 
26247 
26277 
26306 
26336 
26366 
26395 
26425 
26454 

27960 
27990 
28019 
28049 
28078 
28108 
28137 
28166 
28196 
28225 

29725 

29754 
29783 

29813 

29842 

29871 

29901 

29930 

29959 
29989 

31482 

31511 

31540 
31569 

31598 
31628 

31657 
31686 

31715 
31744 

50 
51 
52 
53 
54 
55 
5G 

57 
58 

59 
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LOU.  SINE  SQUARE                       | 

94° 

95^ 

96° 

97° 

s. 

SO* 

45' 

0* 

15' 

SO' 

46' 

0* 

15' 

SO' 

45' 

0' 

6hi8"> 

ghigiu 

6»»20~ 

eh  21™ 

6«»22'» 

6«»23» 

6h24" 

6»'26'» 

6»«26»» 

6«i27» 

6*28" 

0  S 
15 
80 
46 

1  0 
16 
30 
45 

9  0 
15 

9*7 

3*774 
31803 

31832 

31861 

31890 

31920 

3 '949 
31978 

32007 

32036 

9*7 

335*« 

33551 

33580 

33609 

33638 

33667 

33696 
337*5 
33754 
33783 

35*6* 

35*9« 
353*0 

35349 
3537:* 
35406 

35435 

35464 

35493 
35522 

36994 
37023 

37052 

37081 

37110 

37138 
37167 
37196 
37225 

37254 

9*7 
38719 

38748 

38777 
38805 

38834 
38863 

38892 

38920 

38949 
38978 

97 

40437 
40465 

40494 

40523 

40551 
40580 

40608 

40637 
40665 
40694 

9*7 
42147 

42175 

42204 

42232 

42261 

4**89 

4*317 
42346 

4*374 
42403 

9*7 
43849 

43878 
43906 

43934 

43963 

43991 
44019 

44048 

44076 

44104 

9*7 

45544 

45573 
45601 

45629 
45657 
45685 
45713 
4574* 
45770 
45798 

97 
47232 

47260 
47288 
47316 
47344 
47372 
47400 

47428 
47456 
47485 

9*7 
48912 

48940 
48968 
48996 
49024 
49052 
49080 
49108 
49136 
49164 

0 

1 
9 
3 
4 
6 
« 

7 
8 
9 

30 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
45 

32066 
32095 
32124 

3»»53 
32182 

3221 1 

32241 

32270 

32299 

32328 

33812 

33841 
33870 

33899 
339*8 
33957 
33986 
34015 

34044 
34073 

35551 
35580 

35609 
35638 
35667 

35696 
357*4 

35753 
35782 
35811 

37282 

373" 
37340 

37369 
37397 
374*6 
37455 
37484 
37513 
37541 

39006 

39035 
39063 

39092 

39121 

39»49 
39178 

39207 

39*35 
39*64 

40722 
40751 
40780 
40808 

40837 
40865 

40894 
40922 
40951 
40979 

4*431 
42460 

42488 
4*516 
4*545 

4*573 
42602 

42630 

4*658 
42687 

44132 
44161 

44189 

44*17 

44*46 

44*74 
44302 

44330 

44359 
44387 

45826 

45854 
45883 
45911 
45939 
45967 

45995 
46023 

46051 

46080 

47513 
47541 
47569 

47597 
47625 

47653 
47681 

47709 
47737 
47765 

49192 
49219 

49H7 
49*75 
49303 
49331 
49359 
49387 
49415 
49443 

10 
11 
19 
13 
14 
15 
16 

17 
18 
19 

6  0 
15 
30 
45 

6  0 
16 
30 
45 

7  0 
16 

3*357 
3*386 

3*4"  5 

3*445 

3*474 
32503 

32532 

32561 

32590 

3*619 

34102 
34131 
34160 
34189 
34218 
34248 

34*77 
34306 

34335 
34364 

35840 
35869 

35898 

359*7 

35956 

35985 
36013 

36042 

36071 

36100 

37570 

37599 
37628 

3-656 

37685 

37714 
37743 
37772 
37800 
37829 

39*93 
39321 

39350 

39379 
39407 

39436 

39465 

39493 
39522 

3955> 

4100S 
41036 
41065 
41093 
41122 
41150 
41179 
41207 
41236 
41264 

4*715 

4*744 

4*77* 
42800 

42829 

4*857 
42885 

4*914 
42942 

42971 

44415 
44443 
44472 
44500 
445*8 
44557 
44585 

44613 
44641 

44670 

46108 

46136 
46164 
4619& 
46220 
46249 

46277 
46305 

46333 
46361 

47793 
47821 

47849 

47877 

47905 

47933 

47961 

47989 
48017 

48045 

48073 
48101 

48129 
481J7 

48185 
48213 
48241 
48269 
48297 

483*5 

49471 

49499 
49526 

49554 
49582 
49610 

49638 
49666 

49694 
49722 

20 
91 
99 
23 
94 
96 
96 

97 
98 
99 

30 
46 

8  0 
15 
80 
46 

9  0 
15 
SO 
45 

3*649 
32678 

32707 

32736 

3*765 

3*794 
32S23 

32852 

32882 

32911 

34394 

344** 

3445" 

34479 

34509 

34537 

34567 

34590 
34625 

34654 

36129 
36158 

36187 
36216 

36244 
36273 
36302 
36331 
36360 
36389 

37858 
37887 

379  >  5 

37944 

37973 
38002 

38030 

38059 
38088 
38117 

39579 
39608 

39636 
39665 

39694 
39722 

3975  > 

39779 
39808 

39837 

41293 
41321 

41350 
41378 

41407 

41435 

41464 
41492 

415*1 
41549 

4*999 
43027 
43056 

43084 
43112 

43141 
43169 
43198 
43226 

43*54 

44698 

44726 

44754 
44783 
44811 

44839 
44867 
44896 

449H 
4495* 

46389 

46417 

46445 

46473 
46502 

46530 

46558 
46586 
46614 
46642 

49750 

49778 

49805 

49833 
49861 

49889 

49917 

49945 

49973 
50000 

90 
31 
89 
88 
34 
35 
36 

57 
38 
38 

10  0 
15 
30 
45 

11  0 
16 
30 
46 

13  0 
16 

32940 

3*969 
3*998 
33027 
33056 
33085 

33"4 

33143 

33173 
33202 

34682 
34711 

34740 
34769 
34798 
34827 
34856 

34885 
349  »4 
34943 

36418 
.364*7 

36475 
36504 

36533 
36562 

36591 

36620 

36648 

36677 

38145 

38174 
38203 

38231 

38260 

38289 

38318 

38346 

38375 
38404 

39865 

39894 
39922 

39951 
39980 

40008 

40037 
40065 

4«>94 
40123 

41578 
41606 

41635 
41663 
41692 
41720 

41749 
41777 
41805 

41834 

43*83 

43311 

43339 
43368 

43396 
434*4 
43453 
43481 
43509 
43538 

44980 
45009 

45037 
45065 

45093 
45121 

45150 
45178 
45206 

45*34 

46670 
46698 

46727 

46755 
46783 
4681 1 
46839 

46867 
46895 

46923 

48353 
48381 

48409 

48437 

48465 

48493 
48521 

48549 

48577 
48605 

50028 
50056 
50084 
501 12 
50140 
50168 
50195 
50223 
50251 
50279 

40 
41 
49 
43 
44 
45 
46 

47 
48 
49 

30 
46 

13  0 
16 
30 
45 

14  0 
16 
SO 
46 

33*3" 
33*60 

33*89 
33318 

33347 

33376 

33405 

33434 

33463 

3349* 

3497* 
35001 

35030 

35059 
35088 

35"7 
35146 

35»75 
35*04 
35*33 

36706 

36735 
36764 

36793 
36821 

36850 

36879 
36908 

36937 
36966 

3843* 
38461 

38490 
38519 

38547 
38576 

38605 

38633 

38662 

38691 

40151 
40180 

40208 

40266 
40294 
40323 

40351 
40380 

40408 

41862 

41891 
41919 
41948 
41976 
42005 

4*033 
42062 

42090 

42118 

43566 

43594 
43623 

43651 

43679 

43708 

43736 

43764 

43793 
43821 

45*6* 
45*91 
45319 
45347 
45375 
45403 

4543* 
45460 
45488 
45516 

46951 
46979 
47007 
47036 
47064 

47093 
47120 

47148 

47176 

47204 

48633 
48661 

48689 

48717 

48745 

48773 
48800 

48828 

48856 

48884 

50307 

50335 
50362 

50390 

50418 
50446 

50474 
50502 

505*9 

50 
51 
59 
58 
54 
56 
56 

87 
58 
50 
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IX)0.  SINB  SQUARE                      | 

970      j 

«8°       1 

99° 

f. 

15' 

^ 

45' 

0' 

15'   W 

45' 

0* 

15' 

80' 

45^ 

0^S9- 

8»30« 

6»»3l- 

e»»S2» 

OhSS" 

«»'34» 

G»'»5» 

ei'de- 

6»'37" 

ohsa- 

O^iSO- 

1      n 

9*7 

9*7 

9'7 

9*7 

9*7 

9'7 

9*7 

9*7 

9"7 

9-7 

97 

•  0 

50585 
50613 

51251 

53909 

55560 

57*03 

58840 

60469 

62091 

63706 

65314 

66914 

0 

15 

51178 

53936 

55587 

57*3 « 

58867 

60496 

62118 

63733 

65340 

66941 

1 

90 

50641 

51306 

53964 

55615 

57*58 

58894 

60523 

62145 

63760 

65367 

66968 

s 

46 

50669 
50696 

5*334 

5399* 

55642 

47*85 

589*1 

60550 

62171 

63786 

65394 

66994 

8 

1  0 

51361 

54019 

55670 

57313 

«5^ 

60577 

611^ 

63813 

654*1 

67011 

4 

15 

507x4 

51389 

54047 

55697 

57340 

58976 

60604 

61116 

63840 

65447 

67047 

5  . 

35 

5075a 

51417 

54074 

557*4 

57367 

59003 

60631 

62253 

63867 

65474 

67074 

« 

46 

507S0 

5*444 

54102 

5575* 

57395 

59030 

60659 

62280 

63894 

65501 

67101 

7 

8  • 

50808 

5*47* 

54**9 

55779 

574** 

59057 

60686 

61307 

639*1 

65527 

67117 

6 

15 

50835 

51500 

54157 

55807 

57449 

59085 

60713 

62334 

63948 

65554 

67154 

9 

SO 

50863 

5*5*7 

54184 

55834 

57477 

591 12 

60740 

61361 

63974 

65581 

67180 

10 

45 

50891 

5»555 

54111 

55862 

57504 

59*39 

60767 

62388 

64001 

65608 

67107 

11 

3  0 

50919 

5*583 

54140 

55889 

57531 

59166 

60794 

62415 

64018 

65634 

67234 

12 

15 

50947 

52611 

54*67 

55916 

57558 

59193 

60821 

62442 

64055 

65661 

67260 

13 

30 

50974 

51633 

54*95 

55944 

57586 

59221 

60848 

62468 

64082 

65688  67187 1 

14 

45 

5x001 

51666 

54311 

55971 

57613 

59*48 

60875 

61495 

64108 

65714 

67313 

15 

4  0 

51030 

51694 

54350 

55999 

57640 

59*75 

60902] 

61522 

64135 

65741 

67340 

16 

15 

51058 

51711 

54377 

56026 

57668 

59302 

60929 

62549 

64162 

65768 

67367 

17 

30 

51085 

5*749 

51776 

54405 

56054 

57695 

593*9 

60956 

61576 

64189 

65795 

67393 

18 

45 

51113 

5443* 

56081 

57722 

59356 

60983 

61603 

64216 

65821 

67420 

19 

6  0 

51141 

52804  544.60 1 

56108 

57750 

59384 

61010 

61630 

64*43 

65848 

6744.6 

20 

15 

51169 

52832 

54487 

56136 

57777 

59411 

61038 

62657 

64269 

65875 

67473 

21 

30 

5  "97 

51859 

545 » 5 

56163 

57804 

59438 

61065 

61684 

64196 

65901 

67499 

22 

46 

51124 

51887 

54543 

56191 

57831 

59465 

61092 

61711 

643*3 

659*8 

67526 

23 

6  0 

51152 

52915 

54570 

56118 

57859 

59492 

61^19 

61738 

64350 

65955 

67553 

24 

15 

51180 

51941 

54598 
54625 

56245 

57M6 

59519 

61146 

61765 

64377 

65981 

67579 

25 

30 

51308 

5*970 

56273 

579  "3 

59547 

61173 

61792 

64403 

66008 

67606 

26 

45 

5n35 

5*998 

54653 

56300 

57941 

59574 

61200 

62819 

64430 

66035 

67632 

27 

7  0 

51363  53015 

54680 

56328 

57968 

59601 

61227 

62845 

64457 

66061 

67659 

28 

16 

51391  53053 

54708 

56355 

57995 

59628 

61254 

62872 

64484 

66088 

67685 

29 

30 

5»4«9 

53081 

54735 

56382 

58022 

59655 

61281 

62899 

64511 

66115 

67712 

30 

46 

5«447 

53108 

54763 

56410 

58050 

59682 

61308 

61916 

64537 

66141 

67739 

31 

«  0 

5»474 

53136 

54790 

56437 

58077 

59710 

61335 

61953 

64564 

66168 

67765 

32 

15 

51501 

53164 

54818 

56465 

58104 

59737 

61362 

62980 

64591 

66J95 

67792 

33 

SO 

51530 

53X9> 

54845 

56492 

58131 

59764 

61389 

63007 

64618 

66221 

67818 

34 

45 

51558 

53119 

54873 

56519 

58159 

59791 

61416 

63034 

64645 

66248 

67845 

35 

9  0 

51585 

53146 

54900 

56547 

58186 

59818 

61443 

63061 

64671 

66275 

67871 

86 

15 

51613 

53*74 

549*8 

56574 

58113 

59845 

61470 

630S8 

64698 

66302 

67898 

37 

80 

'X 

53301 

H955 

56602 

58241 

59872 

61497 

63115 

64725 

66328 

67924 

38 

45 

533*9 

54983 

56619 

58268  1  59900 

61524 

63141 

6475* 

66355 

67951 

38 

10  0 

51696 

53357 

55010 

56656 

58295 

599*7 

6155J 

63168 

64778 

66382 

67977 

40 

15 

51714 

53385 

55038 
55065 

56684 

58322 

59954 

61578 

63195 

64805 

66408 

68004 

41 

30 

5>75» 

5341* 

56711 

58350 

59981 

61605 

63222 

64832 

66435 

68031 

42 

45 

51779 

53440 

55093 

56738 

58377 

60008 

61632 

63249 

64859 

66462 

68057 

43 

11  0 

51807 

53467 

55120 

56766 

58404 

60035 

61659 

63276 

64886 

66488 

68084 

44 

15 

5^835 

53495 

55148 

56793 

58431 

60062 

61686 

63303 

64912 

66515 

68110 

45 

30 

51863 

535*3 

55175 

56810 

58459 

60089 

61713 

63330 

64939 

66541 

68137 

46 

45 

51890 

53550 

55*03 

56848 

58486 

601 17 

61740 

63357 

64966 

66568 

68163 

47 

IS  0 

51918 

53578 

55*30 

56875 

58513 

60144 

61767 

63384 

64993 

66595 

68190 

48 

16 

51946 

53605 

55*58 

56903 

58540 

60171 

61794 

63410 

65019 

66621 

68216 

49 

30 

5»974 

53633 

55*85 

56930 

58568 

60198 

6 181 1 

63437 

65046 

66648 

68243 

50 

45 

5100X 

53661 

5531* 

56957 

58595 

60225 

61848 

63464 

65073 

66675 

68169 

51 

13  0 

51029 

53688 

55340 
55367 

56985 

58622 

60252 

61875 

63491 

65 100 1 6670  X 

68196 

5S 

16 

52057 

53716 

57011 

58649 

60179 

61901 

63518 

65126 

66728 

68311 

53 

30 

51084 

53743 

55395 

57039 

58676 

60306 

61929 

63545 

65153 

$!755 
66781 

68349 

54 

45 

51111 

53771 

554** 

57067 

58704 

60333 

61956 

63571 

65180 

68375 

*5 

14  0 

52140 

53799 

55450 

57094 

58731 

60361 

61983 

63598 

65207 

66808 

68401 

56 

15 

52167 

53816 

5H77 

57121 

58758 

60388 

62010  63625 

65*33 

66834 

68418  57 

30 

5»"95 

53854 

55505 

57149 

58785 

60415 

62037  63652 

65260166861 

68455  58 

4.1 

52223 

53881 

5553* 

57176 

58813  1 60441 

1  62064  63679 1  65287  1  66888 

68481   59 
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TABLE  69 


LOO.  8INB  SQUARE                       | 

100° 

101° 

102° 

f. 

6^ 
e^40" 

ly 

30' 

45' 

0' 

15' 

SO' 

45' 
«h47- 

0* 

15' 

30^ 

6^41« 

6»i42'» 

6I>43" 

0^44- 

6»»46'" 

6^46'- 

6»'48»»  flfc49" 

«hM- 

0  0 
15 
So 
45 

1  0 
15 
30 
45 

2  0 
15 

9*7 
68508 

68534 

68561 

68587 

68614 

686^ 

68667 

68693 

68720 

68746 

9*7 
70094 

70121 

70147 

70174 

70200 

70226 

70253 

70279 
70305 

70332 

71674 
71700 
71726 

7x753 
71779 

71805 

71832 

71858 

71884 

71910 

73246 

73*73 

73*99 

733*5 

7335* 

73377 
73403 

73430 
73456 
7348* 

97 
74812 

74838 
74864 
74890 
749x6 

7494* 
74968 

74994 
75020 

75046 

76371 

76397 
76423 

76448 

76474 
76500 

76526 

76552 

76578 

76604 

97 
77922 

77948 

77974 
78000 

78026 

78051 

78077 

78103 

78129 

78155 

9.7 

79467 
79493 
795x9 
79544 
79570 

79596 
79621 

79647 
79673 

7^698 

97 
81005 

81031 

81056 
81082 
81107 

8x133 

81184 
81210 
8x235 

81261 
81286 
81312 
81338 

81363 
81389 

81414 

81440 

8x465 
8149X 

9-7  ^ 
82536 

82562 

8*587 
82613 

82638 

82664 

82689 

82714 

82740 

82765 

9'7 
84061 

84086 

84111 

84137 

84162 

84187 
84212 
84238 
84263 
84289 

0 

1 
2 
3 
4 
5 
6 

7 
8 

9 

30 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
45 

68773 
68799 

68826 

68852 

68879 

68905 

68932 

6895S 

68985 

69011 

70358 
70385 
70411 

70437 
70464 

70490 

70516 

70543 
70569 

70595 

71936 
71963 
71989 
72015 
72042 
72068 
72094 
72120 
72146 
72173 

73508 

73534 
73560 

73586 
73612 

73639 
73665 

73691 

737x7 
73743 

75072 

75098 

75»*4 
75150 

75x76 
75*02 
75228 

75*54 
75*80 
75306 

76630 
76656 
76682 
76707 

76733 

76759 
76785 

76811 

76837 
76863 

78180 
78206 
78232 

78*58 
78284 

78309 

78335 
78361 

78387 
78412 

797*4 
79750 

79775 
79801 

79827 

79852 

79878 
79904 

799*9 
79955 

82791 
82816 
82842 
82867 

8*893 
82918 

8*943 
82969 

8*994 
83020 

843x4 

84339 

84365 

84390 

84415 

84441 
84466 

84491 
84516 

84542 

10 
11 
12 
IS 
14 
15 
16 

17 
18 
19 

5  0 
15 
30 
45 

6  0 
15 
30 
45 

7  0 

15 

69064 
69090 
69117 
69143 
69170 
69196 
69223 
69249 
69276 

70622 
70648 
70674 
70701 
70727 

70753 
70780 

70806 

70832 

70859 

72199 

72225 
72251 
72278 
72304 
72330 
72356 
72382 
72409 

7*435 

73769 
73795 
738*1 
73847 

73874 
73900 

73926 

7395* 
73978 

74004 

7533* 
75358 

75384 
75410 

75436 
75462 

75488 

755x4 

75566 

76889 
76915 

76940 
76966 
76992 
77018 

77044 
77070 

77096 

77122 

78438 
78464 

78490 

78515 
78541 

78567 

78593 
78618 

78644 

78670 

79981 
80006 
80032 
80058 
80083 
80109 
80134 
80160 
80186 
8021 1 

81516 

8154* 

81567 

8x593 
81618 

81644 

81669 

81695 

81721 

81746 

83045 
83071 

83096 

83121 

83147 
83172 

83198 

83223 

83248 

83274 

84567 

8459* 
84618 

84643 
84668 

84694 
847x9 

84744 
84770 

84795 

20 
21 
22 

23 
24 
25 
26 

27 
28 
29 

30 
45 

8  0 
15 
30 
45 

0  0 
15 
30 
45 

69302 
69329 

69355 
69381 

69408 

69434 

69461 

69487 
69514 
69540 

70885 
70911 
70918 
70964 
70990 
71017 
7x043 
71069 
71096 
71122 

72461 
72487 

7*5  H 
72540 

72566 

72592 

72618 

72645 

72671 

72697 

74030 
74056 

74082 

74108 

74x35 
74x61 

74187 

74*X3 

74*39 
74265 

7559* 
756x8 

75644 
75670 
75696 

757** 
75748 

75774 
75800 

75826 

77x47 
77173 

77x99 
77**5 
77*5  X 
77*77 

77303 
77328 

77354 
77380 

78696 

787*1 

78747 

78773 

78799 
78824 

78850 

78876 

78902 

789*7 

80237 
80263 
80288 
80314 
80340 
80365 
80391 
80416 
80442 
K0468 

81772 

8x797 
81823 

81848 

81874 

81899 

81925 

81950 

81976 

82001 

83299 

833*5 
83350 

83375 
83401 
83426 

8345* 
83477 
83502 

83528 

84820 

84845 

84871 
84896 

84921 

84947 

8497** 

84997 
85022 

85048 

30 
31 
32 
33 
34 
35 
36 

37 
38 
39 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

12  0 
15 

69566 

69619 
69646 
69672 
69698 
69725 
69751 

69778 
69804 

71148 

71175 

7 120 1 

71227 

7"53 
71280 

71306 

7133* 
71359 
71385 

72723 

7*749 

7*775 
72802 

72828 

72854 

72880 

72906 

7*933 
7*959 

74291 

74317 
74343 
74369 
74395 
744*  X 
74447 

74473 
74500 

745*6 

7585* 
75878 

75904 
75930 

75956 

'& 

76034 
76060 
76085 

77406 

7743* 

77458 

77483 

77509 

77535 
77561 

77587 
776x3 
77638 

78953 
78979 
79005 
79030 

79056 
79082 

79x07 

79x33 

79159 
79184 

80493 

805x9 
80544 
80570 
80596 
80621 
80647 
80672 
80698 
80724 

82027 
82052 
82078 
82103 
82129 

82154 
82180 
82205 
82231 
82256 

83553 

83579 
83604 

83629 

83655 
83680 

83705 
8373  X 
83756 
83782 

85073 
85098 

851*3 
85149 
85x74 
85199 

85224 
85250 

85*75 
85300 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

30 
45 

13  0 
15 
30 
45 

14  0 
15 
30 
45 

69831 

69857 
69883 
69910 
69936 
69962 
69989 
70015 
70042 
70068 

7 141 1 

71437 
71464 

71490 

71516 

71543 
71569 

71595 
71621 
71648 

7*985 
73011 

73037 
73063 

73090 

73116 

73142 

73168 

73x94 
73220 

7455* 
74578 
74604 
74630 
74656 
74682 
74708 

74734 
74760 

74786 

76111 

76137 
76163 

76189 

76215 

76241 

76267 

76293 

76319 

76345 

77664 

77690 
777x6 

7774* 
77768 

77793 
77819 

77845 
77871 
77897 

79210 
79236 
79262 

79*87 

793x3 

79339 

79364 

79390 
79416 

7944* 

80749 

80775 
80799 

80826 

80852 

80877 

80903 

80928 

80954 

80980 

82282 
82307 
82333 

8*358 
82384 
82409 

8*434 
82460 

82485 

8251 1 

83807 
83832 

83853 
83883 
83908 

83934 

83959 
83985 
84010 
84035 

853*6 

85351 

85376 
85401 

«54»7 

8545* 

85477 
85502 

855*8 
85553 

50 
51 
52 
53 
54 
55 
56 

57 
58 
59 
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TABLE  69 

819 

LOO.  SING  SQUARE                        | 

102- 

103^ 

104^ 

105° 

s. 

45' 

0' 

45'   30' 

45'  ' 

H' 

16' 

30' 

46' 

0' 

15' 

ghfiln 

6h62" 

6-«»63"» 

6»64'» 

0*65« 

^56- 

«i.6ym 

e«'68" 

ah&o- 

yho- 

^h   |m 

/     M 

f^    « 

9'7, 

9*7 

9.7 

9-7 

*"7^ 

9'7 

97 

9*7 

9'  . 

9« 

0  0 

85578 

87089 

88593 

90090 

91580 

93064 

9454» 

96012  I  97476 

798933 

00384 

0 

15 

85603 

87114 

88618 

90115 

91605 

93089 

94566 

96036 

97500 

798958 

00408 

1 

30 

85628 

87139 

88643 

90140 

91630 

93114 

94591 

96061 

975*5 

798982 

00432 

2 

45 

85*54 

87164 

88668 

90165 

91655 

93138 

94615 

96085 

97549 

799006 

00456 

3 

1  0 

85679 

87189 

88693 

90189 

91680 

93163 

94640 

96110 

97573 

799070 

00481 

4 

15 

85704 

87214 

88718 

90214 

91704 

93138 

94664 

96134 

97598, 
9762a 

799054 

<x>505 

5 

a» 

85729 

87i» 

«8743 

90239 
90204 

91729 

93212 

94689 

96159 

799079 

005^ 

« 

46 

85755 

87265 

38768 

9«754 

93*37 

94713 

96183 

97646 

799103 

00553 

7 

2  • 

85780 

87290 

88793 

90289 

91779 

93262 

9473« 

96208 

97671 

799 «*7 

00577 

8 

15 

85805 

^7315 

88818 

90314 

91803 

93286 

94762 

96232 

97695 

799151 

og6oi 

9 

10 

30 

85830 

87340 

88843 

90339 

91828 

93311 

94787 

96256 

97719 

799176 

00625 

45 

85855 

87365 

88868 

90364 

91853 

93336 

94812 

96281 

97744 

799200 

00649 

U 

3  0 

85881 

87390 

!!^3 

90389 

9*878 

93360 

94836 

5^305 

977*8 

799**4 

oc«73 

12 

15 

85906 

87415 

«89i8 

90413 

91902 

933«5 

94861 

96330 

9779a 

799*48 

00698 

13 

30 

85931 

87440 

38943 

90438 

91927 

93410 

94885 

96354 

97817 

799*7* 

00722 

14 

46 

85956 

87465 

88968 

90463 

91952 

93434 

94910 

96379 

97841 

799297 

00746 

16 

4  0 

85982 

87490 

88993 

90488 

91977 

93459 

94934 

96403 

97865 

7993*1 

00770 

16 

16 

86007 

37516 

89018 

90513 

92002 

93483 

94959 

964*7 

97889 

799345 

00794 

17 

30 

86032 

87541 

89043 

90538 

92026 

93508 

94983 

96452 

97914 

799369 

C0818 

18 

46 

86057 

87566 

89068 

90563 

92051 

93533 

95008 

96476 

97938 

799393 

00842 

19 
20 

5  0 

86082 

87591 

89093 

90587 

92076 

93557 

950J2 

96501 

97962 

799418 

00866 

15 

86108 

87616 

89117 

90612 

92101 

93582 
93607 

95057 

965*5 

97987 

799442 

00890 

21 

30 

86133 

87641 

89142 

90637 
90662 

92125 

95081 

96549 

98011 

799466 

00914 

22 

45 

86158 

87666 

89167 

92150 

93631 

95106 

96574 

98035 

799490 

009381 

23 

«  0 

86183 

87691 

89192 

90687 

9*175 

93656 

95130 

96598 
96623 

98060 

799514 

00963, 

24 

16 

86208 

87716 

89217 

90712 

9BJtOO 

93681 

95155 

98084 

799539 

00987 

26 

30 

86233 

5774* 

8924.2 

90737 

92224 

93705 

95180 

96647 

98108 

799^63 

OIOII 

26 

46 

86259 

^766 

89267 

90761 

92249 

93730 

95204 

96672 

98133 

799587 

01035 

27 

7  0 

86284 

8779; 

89292 

90786 

92274 

93754 

95229 

96696 

98157 

799611 

01059 

28 

15 

86309 

87816 

89317 

90811 

92299 

93779 

95*53 

967*0 

98131 

799635 

01083 

29 

30 

86334 

^7844 

89342 

90836 

9*323 

93804 

95*78 

96745 

98005 

799660 

01107 

30 

46 

85359 

37866 

39367 

90861 

92348 

93828 

95302 

9^69 

98330 

799684 

01131 

31 

S  0 

863^5 

87892 

89392 

90886 

92373 

93853 

953*7 

96794 

98*54 

799708 

01155 

32 

15 

86410 

87917 

89417 

90911 

9»B97 

93878 

95351 

96818 

98278 

79973* 

01179 

S3 

30 

86435 

87942 

39442. 

^935 

92422 

93902 

95376 

96842 

98303 

799756 

01203 

34 

46 

86460 

87967 

89467 

90960 

9*447 

93927 

95400 

96867 

98327 

799780 

01227 

36 

9  0 

86485 

87992 

8949X 

90985 

92472 

93951 

954*5 

96891 

98351 

799805 

01251 

36 

16 

86510 

880  r7 

39517 

91010 

92496 

93976 

95449 

96916 

98375 

799829 

01275 

37 

30 

lin^ 

!!°t* 

89542 

5»035 

92521 

94001 

95474 

96940 

98400 

799853 

01299 

38 

46 

86561 

88067 

89567 

91060 

92546 

94025 

95498 

96964 

98424 

799877 

01324 

39 

10  0 

86586 

88092 

89592 

91084 

92570 

94050 

955*3 

96989 

98448 

799901 

01348 

40 

16 

866 1 1 

88II7 

89617 

91109 

9*595 

94074 

95547 

97013 

98473 

799925 

01372 

41 

30 

86636 

!5'f* 

!^« 

9"  34 

92620 

94099 

9557* 

97038 

98497 

799949 

01396 

42 

46 

86661 

88167 

89666 

'9"59 

92644 

94124 

95596 

97062 

98521 

799974 

01420 

43 

II  0 

86687 

!!'9* 

89691 

91184 

92669 

94148 

95620 

97086 

98545 

799998 

01444 

44 

15 

86712 

88&17 

89716 

91208 

92694 

94173 

95645 

97111 

98570 

800022 

01468 

45 

30 

86737 

8«242 

!574i 

91*33 

92719 

94«97 

95669 

97135 

98594 

800046 

01492 

46 

45 

86762 

88a67 

39766 

91258 

9*743 

94222 

95694 

97159 

98618 

800070 

01516 

47 

12  0 

86787 

88292 

89791 

91283 

92768 

94*47 

95718 

97184 

98642 

800094 

01540 

48 

16 

86812 

88317 

39816 

91308 

9*793 

94271 

95743 

97208 

98667 

S00119 

01564 

49 
60 

30 

86837 

88342 

89841 

91333 

92817 

94296 

95767 

97*3* 

98691 

S00143 

01588 

46 

86863 

88368 

89866 

91357 

92842 

943*0 

9579* 

97*57 

98715 

800167 

OI6I2 

61 

13  0 

86888 

!!393 

89891 

91382 

92867 

94345 

95816 

97281 

98739 

800191 

01636 

62 

16 

86913 

88418 

89916 

91407 

92891 

94369 

95841 

97306 

98764 

8002x5 

0x660 

53 

30 

86938 

88443 

89940 

91432 

92916 

94394 

95865 

97330 

98788 

800239 

01684 

64 

46 

86963 

88468 

89965 

91457 

92941 

944,9 

95890 

97354 

98812 

800264 

01708 

65 

14  0 

86988 

ll'^n 

89990 

91481 

92966 

94443 

95914 

97379 

98836 

800288 

01732 

66 

16 

87013 

88518 

90015 

91506 

92990 

94*68 

95939 

97403 

98861 

800312 

01756 

67 

30 

87038 

!?543 

90040 

91531 

93015 

9449* 

95963 

97427 

98885 

800336 

01780 

68 

46 

87064 

88568 

90065 

91556 

93040 

94517  95988 

9745* 

98909 

800360 

01804 

69 
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TABLE  69 


LOG.  SINE  SQUAHE                        | 

105° 

106° 

107° 

lO^' 

s. 

SO' 

45' 

0* 

16'  1  30' 

46' 

0'  1  16' 

30' 

40' 

0' 

16' 

7h2m 

7*3" 

7h  4»  7I1  sm 

7"6«» 

7^7- 

7*8« 

yhg. 

TfclO" 

7h|i. 

7*  12-  7*  13- 

0  0 

Id 

80 
45 

1  0 
16 
30 
45 

2  0 
15 

9' 80 

1828 

1852 

1876 

1900 

1924 
1948 
1972 
1996 

2020 

2044 

9-80 
3266 
3290 

3314 

3338 
3362 

3385 
3409 

3433 
3457 
3481 

9-80 

4697 
472  X 

4745 
4769 
4792 

4816 
4840 
4864 

4887 
4911 

9*80 
6x22 
6146 
6169 
6193 
6217 
6240 
6264 
6288 
631X 
6335 

9«8o 

754« 

7564 

7587 
76x1 

7634 
7658 

7682 
7705 
77*9 
775* 

9-8 
08952 

08975 
08999 
09022 
09046 
09069 
09093 
09XX6 
09x40 
09163 

9-8 
X0357 

1038X 
X0404 
10427 
1045  X 
10474 
X0498 
10521 

10544 
10568 

1x756 
XX  780 
XI803 

J 1 826 
X1849 
X1873 

1x896 

"919 

"94* 
X1966 

9-8 

13149 

1317* 

13195 

13*19 
X3242 

X3265 

13288 

133" 
13334 
13357 

9-8 

'4535 
14558 
14581 
14604 

X4628 

14651 
14674 
14697 
X4720 

14743 

9-8 

15915 
15938 
15961 

15984 

16007 

X6030 
16054 
16077 
16x00 
16x23 

9-8 

17*89 

1731* 

17335 

17357 

17380 

17403 
174*6 

17449 

1747* 
17494 

0 

1 
2 
3 

4 
6 
6 

7 
8 

9 

30 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
45 

2o68 
2092 
2116 
2140 
2164 

2188 

2212 
2236 
2260 
2284 

3505 
35»9 
3553 
3577 
360  X 

3624 
3648 
3672 
3696 
3720 

4935 
4959 
4983 
5006 

5030 

5054 
5078 

5102 

5"5 

5H^ 

6359 

6383 
6406 
6430 

6453 
6477 
6501 

6524 
6548 
6572 

7776 
7800 

78*3 
7847 
7870 

7894 

79»7 

7941 
7964 

7988 

09187 
09210 
09234 
09257 
0928  X 
09304 
09327 
0935X 

09374 
09398 

10591 
106 14 
IC638 
10661 
X0684 
10708 
X0731 
10754 

10778 
1080 1 

1x989 

X20I2 

1*035 
X2059 

X2082 

X2XO5 

X2128 

X2X52 

1*175 
12X98 

13381 
13404 
134*7 
13450 

13473 
13496 

13519 
13543 
13566 

13589 

X4766 

14789 
X48X2 

14835 
14858 
X4881 

14904 
149*7 
14950 
14973 

X6146 
x6x69 
16X9X 
162x4 
X6237 
X6260 
X6283 
X6306 
16329 
16352 

17517 
17540 
17563 
17586 
17608 

17631 

17654 
17677 

X7700 

X7722 

10 
11 
12 
13 
14 
16 
16 

17 
18 
19 

6  0 
15 
30 
45 

0  0 
16 
30 
45 

7  0 

16 

2308 
2332 
2356 
2380 
2404 
2428 
2452 
2476 
2500 
2524 

3744 
3768 

3792 

3815 

3839 
3863 

3887 
3911 

3935 
3959 

5'73i 

5197 

5220 

5*44 
5268 
5292 

5315 
5339 
5363 
5387 

^595 
6619 

6641 

6666 

6690 

6714 
6737 
6761 

6785 
6808 

8012 
8035 
8059 
8082 
8x06 
8x29 
8x53 
8x76 
8200 
8223 

0942  X 

09445 

09468 
09492 
09515 

09538 

09562 

09585 
09609 

09632 

X0824 
X0848 
X0871 
10894 
109 1 8 
10941 
10964 
10988 

IIOIX 

11034 

X222X 
12245 
X2268 
I229X 

1*314 

1*337 
1236 1 

IZ384 

12407 

X2430 

13612 

13635 
13658 
13681 

13704 
13727 

13751 

13774 

'3797 
13820 

13843 
13K66 

13^89 

X3912 

13935 
13958 
1398* 
14005 
14028 

14051 

14996 

15019 
15042 

15065 

15088 

15XXX 

15134 

15157 
15180 

15*03 

16375 
16398 
x64ao 

16^66 
16489 
X65X2 
16534 

16557 
16580 

17745 
17768 

17791 
178x4 

17837 

17859 
17882 

17905 
179*8 
17951 

90 
21 
22 

23 
24 
26 
28 

97 
28 
29 

30 
46 

8  0 
16 
30 
46 

9  0 
16 
30 
46 

2548 
2572 
2596 
2620 
2644 
2668 
2692 
2716 
2740 
2764 

3982 
4006 
4030 

4054 
4078 

4x02 

4»5 
4149 
4173 
4197 

5410 

5434 
5458 
5482 

5505 

55*9 

5553 

5577 
5600 

5624 

6832 
6856 

6879 

6926 
6950 

6974 
6997 

702  X 
7045 

8247 
8270 

8*94 
83x8 

8341 

8365 

8388 

8412 

8435 
8459 

09656 

09679 

09702 
09726 

09749 

09773 
09796 

098x9 

09843 

09866 

1x058 
xxo8x 
1x104 
XX 127 
XX15X 

11174 
XXX98 

XX22X 

11*44 
XX  267 

1*453 
12477 

12500 

1*5*3 
1*546 
X2570 

X2616 
12639 
12662 

15226 

15*49 
15272 

»5*95 
153x8 

15341 
15364 
15387 
15410 

15433 

X6603 
X6626 
16649 
1667  X 
16694 

16717 
16740 

16763 
X6786 

X6809 

17973 
17996 

180x9 
1804a 
X8064 
X8087 
x8xio 

18133 
18156 

18x78 

90 
31 
92 
39 
34 
96 
36 

97 
38 
30 

10  0 
16 
30 
46 

11  0 
16 
30 
46 

12  0 
16 

2787 
2811 
2835 
2859 
2883 
2907 
2931 

*955 
2979 

3003 

4221 

4*45 
4*69 

4*92 
43x6 

4340 
43^ 
4388 
44" 
4435 

5648 

567* 

5695 

5719 

5743 
5766 

5790 
58x4 

5837 
5861 

7068 
7092 
7115 

7139 
7x63 

7x86 

7210 

7*33 
7*57 
7281 

8482 
8506 

85*9 
8553 
8576 
8600 
8623 

8647 
8670 

865H 

09890 

09913 

09936 
09960 

09983 

10007 
X0030 

10053 
10077 

10 100 

X129X 

1x314 
1x337 

XX36X 

11384 
11407 
11431 
11454 

11477 

XI 500 

X2686 
X2709 
12732 

1*755 
1*778 
X2801 
X2825 
12848 
X2871 

1*894 

14074 

14^97 
X4X20 

14143 
X4X66 

14189 

14212 

14*35 
14259 

14282 

15456 

15479 
X550X 

155*5 
15548 
15571 
15594 

15617 
X5640 

15663 

16832 

16854 

16877 
16900 

16946 
X6969 
X6992 

17015 
17037 

1820 1 
X8224 

18047 
X8269 
X8192 

18315 
18338 
X8360 

18383 
18406 

40 
41 
42 
43 
44 
46 
46 

47 

48 
48 

30 
46 

13  0 
16 
30 
46 

14  0 
16 
30 
46 

3027 
3051 

3075 
3099 

3123 

3146 

3170 

3>94 
3218 

3*4* 

4459 
4483 
4507 
453' 
4554 
4578 
4602 
4626 
4650 

4673 

5885 
5909 
593* 
5956 
5980 

6003 
6027 
6051 
6075 
6098 

7304 
73*8 
735« 
7375 
7399 
74** 
7446 
7469 

7493 
75'7 

87x7 

8741 
8764 

8788 

8811 

8835 
8858 
8882 
8905 

89*9 

XOX24 

10147 

XOX70 
XOX94 
102x7 
1024X 
10164 
X0287 
X03XX 
10334 

115*4 

"547 
1x570 

"594 
xx6x7 

X1640 

XX663 

X1687 

XX710 

"733 

129x7 

1*941 
12964 

X2987 

X3010 

13033 

X3056 

X3080 

13103 
1 3 126 

14305 
14328 

14351 
14374 
14397 
144*0 

'^ 

14489 
145" 

X5686 

15709 
1573* 
15755 
1577& 
X580X 

158*3 
X5846 

15869 
15892 

17060 
17083 
X7I06 
X7X29 

1715* 
17175 
17198 
X7220 

17243 
X7266 

18429 
1845* 
18474 
18497 
18520 

18543 

18565 
18588 

x86xx 
18633 

60 
61 
62 
63 
64 
66 
66 

97 
68 
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TABLE  69 


E21 


1                      LOO.  SINE  SQUARE 

} 

108° 

109° 

'10° 

111° 

t. 

30' 

46' 

0' 

16 

30' 

46' 

0* 

15 

30' 

46' 

O' 

7^  U- 

7^16"» 

7l>|5in 

T*!?- 

7«»  18" 

7M8"» 

7h2o« 

7h2l" 

7'>22» 

7h23" 

7h24» 

*  ^  » 

9-8 

9-8 

9-8 

9-8 

9-8 

9-8 

9-8 

9-8 

9*8 

9-8 

9-8 

0  0 

18656 

20017 

21372 

22721 

24063 

25399 

16729 

18053 

29370 

30682 

31987 

0 

16 

18679 

20040 

»>395 

22743 

24085 

25421 

26751 

28075 

29392 

30704 

31009 

1 

30 

18702 

20063 

21417 

12765 

24108 

254H 

26773 

28097 

29414 

30726 

31031 

2 

46 

18724 

20085 

21440 

12788 

14130 

25466 

26795 

281 19 

19436 

30747 

32051 

3 

1  0 

18747 

20108 

21462 

12S10 

24152 

25488 

26817 

28141 

29458 

30769 

32074 

4 

16 

18770 

20130 

21485 

22833 

24174 

25510 

26840 

28163 

29480 

30791 

31096 

6 

30 

18793 

2015J 
20176 

21507 

22855 

24197 

25532 

26862 

Z8185 

29502 

30813 

31118 

6 

46 

18815 

21530 

21878 

24219 

25555 

26884 

18207 

29524 

30835 

32139 

7 

2  0 

18838 

20198 

21552 

22900 

24241 

25577 

26906 

28229 

29546 

30856 

32161 

8 

16 

18861 

20221 

ai575 

22922 

24264 

25599 

26928 

28251 

29568 

30878 

32183 

9 

30 

18883 

20244 

»I597 

22945 

14286 

25621 

26950 

18273 

29589 

309CO 

32204 

10 

46 

18906 

20266 

21620 

22967 

24308 

25643 

26972 

28295 

29611 

30922 

32226 

U 

3  0 

18929 

20289 

21642 

12990 

24331 

25666 

26994 

28317 

29633 

30944 

32248 

12 

16 

18952 

20311 

21665 

23012 

14353 

25688 

27016 

28339 

29655 

30965 

32269 

13 

30 

18974 

20334 

21687 

23034 

24375 

25710 

27038 

2836] 

29677 

30987 

32291 

U 

46 

18997 

20357 

11710 

23057 

14398 

25732 

27061 

28383 

29699 

31009 

32313 

16 

4  0 

19020 

20379 

11731 

23079 

24420 

25754 

27083 

28405 

29721 

3 103 1 

32335 

16 

16 

1904a 

10402 

"7S5 

23102 

24442 

25776 

27105 

18417 

29743 

31052 

32356 

17 

30 

19065 

20414 

21777 

23124 

24464 

25799 

27127 

28449 

29765 

3»074 

32378 

18 

46 

19088 

20447 

21800 

23146 

24487 

25821 

27149 

28471 

29786 

31096 

32400 

19 

6  0 

19111 

20470 

11812 

23169 

14509 

25843 

17171 

18493 

19808 

31118 

32421 

20 

16 

19x33 

20492 

21845 

23191 

H53' 

25865 

27193 

18515 

19830 

31140 

32443 

21 

SO 

19156 

20515 

21867 

23214 

24554 

25887 

27215 

28537 

19851 

31161 

32465 

22 

46 

19179 

20537 

21890 

13236 

24576 

25910 

27237 

28559 

29874 

31183 

32486 

23 

«  0 

1920 1 

10560 

11911 

23258 

24598 

15931 

27259 

18581 

19896 

31205 

32508 

24 

16 

19224 

20582 
10605 

11935 

23281 

24610 

25954 

27181 

18603 

29918 

31227 

32530 

26 

30 

19247 

11957 

13303 

14643 

15976 

17303 

18625 

29940 

31248 

32551 

26 

46 

19269 

10628 

21980 

23325 

24665 

15998 

17315 

28646 

19961 

31270 

32573 

27 

7  0 

19292 

20650 

22001 

13348 

14687 

16010 

17348 

18668 

19983 

31292 

32595 

28 

16 

i93«5 

20673 

22025 

23370 

24710 

16043 

27370 

18690 

30005 

31314 

32616 

29 

30 

19338 
19360 

20695 

12047 

13391 

24732 

26065 

27391 

18711 

30017. 

31335 

32638 

30 

46 

20718 

22070 

a34i5 

24754 

26087 

27414 

28734 

30049 

31357 

32660 

31 

8  0 

19383 

20741 

22092 

»3437 

14776 

26109 

27436 

28756 

30071 

3«379 

32681 

32 

Id 

19406 

20763 

22115 

13460 

24799 

26131 

27458 

18778 

30093 

31401 

32703 

33 

30 

19428 

20786 

22137 

13482 

24821 

26153 

27480 

18800 

30114 

31422 

32724 

34 

46 

19451 

20808 

21159 

23504 

24843 

26176 

27502 

28811 

30136 

31444 

32^6 

36 
86 

9    0 

19474 

20831 

22182 

»35»7 

24865 

26198 

27524 

18844 

30158 

31466 

32768 

16 

194.96 

20853 

22204 

»3549 

24888 

26220 

27546 

28866 

30180 

31488 

32789 

87 

30 

19519 

20876 

22227 

23571 

14910 

26141 

27568 

18888 

30101 

31509 

32811 

38 

46 

19542 

20899 

22249 

23594 

24931 

26264 

27590 

28910 

30114 

3153' 

32833 

39 

10  0 

19564 

20921 

22272 

23616 

24954 

26286 

27612 

28932 

30245 

31553 

32854 

40 

15 

19587 

20944 

22194 

23639 

24977 

26309 

17634 

28954 

30267 

31575 

32876 

41 

80 

19610 

20966 

22317 

13661 

24999 

16331 

17656 

28976 

30289 

31596 

32898 

42 

46 

19632 

20989 

22339 

13683 

25021 

26353 

17678 

18998 

30311 

31618 

32919 

43 

11  0 

19655 

21011 

12362 

13706 

15043 

26375 

17700 

190Z0 

30333 

31640 

32941 

44 

16 

19678 

21034 

22384 

13728 

25066 

26397 

27711 

19042 

30355 

31662 

32963 

46 

30 

19700 

21056 

22406 

43750 

25088 

26419 

27744 

29064 

30377 

31683 

32984 

46 

46 

19723 

21079 

22429 

»3773 

25110 

16441 

27767 

19086 

30398 

31705 

33006 

47 

12  0 

19746 

2110a 

22451 

»3795 

25132 

26463 

27789 

19107 

30420 

31717 

33027 

48 

16 

19768 

21124 

22474 

23817 

25»55 

26486 

27811 

29129 

30442 

3 '749 

33049 

49 

30 

19791 

21147 

11496 

23840 

25177 

26508 

17833 

19151 

30464 

31770 

33071 

60 

46 

19814 

21169 

22519 

23862 

15199 

26530 

27855 

19173 

30486 

31791 

33092 

61 

13  0 

19836 

21192 

22541 

13884 

25221 

16552 

27877 

29195 

30507 

31814 

33114 

62 

16 

19859 

21114 

22564 

23907 

25243 

26574 

27899 

19217 

30529 

31835 

33135 

63 

30 

19881 

21237 

22586 

23919 

25266 

26596 

27921 

29239 

3055  > 

31857 

33157 

54 

46 

19904 

21259 

22609 

23951 

25188 

26618 

27943 

29261 

30573 

31880 

33179 

55 

U  • 

19927 

21282 

22631 

*3974 

15310 

26641 

17965 

29283 

30595 

31901 

33200 

56 

16 

19949 

21304 

21653 

23996 

2533* 

26663 

17987 

19305 

30617 

31922 

33222 

67 

80 

19972 

21327 

11676 

24018 

25355 

16685  18009 

19327 

30638 

3194^ 

33244 

58 

46 

'9995 

21350 

12698 

24041 

25377 

26707  18031 

2>349 

30660 

31966 

33265 

59 
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TABLF.  09 

LOO.  SINE  SQUARE                      | 

111^ 

112^       1 

'                   lir         1 

■. 

15^ 

9& 

45^ 

O' 

v^ 

30" 

4y 

O' 

l&* 

SO' 

46' 

7^25- 

7*26" 

7*27* 

7b  28" 

7*2^" 

7*30- 

7*31- 

7*32- 

7h38- 

7*34- 

7*85- 

0  0 
15 

30 
45 

1  0 
15 
3<^ 
45 

2  0 
15 

33287 
33308 

33330 

3335* 

33373 

33395 

334"* 

33438 
33460 

33481 

34580 

j46oi 
34623 

34644 
34666 

34687 

J47®9' 
347JO 

3475* 
14773 

9-8 

35867 
35889 
35910 

35931 
35953 
35974 
35996 
36017 

36038 
36060 

9'«  , 
37148 
37170 

37iyi 

37*1* 

37134 

37*55 
J7276 

37*97 

37319 
37340 

9-8 

384*4 

38445 
38466 

38487 
38508 
38530 
3«55i 
3857* 
38593 
38614 

9-8 

J9693 

39714 

39735 

39756 

39777 

39798 

59819 
39840 

39861 
39883 

40956 
40977 
40998 
41019 
41040 

41061 
41082 

41103 
41124 

4"45 

9-8 

4**13 

4**34 

4**55 
42276 

4**97 
4*318 

4*339 

4*359 
42380 

42401 

43464 

43485 
43506 

43517 
43548 
43568 

43589 
43610 

43631 

43652 

9-8 

44710 

44730 
44751 
4477* 
44793 
44813 
44834 
4485s 
44875 
44896 

9-8 

45949 
45970 

45990 
46011 

46032 
46052 
46073 
46093 
46114 

46135 

0 

1 
2 
S 
4 
6 
6 
7 

8 
9 

30 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
45 

33503 
335H 
33546 
33568 

33589 
3361 1 
33631 

33654 
33675 
33697 

H795 
34816 

34838 

34859 
34881 

34902 

34924 

34945 
34967 
34988 

36081 
3610$ 

36124 

36^*45 
36167 

36188 

36209 

36231 

36252 

36274 

37361 

37383 

37404^ 

374*5 

37446 

37468 

37489 
37510 

3753* 
37553 

38636 

3*657 
38678 

38699 
387*0 

3874' 
38763 

38784 
38805 

38826 

39904 
399*5 
39946 
39967 
39988 
40009 
44030 
40051 
40072 

40*93 

41 166 

41187 
41208 
41229 
41250 
41271 
4129a 

4»3i3 
41334 
41355 

42422 

4*443 
42464 

4*485 
42506 

42526 

**547 
/^2568 

4*589 
42610 

43672 

43693 
437^4 
43735 
43756 
43776 

43797 
43818 

43839 
43859 

44917 

44937 

44958 

44979 
45000 

45020 

45041 
45062 

45082 

45103 

46155 
46176 

46196 

46217 
46238 
46258 

46279 

46299 
46320 

46341 

10 
11 
12* 
13 
14 
15 
16 

17 
18 
19 

fr  0 
15 
30 
45 

6  0 
15 
90f 
45 

7  0 

15 

33718 

33740 
33762 

33783 
33805 

i382« 

J384f 

33869 

33891 

339>3 

35010 

3503> 

35053 

35074 
35096 

«"7 
35138' 

35160 

35181 

35203 

36*95 

36338 
36359 

36380 

36402 

3^4*3 

36444 
36466 

36487 

37574 

37595 
37617 

37638 

37659 
37680 

37702 

377*3 
37744 
37766 

38847 
38868 

38890 

38911 

38932 

38953 
38974 
38995 
39017 
39038 

40114 

40136 

40157 
40178 
40199 
40230 
40241 
40262 
40283 
40304 

4»376 

41  »7 
41418 

41439 
41460 

41481 

41502 

415*1 

41543 
41564 

42631 

141652 
4*673 

4*693 
42714 

41735 
41756 

4*777 
42798 

42819 

43880 
43901 
439« 
439^* 
43963 
43984 
44005 
44026 
44046 

44*67 

45124 

45»J4 
45165 
45186 

45206 
45227 

45268 
45289 
45310 

46361 
46382 
46402 

464*3 

46443 

46464 

46484 
46505 

46526 
46546 

20 
21 
22 

23 
.24 

125 
26 

27 
28 
29 

30 
45 

8  0 
15 
30 
45 

9  0 
15 
30 
45 

33934 

33956 

33977 

33999 
34020 

3404a 

34063 

34085 

34107 

34128 

35114 
35*46 
35267 

35289 

35310 

J533* 
35J5S 
35375 
35396 
35417 

36509 

36530 

3655' 

36573 

36594 
J6615 

36«37 

36658 

36679 

36701 

37787 
37808 

378*9 
37851 

37872 

37893 
379"4 
37935 
37957 
37978 

39059 
39080 

39101 

39122 

39'43 
,9165 

39186 

39207 

39228 

39*49 

40315 
40346 
40367 
40388 
40409 

4*43» 
4045' 
4047* 

40493 
40515 

41585 
41606 

41627 

41648 

41669 

41690 

41711 

4173* 
41753 
41774 

4*839 
42860 

42881 
42902 

4*913 

4*944 

4*965 
42986 

43006 

43027 

44088 
44109 

441*9 
44150 

44171 
44192 

44212 

44*33 
44*54 
44*75 

45330 
45J51 
45371 
4539* 
45413 
45434 
45454 
45475 
45495 
45516 

46567 

46587 
46608 

46628 

46649 
46670 

46690 

46711 

46731 
46752 

30 
31 
32 
33 
34 
35 
36 

37 
38 
39 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

13  0 
15 

34150 
34171 

34193 

34»i4 
34236 

34»57 

34*79 
34300 

34322 
34343 

354J9 
35460 

35482 

35503 

355*5 

35546 

35567 

35589 
35610 

35632 

36722 

36743 

36765 
36786 

36807 
36829 
36850 
36871 
36893 
36914 

37999 
78020 

3804* 
38063 

380*4 
38105 
38127 
38148 
38169 
38190 

39170 
39*9* 
393"  3 
39334 
39355 
39376 

39397 
39^18 

39439 
39460 

40536 

4«>557 
40578 

40599 
40620 

40641 

4066X 

40683 

40704 

40725 

41795 
41816 

418J7 
41858 

41878 
41900 
41920 

41941 
41962 

41983 

43048 
43069 
43090 

431" 
43131 

4315* 

43173 

43194 
43215 

43135 

44195 
44316 
44337 
4f358 
44378 

44399 
444*0 

44441 

44461 
44482 

45537 

45557 

45578 

45599 
45619 

i& 

45681 

4570* 
45722 

4677* 

46793 
46814 

46834 

46854 

4«75 

46895 
46916 

4^937 
46957 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

30 
45 

13  0 
15 
30 
45 

14  0 
15 
30 
45 

34365 
34386 

34408 

344»9 
34f5i 
3447* 
34494 
34515 
34537 
34558 

35653 
35675 
35696 
35717 

35739 
35760 

35782 
35803 

35846 

36935 
36957 

36978 

36999 

37021 
37042 

37063 

37084 
37106 

37127 

38211 

38*33 

38154 

38*75 
38296 

38318 

38339 
38360 

38381 

38402 

39481 
395n 
39514 
39545 
39566 

39587 
39608 

396*9 
39651 

3967* 

40746 
40767 
40788 
40809 
40830 
40851 
40872 

40893 
40914 
40933 

42004 
42025 
42046 
41067 
42088 
42109 
42130 
42150 
42171 
42192 

43*56 
43*77 
43*98 
433*9 
4334© 
43360 
43381 
43402 

434*3 
43444 

44503 
445*3 
44544 
44565 

ua 

44627 
44689 

45743 

45764 

45784 
45805 

458*6 

45867 

45887 
45908 

45919 

46978 
46998 
47019 

47039 
47060 

47080 

47101 

47121 

47142 

47162 

60 
61 
62 
63 
64 
66 
66 

67 
68 

69 
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82<^ 


LOO.  SINE  SQUARE            '           | 

114° 

US'" 

116° 

8. 

•' 

15' 

JO" 

7*'38"« 

45' 

0' 

15' 

30' 

45' 

0' 

15'  1  30' 

7»'36'» 

yh  37111 

71*39111 

7»»40» 

71.  4lm 

7h42in 

7h43m 

7*"  44" 

7M5" 

7h46m 

0  0 
15 
30 
45 

1  0 
15 
30 
45 

2  0 
15 

9*8 

47183 
47203 

47224 

47*44 
47265 

47»«5 
47306 

473»6 
47347 
47367 

9-8 
48410 

48451 

48451 
48472 

48492 

48512 

48533 
48553 
48574 
48594 

49632 

49653 
49673 

49693 

49713 

49734 

49754 

49774 

49795 
49815 

9-8 

50848 

50868 

50889 

50909 

50929 

50949 
50969 

50990 

51010 

51030 

9-8 

52058 

52078 

52099 

52119 

52139 

52159 

52179 

52199 

52219 

52239 

53263 

53*83 
53303 

533*3 
53343 
53363 
53383 
53403 
534*3 
53443 

54461 

54481 
54501 

545*1 
54541 
54561 

54581 
54601 

54621 

54640 

9-8 

55654 

S5674 

S5694 

55713 

55733 

55753 

55773 

55793 

55813 

5583* 

9-8 

56841 
56861 
56880 
56900 
56920 
56940 
56959 

56979 
56999 

57019 

9-8 

58022 

58042 

58061 

58081 

58101 

58120 

58140 

58160 

58179 
58199 

9-8 

59198 

59*17 

59*37 

59*57 

59*76 

59*95 

59315 

59334 

59354 

59373 

0 

1 

2 
3 
4 
5 

6 

7 
8 

9 

30 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
45 

47388 
47408 

474*9 
47449 
47470 
47490 
475" 
47531 
4755* 
4757* 

48615 

48635 
48655 

48676 

48696 

48716 

48737 
48757 
48778 
48798 

49835 
49856 
49876 
49896 

49917 
49937 
49957 
49977 
49998 
50018 

51050 
51071 
51091 
51111 
51131 
51151 
51172 
51192 
51212 
51232 

52260 
52280 
52300 
52320 
52340 
52360 
52380 
52400 
52420 
5*440 

53463 

53483 

53503 

535*3 

53543 

53563 

53583 
53603 

53623 
53643 

54660 
54680 
54700 
547*0 

54740 
54760 

54780 
54800 
54820 
54840 

5585* 
5587* 

5589* 
55912 

55931 
5595" 

55971 

5599' 
56011 

56030 

57038 

57058 

57078 

57097 
57117 

57137 

57157 
57176 

57196 
57216 

58219 
58238 
58258 

58277 
58297 

58317 
58336 
58356 
58375 
58395 

59393 
59413 
5943* 
5945* 
59471 
59491 
59510 
59530 
59549 
59569 

10 
11 
12 
13 
14 
15 
10 

17 
18 
10 

5  0 
15 
30 
45 

6  0 
15 
30 
45 

7  0 

15 

47593 
47613 

47634 
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4181 

4198 
4215 

4233 
4250 

4268 

4285 

4303 
4320 

5208 

5**5 

5*43 
5260 

5*77 

5*95 
5312 

5330 
5347 
5364 

30 
31 
32 
33 
34 
35 
86 

37 
38 
SO 

40 
41 
42 
43 
44 
45 
46 

47 

48 

49 

50 
51 
52 
53 
54 
55 
56 

57 
58 
59 

10  0 
15 
SO 
45 

11  0 
15 
80 
45 

12  0 
15 

73598 
73616 

73634 

73653 
73671 

73689 

73708 

737*6 

73744 
73763 

74696 

747»5 
74733 
74751 
74769 
74788 
74806 

748*4 
74842 

74861 

75789 
75808 

758*6 

75844 
75862 

75880 

75898 

75917 

75935 

75953 

76877 
76895 
76913 
76931 

76949 
76967 
76986 

77004 
77022 
77040 

77959 

77977 

77995 
78013 

78031 

78049 

78067 

78085 

78103 

78121 

9036 

9054 
9072 

9089 

9107 

9125 

9143 
9161 

9179 
9197 

80107 
80125 
80143 
80160 
80178 
80196 
80214 
80232 
80249 
80267 

1173 
1191 

1208 

1226 

1*44 
1261 

1*79 

1*97 

1315 
1332 

**33 
2251 

2268 

2286 

2304 

2321 

*339 
*357 
2374 

2392 

3288 
3306 

33*3 
3341 
3358 
3376 
3393 
34" 
34*8 
3446 

4338 

4355 
4372 
4390 
4407 

44*5 

444* 
4460 

4477 
4495 

5382 

5399 
5416 

5434 

5451 
5468 

5486 

5503 
5520 

5538 

SO 
45 

18  0 
15 
SO 
45 

14  0 
15 
SO 
45 

73781 

73799 
73818 

73836 

73854 

73873 

73891 
73909 

739*8 
73946 

74879 
74897 
749 » 5 
74934 
7495* 
74970 
74988 
75007 

750*5 
75043 

75971 

75989 
76007 

76026 

76044 

76062 

76080 

76098 

76116 

76134 

77058 
77076 
77094 
77112 
77130 
77148 
77166 

77184 
77202 

77270 

78139 
78157 

78175 
78193 

78211 

78229 

78247 

78265 

78283 

78301 

9*15 

9*33 

9*5  » 
9268 

9286 

9304 

93** 
9340 
9358 
9376 

80285 
80303 
80321 
80338 
80356 

80374 
80392 

80410 

80427 

80445 

1350 
1368 
1385 

1403 
142 1 

1438 
1456 

1474 
149 1 

1509 

2409 
2427 

*445 
2462 

2480 

*497 

*5i5 

*533 
2550 

2568 

3463 
3481 

3498 
3516 

3533 
3551 
3568 
3586 
3604 
3621 

4512 

45*9 

4547 
4564 

458* 

4599 

4617 

4634 

4651 
4669 

5555 
5572 

5590 
5607 
5624 

5642 

5659 
5677 

5694 
5711 

Sec.  I'  2'  3'  4'  b'   6-  T   8'  »'  10^  IT  12'  iV  14'  15' 
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TABLE  (H 


LOO.  SINB  SQUARE 

122° 

123^ 

124° 

126 

8 

SO' 

45' 

O' 

16' 

30' 

45' 

0' 

15' 

30' 

4.V 

0 

8M0" 

gh  llm 

8hi2« 

8^  13" 

8bi4» 

8»'15'» 

H^iie" 

8»'I7» 

8*18" 

8*  19"' 

8»'20" 

/  // 

0  0 

15 
30 
45 

1  0 
15 
30 
45 

8  0 
15 

9-8 

«57*9 
85746 

85763 
85781 

85798 
85815 
8583a 
85850 
85867 
85884 

9-8 
86765 

86783 
86800 
86817 
86834 
86852 
86869 
86886 
86903 
86920 

87797 

87814 
87831 
87848 
87866 
87883 
87900 
879x7 

87934 
87951 

9-8 

88823 

88840 

88857 

88874 

88891 

88908 

88925 

88943 
88960 

88977 

9-8 

89844 
89861 
89878 
89895 
899x2 
89929 
89946 
89963 
89980 
89997 

98 

90860 

90876 

90893 

90910 

90927 

90944 

90961 

90978 

90995 

91011 

9-8 

91870 

91887 

91903 

91920 

91937 

9 '954 
919  I 

91987 

92004 

92021 

92875 
92891 

92908 

92925 

92942 
92958 

92975 
92992 

93008 

93025 

9-8 

93874 
93891 

93908 

93924 

9394' 

93957 

93974 
93991 

94007 

94024 

9-8 
94869 

94885 
94902 
94918 

94935 

9495' 
94968 

94984 
95001 

95017 

9-8 

95858 

95874 
95891 

95907 
95924 
95940 
95956 

95973 

95989 
96006 

0 

1 

2 
3 

4 
b 
6 

7 
8 

9 

30 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
4; 

85902 
85919 
85936 

85954 
85971 
85988 
86006 
86023 
86040 
86057. 

86938 
86955 
86972 
86989 
87007 
87024 
87041 
87058 

87075 
87093 

87968 

87986 
88003 
88020 
88037. 
88054 
88071 
88088 
88105 
88123 

88994 
890 IX 
89028 

89045 
89062 

89079 
89096 

89113 

89130 

89147 

90014 
90031 
90048 
90065 
90081 
90098 
90115 
90132 
90149 
90166 

91028 
91C45 
91062 
91079 
91096 
91113 
9 1 129 
91146 
91163 
91180 

92038 
92054 
92071 
92088 
92105 
92122 
92138 
92155 
92172 
92189 

93042 
93058 

93075 
93092 

93108 

93125 

93142 

93159 
93175 
93192 

94057 
94074 

94090 
94x07 
94123 
94140 

94'57 

94'73 
94190 

95034 
95050 

95067 

95083 

95  ICO 

95116 

95'33 

9  5 '49 
95166 

95182 

96022 
96039 
96055 
96071 
96088 
96104 
96121 
96137 
96154 
96170 

10 
11 
12 
13 
14 
15 
16 

17 
18 
19 

5  0 
15 
30 
45 

6  0 
15 
30 
46 

7  0 
15 

86075 
86092 
86109 
86127 

86144 
86i6x 

86178 
86196 
86213 
86230 

87110 
87127 

87«44 
87162 

87179 

87196 

87213 

87230 

87248 

87265 

88140 

88157 
88174 

88I9X 
S8208 
88225 
88242 
88259 

88277 

88294 

89164 
89181 
89198 
89215 
89232 
89249 
89266 
89283 
89300 
89317 

90183 
90200 
90217 
90234 
90251 
90268 
90285 
90302 
90319 
90336 

9x197 
91214 
91231 

91247 
91264 
91281 
91298 

9i3>5 
9x332 

9*349 

92205 
92222 
92239 
92256 
92272 
92289 
92306 
92323 

9233? 
92356 

93209 
93225 
93242 
93259 
93275 
93292 

93309 
93325 
93342 

93359 

94206 

94223 

94240 
94256 

94273 
94289 
94306 

94322 

9433? 
94356 

95 '99 

952'5 
95232 

95248 
95265 
95281 
95298 
953'4 
9533' 
95347 

96186 
96203 
96219 
96^36 
96252 
96268 
96285 
96301 
96318 
96334 

20 
21 
22 
23 
24 
25 
26 

27 
28 
29 

30 
45 

8  0 
15 
30 
45 

9  0 
15 
30 
45 

86248 
86265 
86282 
86299 

86317 
86334 

86351 

86369 

86386 

86403 

87282 
87299 
87316 

87333 

87351 
87368 

87385 
87402 

87419 
87437 

88311 
88328 

S8345 
88362 

88379 

88396 
88413 
88430 

88447 
88465 

89334 
89351 

89368 

89385 
89402 
89419 

89436 

89453 
89470 

89487 

90352 
90369 
90386 
90403 
90420 
90437 
90454 
90471 
90488 
90505 

91365 
91382 
91399 
914x6 

9 '43  3 

91466 

91483 
91500 

91517 

9*373 
92390 

92406 

92423 
92440 

9H57 

92473 
92490 

92507 

92524 

93375 
93392 
93409 

93425 
9344^2 

93459 
93475 
93492 
93508 

93525 

94372 

94389 
94405 
94422 

94439 
94455 
94472 
94488 

94505 
94521 

95364 
95380 

95397 
954'3 
95430 
95446 
95463 
95479 
95496 
95512 

96350 

96367 

96383 
96400 

96416 
96432 

96449 
96465 

96482 
96498 

30 
31 
32 
33 
34 
35 
36 

37 
38 
39 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

12  0 
15 

86420 
86438 
86455 
86472 
86489 
86507 
86524 
86541 
86558 
86576 

87454 
87471 

87488 

87505 

87522 

87540 

87557 

87574 

8759> 
87608 

88482 

88499 
88516 

88533 

88550 

88567 

88584 
88601 

88618 
88635 

89504 
89521 
89538 

89555 
89572 
89589 
89606 
89623 
89640 

89657 

90522 

90539 

90555 
90572 

90589 

90606 

90623 

90CA0 

9065V 

90674 

9^534 

9'55« 
91567 

91584 

91601 

91618 

91635 

91651 

91668 

91685 

92540 

9*557 

92574 
92591 

92607 
92624 
92641 

92657 
92674 

92691 

93542 
93558 

93575 
93592 
93608 
93625 
93642 
93658 

93675 
93691 

94538 
94554 
94571 
94587 
94604 
94621 
94637 
94654 
94670 
94687 

95529 
95545 
95562 

95578 
95|95 

95628 

95660 
95677 

96514 
96531 

96547 
96563 

96580 

96596 

96613 

96629 

96645 

96662 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

30 
45 

13  0 
15 
30 
45 

U  0 
15 
30 
45 

86593 
86610 
86627 
86645 
86662 
86679 
86696 
86714 
86731 
86748 

87625 

87643 
87660 

87677 

87694 

87711 

87728 

87746 

87763 
87780 

88652 

88670 

88687 

88704 
88721 

88738 

88755 
88772 

88789 
88806 

89674 
89691 

89708 

89725 

89742 

89759 
89776 

89793 
89810 

89827 

90691 
90708 
90724 
90741 
90758 
90775 
90792 
90809 
90826 
90843 

91/02 
91711 

91735 
91752 

91769 

9x786 

91803 

91819 

91836 

91853 

92708 

92724 
92741 

92758 
92775 
92791 
92808 
92825 
92841 
92858 

93708 

93725 

93741 

93758 

93775 

9379J 
93808 

93825 
93841 

93858 

94703 
94720 

94736 

94753 
94770 
94786 
94803 
94819 
94836 

94852 

95693 
95710 
95726 
95743 
9575? 
95776 

95792 
95808 

95825 
95841 

96678 
96694 
967 1 1 
96727 

96744 
96760 

96776 

96793 

96809 

96825 

60 
51 
52 
53 
64 
66 
66 

67 

68 
69 

Sec.  1'  r  r   4'  6' 
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827 


IX>0.  SINE  SQUARE                         | 

125° 

126° 

127° 

8. 

16' 

80* 

46' 

0' 

16' 

30' 

46' 

0' 

16' 

80' 

45' 

8h21" 

8h22B 

8"»23" 

8h24'» 

8»»26" 

8fc26« 

8»»27" 

8H28" 

8h29» 

8»'30'» 

8»»3l" 

/  // 

9-8 

9-8 

9-8 

9'  . 

99 

99 

9*9 

99 

9*9 

9'9 

9'9 

0  0 

96842 

97820 

98794 

899762 

00725 

0x682 

02635 

03582 

04525 

05462 

06394 

0 

16 

96858 

97836 

98810 

899778 

00741 

0x698 

0265  X 

03598 

04540 

05477 

06409 

1 

30 

96874 

978}3 
97869 

98826 

899794 

00757 

01714 

02667 

03614 

04556 

05493 

06425 

2 

46 

96891 

98842 

899810 

00773 

0x730 

02682 

03630 

04572 

05508 

06440 

3 

1  0 

96907 

97885 

98858 

899826 

00789 

0x746 

02698 

03645 

04587 

055*4 

06456 

4 

16 

96923 

97902 

98874 

899842 

00805 

01762 

0*714 

03661 

04603 

05539 

06471 

6 

30 

96940 

97918 

98891 

899858 

00821 

0x778 

02730 

03677 

04618 

05555 

06486 

6 

45 

96956 

97934 

98907 

899874 

00837 

01794 

02746 

03693 

04634 

05571 

06502 

7 

2  0 

96972 

97950 
97967 

98923 

899890 

00853 

018x0 

02762 

03708 

04650 

05586 

065x7 

8 

15 

96989 

98939 

899906 

00869 

01826 

02777 

03724 

04665 

05602 

06533 

9 

3U 

97C05 

979^*3 

98955 

8999*3 

00885 

01842 

02793 

03740 

04681 

056x7 

06548 

10 

45 

97021 

97999 

98971 

899939 

00901 

01857 

02809 

03756 

04697 

05633 

06564 

U 

3  (» 

97038 

98015 

98988 

899955 

00917 

0x873 

02825 

03771 

04712 

05648 

06579 

12 

15 

97054 

98032 

99004 

899971 

00933 

01889 

02841 

03787 

04728 

05664 

06595 

13 

:io 

97070 

98048 

99020 

899987 

00949 

01905 

02856 

03803 

04744 

05679 

06610 

14 

46 

97087 

98064 

99036 

9CO003 

00965 

0X92X 

02872 

03818 

04759 

05695 

06626 

16 

4  0 

97103 

98080 

99052 

90C019 

00981 

01937 

02888 

03834 

04775 

057x1 

0664  X 

16 

15 

97119 

98097 

99068 

900035 

C0997 

01953 

02904 

03850 

04791 

05726 

06657 

17 

:m) 

97136 

98113 

99085 

900051 

01012 

01969 

02920 

03866 

04806 

05742 

06672 

18 

46 

97 1 5* 

98129 

99101 

900067 

01028 

0x985 

02935 

03881 

04822 

05757 

066S8 

19 

:>  0 

97168 

98145 

99117 

90C0S3 

01044 

02001 

02951 

03897 

04837 

05773 

06703 

20 

15 

97185 

98162 

99»33 

900099 

01060 

020x6 

02967 

039x3 

04853 

05788 

06719 

21 

30 

97201 

98178 

99149 

900115 

01076 

02032 

02983 

03928 

04869 

05804 

06734 

22 

46 

97217 

98194 

99165 

900131  01092 

02048 

02999 

03944 

04884 

05819 

06749 

23 

0  0 

97*34 

98210 

99 18 1 

900148 

01108 

02064 

030x5 

03960 

04900 

05835 

06765 

24 

15 

97250 

98226 

99x98 

900164 

01 124 

02080 

03030 

03976 

04916 

05851 

06780 

85 

:m) 

97266 

98243 

99214 

900180 

01140 

02096 

03046 

03991 

04931 

05866 

06796 

26 

46 

97283 

98259 

99230 

900196 

01156 

02XX2 

03062 

04007 

04947 

05882 

068x1 

27 

7  0 

97299 

98275 

99246 

900212 

0x172 

02128 

03078 

04023 

04962 

05897 

06827 

28 

16 

97315 

98291 

99262 

900228 

01188 

02X44 

03.094 

04038 

04978 

05913 

06842 

29 

30 

97332 

98307 

99278 

900244 

01204 

02x59 

03109 

04054 

04994 

05928 

06858 

30 

45 

97348 

98314 

99*94 

900260 

0x220 

02x75 

03125 

04070 

05009 

05944 

06873 

31 

8  0 

97364 

98340 

993" 

900276 

01236 

O2X9X 

03141 

04086 

05025 

05959 

06889 

32 

16 

97380 

98356 

993*7 

900292 

0x252 

02207 

03157 

04XOX 

05041 

05975 

06904 

33 

30 

97397 

98372 

99343 

900308 

0x268 

02223 

03172 

04117 

05056 

05990 

06919 

34 

46 

97413 

98389 

99359 

900324 

01284 

02239 

03x88 

04x33 

05072 

06006 

06935 

35 

9  0 

97429 

98405 

99375 

900340 

01300 

02255 

03204 

04148 

05087 

06021 

06950 

86 

15 

97446 

98421 

99391 

900356 

013x6 

02270 

03220 

04164 

05x03 

06037 

06966 

37 

30 

97462 

98437 

99407 

900372 

0x332 

02286 

03236 

04180 

05119 

06052 

0698  X 

38 

46 

97478 

98453 

994*4 

900388 

0x348 

02302 

03251 

04195 

05134 

06068 

06997 

39 

10  0 

97495 

98470 

99440 

900404 

0x364 

02318 

03267 

04211 

05150 

06083  07012 1 

40 

16 

975" 

98486 

99456 

900420 

0x380 

0*334 

03283 

04227 

05165 

06099 

07027 

41 

30 

975*7 

98502 

99472 

900436 

01396 

02350 

03299 

04242 

05181 

061x5 

07043 

42 

46 

97543 

98518 

99488 

900452 

0x412 

02366 

03314 

04258 

05x97 

06130 

07058 

43 

11  0 

97560 

98535 

99504 

900468 

01427 

0238  X 

03330 

04274 

05212 

06146 

C7C74 

44 

16 

97576 

98551 

99520 

900484 

01443 

02397 

03346 

04289 

05228 

o6i6x 

07089 

46 

80 

9759a 

98567 

99536 

900 5 CO 

01459 

024x3 

03362 

04305 

05243 

06177 

07105 

46 

46 

97609 

98583 

9955* 

9005x6 

0x475 

02429 

03377 

04321 

05259 

06192 

07120 

47 

12  0 

97625 

98599 

99569 

900532 

0149X 

0*445 

03393 

04337 

05275 

0620S 

07x35 

48 

16 

97641 

98616 

99585 

900548 

01507 

0246  X 

03409 

04352 

05290 

06223 

07151 

49 

30 

97658 

98632 

99601 

900565 

01523 

02477 

034*5 

04368 

05306 

06239 

07166 

50 

45 

97674 

98648 

99617 

900581 

01539 

02492 

03441 

04384 

05321 

06254 

07182 

61 

13  0 

97690 

98664 

99633 

900597 

01555 

02508 

03456 

04399 

05337 

06270 

07197 

62 

16 

97706 

98680 

99649 

900613 

0x571 

02524 

03472 

044x5 

05353 

06285 

07213 

53 

30 

97723 

98697 

99665 

900629 

01587 

02540 

0348  8 

04431 

05368 

06301 

07228 

64 

46 

97739 

98713 

99681 

900645 

0x603 

0*556 

03504 

04446 

05384 

06316 

07243 

66 

14  0 

97755 

98729 

99697 

900661 

0x619 

02572 

03519 

04462 

05399 

06332 

07259 

56 

16 

9777> 

98745 

99713 

900677 

01635 

02587 

03535 

04478 

05415 

06347 

07*74 

67 

80 

97788  98761 

99730 

900693 

01651 

02603 

03551 

04493 

05430 

06363 

07290 

68 

46 

97804  98777 

99746 

9C0709 

01666 

026x9 

03567 

04509 

05446 

06378  1 07305 1  69  1 

Sec.  r  2'  3'  4'  6'  6*  7'  tr  9'  10'  IV  12'  13'  14'  16' 
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8^8 


TABLE  69 


LOO.  SINE  SQUARE                       1 

128^ 

129° 

180*» 

a. 

0 

1 
2 
3 
4 
6 
• 

7 

8 
8 

0' 

15' 

30^ 

45' 

0' 

15'  !  30' 

45' 

w 

15' 

30^ 

8^32'" 

8i>33- 

8»'34- 

8»'35» 

8fc36» 

8^37'" 

BhSS- 

8«»39- 

8»'40" 

8>»4I- 

8*42* 

0  0 
15 
30 
45 

1  0 
15 
30 
45 

2  0 
15 

9.9 

07320 
07336 
07351 
07367 
07382 

07397 
07413 

07428 

07444 

07459 

9.9 

08242 

08257 

08273 

08288 

08303 

08319 

08334 

08349 

08365 

08380 

99 
09159 

09174 
09189 
09204 
09220 
09235 
09250 
09265 
09280 
09296 

9*9 

10070 

10085 

lOIOO 

IOII6 
I013I 

10 146 
IOI6I 
10176 
IOI91 
10206 

9.9 

10976 

10992 

11007 

11022 

11037 

11052 

11067 

11082 

11097 

11112 

9*9 
11878 

11893 

11908 

11923 

11938 

11953 

11968 

11983 

11998 

12c  12 

99 

12774 

12789 
12804 
12819 
12834 
12848 
12863 
12878 
12893 
12908 

13665 
13680 
13695 
13710 

"3724 
13739 

"3754 
13769 

"3784 
13799 

9'9 

"455" 
14566 

14581 

14596 

14610 

14625 

14640 

14654 

14669 

14684 

99 
"5433 
'5447 
15462 

"547^ 

"549" 
15506 

15520 

"5535 
"5550 

"S564 

16309 
16323 
16338 
16352 
16367 
16381 
16396 
16411 
16415 
1644c 

30 
45 

3  0 
15 

30 
45 

4  0 
15 

30 

4:> 

07474 
07490 

07505 
07520 

07536 

07551 

07567 

07582 

07597 
07613 

08395 
08410 
08426 
08441 
08456 
08472 
08487 
08502 
08518 
08533 

09311 
09326 
09341 

09357 
09372 

09387 

09402 

09417 

09433 
09449 

1022^ 

10237 

10252 

10267 
10282 
10297 

103  12 

10327 

10343 
10358 

11127 
11142 
11157 
11172 
11187 
11202 
11217 
11232 
11247 
11262 

12027 
12042 
12057 
12072 
12C87 
12102 
12117 
12132 
12147 
12162 

12923 
12938 

"953 
12968 

12982 

12997 

1J012 

13027 

13042 

13057 

13813 
13828 

"3«43 
13858 

"3873 
13887 

13902 

"39"7 
13932 

13946 

14699 

"47'3 
14728 

"4743 
"4757 
14772 

"4787 
14801 

14816 

1483 1 

"5579 
«5594 
15608 

15623 

"5637 
15652 

15667 

1^81 

15696 

15710 

"6454 
16469 

"6483 
1649S 

16512 

16527 

16541 

16556 

16570 

16585 

10 
11 
12 
13 
14 
16 
16 

17 
18 
19 

20 
21 
22 

23 
24 
25 
28 

27 
28 
29 

5  0 
15 
30 
45 

6  0 
15 
30 
45 

7  0 

15 

07628 
07644 
07659 
07674 
07690 

07705 
07720 
07736 
07751 
07766 

08548 
08563 
08579 
08594 
08609 
08625 
08640 
08655 
08670 
08686 

09463 
09478 
09493 
09509 
09524 

09539 

09554 
09569 

09585 

09600 

10373 
10388 
10403 
10418 
10433 
10448 
10464 
10479 
10494 
IO5C9 

11277 
1 1293 
11308 
11323 
11338 

"353 
11368 

11383 

11398 

Ii4>3 

12177 
12192 
12207 
12222 
12237 
12252 
12267 
12282 
12^97 
12312 

13072 
13087 
13101 
13116 
13131 
13146 
13161 
13176 
13191 
13205 

13961 
13976 
13991 
14006 
14020 

"4035 

"4049 
14065 

14079 

14094 

14846 
14860 

"4875 
14890 

14904 

14919 

"4934 
14948 

14963 

14978 

15725 
15740 

"5754 
15769 

"5783 
15798 

15813 

15827 

15842 

"5857 

16600 
16614 
16629 
16643 
16658 
16672 
16687 
167CI 
16716 
16730 

:io 

45 
9    0 
15 
30 
45 
9  0 
15 
30 
45 

07782 
07797 
07813 
07828 
07843 
07859 

07874 
07889 
07906 
07920 

08701 
08716 
08731 

08747 
08762 

08777 

08793 

08808 

08823 

08838 

09615 
09630 
09645 
09661 
09676 
09691 
09706 
09721 
09736 
09752 

IOC  24 

10539 
10554 
10569 
10584 
10599 

10615 

10630 

10645 

10660 

1 1428 

"443 
11458 

"473 
11488 
11503 
11518 

"533 
11548 

11563 

T2326 
1*2341 
12356 
12371 
12386 
IZ401 
12416 
12431 
12446 
1 2461 

13*20 

'3*35 
13250 

13265 

13280 

13294 

13309 

'33*4 
13339 
13354 

14109 
14124 
14139 

"4"  53 
14168 

14183 

14198 

14212 

14x27 

14x42 

"4993 
15007 

15022 

15037 

15051 

15066 

15081 

15095 

15110 

15125 

15871 

15886 

1 5900 

"59"5 
15930 

15944 

"5959 

"5973 
15988 

16003 

16745 
16759 
16774 
16788 
16803 
16817 
16832 
16846 
16861 
16875 

30 
31 
32 
33 
34 
35 
86 

37 
38 

3!) 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

18  0 
15 

07935 
07951 

07966 

07981 

07997 
08012 

08027 

08043 

08058 

08073 

08854 
08869 
08884 
08899 
08915 
08930 
08945 
08960 
08976 
08991 

09767 
09782 
09797 
09812 
09828 
09843 
09858 
09873 
09888 
09903 

10675 

10690 

10705 

10720 

10735 

10750 
10765 
10781 
10796 
10811 

11578 
11593 
11608 
1 1623 
11638 
11653 
11668 
11683 
11698 
11713 

12476 

12491 

12506 

12521 

"535 
12550 

12565 

12580 

12595 

12610 

13369 

13383 
13398 

«34'3 
13428 

13443 
13458 

13472 

i34«7 
13502 

"4*57 
14271 

14286 

14301 

143 1 6 

14330 

"4345 
14360 

"4374 
14389 

15139 

«5"54 

15169 

15183 
1 5 198 
15213 
15227 
15242 

"5»57 
15271 

16017 
16032 
16046 
1606 1 
16075 
16090 
16105 
16119 
16134 
16148 

16890 

16004 
16919 
16933 
16948 
16962 
16977 
16991 
17006 
17020 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

30 
45 

13  0 
15 
30 
45 

14  0 
15 
80 
45 

08089 
08104 
08119 
08135 
08150 
08165 
08181 
08196 
08211 
08227 

09006 
09021 
09037 
09052 
09067 
09082 
09098 
09113 
09128 
09143 

09919 

09934 

09949 
09964 

09979 

09994 
10009 

10025 

10040 

10055 

10826 
I084I 
10856 

10871 
10886 

10901 
10916 
10931 
10946 
10961 

11728 

"743 
11758 

11773 

11788 

11803 

11818 

11833 

11848 

11863 

12625 
12640 
12655 
12670 
12685 
12700 
12714 
12729 

"744 
12759 

i35'7 
1353a 
"3547 
13561 

13576 

"359" 
13606 

13621 

13636 

13650 

14404 
14419 

"4433 

"4448 
14463 

14478 

14492 

14507 
14522 

"4537 

15286 
15301 

"53"5 
15330 

"5345 
"5359 
"5374 
"5389 
"5403 
154"8 

16163 
16178 
16192 
16207 
16221 
16236 
16*50 
16265 
16279 
16294 

17035 

17049 
17064 

17078 

17093 

17107 

171 22 

17136 

17151 

17165 

iO 
61 
62 
63 
64 
66 
66 

67 
68 
66 

Sec  vry  4'  y  er  r  v  v  w  \v  \r  \r  u*  i6' 

D.  15.  Parts  12345  6  7  8  9  10  11  11  13  14  iS 

TABLE  69 


829 


LOO.  SINE  SQUARE                        | 

130° 
46' 

181° 

182°       1   1»3° 

•. 

0' 

16' 

SO' 

46' 

0' 

16' 

SO' 

46' 

0' 

16' 

8^43- 

8*44- 

8k46-> 

8»'46« 

8b  47m 

8*48"' 

tf»49« 

o^eo" 

8>'6|B 

a*  62" 

8*63'" 

0  0 
16 
SO 
46 

1  0 
16 
30 
46 

2  0 
16 

17180 
17194 
17109 
17223 
17238 
17251 
17167 
17181 
17196 
17310 

9.9 

18046 

18060 

18075 

18089 

18103 

18118 

18131 

18147 

18161 

18175 

18907 
18911 
18936 
18950 
18964 
18978 
18993 
19007 
19021 
19036 

9.9 

19763 

19777 

19791 
19806 

19820 

19834 

19848 

19863 

19877 

19891 

9*9 
20614 

20628 

20642 

10657 

20671 

10685 

20699 

10713 

10717 

10741 

11460 
11474 
21488 
11501 
11516 
11531 

"545 
"559 

11573 
11587 

9-9 
22302 

22316 

22330 

21343 

11357 

11371 

11385 

11399 

11413 

11417 

9.9 
13138 

23166 
23179 
13193 
13107 
13221 
23135 
23249 
23263 

9*9^ 
13969 

13983 
13997 

14011 
14014 
14038 
14051 
14066 
14079 
14093 

9*9 

^4794 
14809 

14813 

14837 
14850 
14864 
14878 
14891 
14905 

14919 

15617 
15631 

15644 
15658 

15671 

15685 

15699 

15713 
15726 

15740 

0 

1 
2 
3 
A 
6 
6 

7 

8 
9 

30 
46 

S  0 
16 
30 
46 

4  0 
16 
80 
46 

17314 

"7339 

17353 
17368 

17381 

17397 
17411 
17416 
17440 
17454 

18190 
18204 
18218 
18233 
18247 
18262 
18276 
18290 
18305 

18319 

19050 
19064 
19079 
19093 
19107 
19121 
19136 
19150 
19164 
19179 

19905 
19919 

19934 
19948 

19962 

19976 

19990 

20005 

10019 

20033 

20755 
20770 
10784 
10798 
10811 
20826 
10840 
20854 
20868 
20883 

11601 
11615 
21629 
21643 
21657 
21671 
21685 
21699 

11713 
21727 

12441 
11455 
11469 
12483 

11497 
11511 
11525 
22539 
22553 
22567 

13277 
13191 
13304 
13318 

1333a 
13346 

13360 

13374 
13388 

13401 

14107 
14111 

14134 
24148 
24162 
24176 
24190 
24203 

14117 
14231 

*4933 
14947 
14960 

14974 
14988 
15001 
15015 
25029 
25043 
25056 

15753 
25767 

7.5781 

15794 
15808 

25822 

15835 
25849 

25863 

25876 

15890 

25903 
25917 
25931 

15944 
25958 

25972 

25985 

15999 
26012 

10 
11 
12 
13 
14 
15 
16 

17 

18 

10 

6  0 
16 
30 
46 

•  0 
16 
30 
46 

7  0 

16 

17469 
17483 

17498 

17511 

17517 

17541 
17556 

17570 

17585 
»7599 

18333 
18348 
18362 

18376 
18391 
18405 
18419 
18434 
18448 
18463 

19193 
19207 
19221 
19236 
19250 
19264 
19278 
19293 
19307 
1932 1 

10047 
10061 
20076 
10090 
10104 
101 18 
20132 
20147 
20161 
20175 

10897 
20911 
20925 
10939 
10953 
10967 
20981 
20995 
21010 
21024 

2 1 741 

11755 
21769 

21783 

21797 
21811 
21825 
21839 
21853 
21868 

12581 
22595 
22609 
22623 
22637 
11651 
22664 
22678 
22692 
22706 

13415 

23429 

13443 
13457 
23471 

23485 
23499 

23512 

23526 

23540 

14245 
24258 
24272 
24286 
14299 

*43i3 
24327 

H341 

*4354 
24368 

25070 
15084 
15097 
15111 
25125 
15138 
25152 
25166 
25180 

15193 

20 
21 
22 
23 
24 
25 
28 

27 
28 
29 

30 
HI 
32 
33 

3d 
38 

37 
38 
.H9 

30 
46 

8  0 
16 
30 
46 

9  0 
16 
30. 
46 

17613 
17618 
17641 
17657 
17671 
17686 
17700 

I77H 
I77»9 
17743 

18477 
18491 
18506 
18520 

18534 
18549 
18563 

18577 
18592 
18606 

19336 
19350 
19364 
19378 

19393 
19407 

19421 

19435 
19450 

19464 

20189 
20203 
20218 
20231 
20246 
20260 
20274 
20288 
20303 
20317 

21038 
21052 
21066 
21080 
21094 
21108 
21122 
21136 
21151 
21165 

21S82 
21896 
21910 
21924 
21938 
21952 
21966 
21980 
21994 
22008 

22720 
22734 
22748 
22762 
22776 
21790 
22804 
22818 
22832 
22846 

13554 
23568 

23582 
23596 
23609 
23623 
13637 
13651 
13665 
23679 

24382 
24396 
14410 

a44M 
24438 

14466 

»4479 

»4493 
14507 

25207 
25221 
25234 
25248 
25262 
25275 

15189 
15303 

15316 

15330 

26026 
26040 
26053 
26067 
26080 
26094 
16108 
26121 
26135 
26148 

10  0 
16 
30 
46 

11  0 
16 
30 
46 

IS  0 
16 

17758 
17771 

17787 

17801 

17815 

17830 

17844 

17859 

17873 
17887 

18620 

18635 
18649 

18663 

18678 

18692 

18706 

18721 

18735 
18749 

19478 
19492 
19507 
19521 

19535 

19549 
19564 

19578 
19606 

20331 
20345 
20359 

20373 
20388 
20402 
20416 
20430 
10444 
20458 

21179 
21193 
21207 
21221 
21235 
21249 
21263 
21178 
11191 
11306 

22022 
21036 
12050 
22064 
22078 
22092 
11106 
11120 
12134 
22148 

22860 
12874 
22887 
22901 
22915 
22929 
22943 

11957 
12971 
11985 

23693 
23707 
23711 

13735 
23749 

23762 

13776 

13790 
13804 

13818 

14511 

14534 
14548 

14561 

14576 

14589 
14603 
14617 

»463» 
14644 

H658 
1467* 
14686 

14699 

14713 
14717 
H740 

H754 
14768 

14781 

15344 

15357 
25371 

15385 
15398 
25411 
15416 

15439 

15453 
15467 

26162 
16176 
16189 
16203 
26216 
26230 
26244 
26257 
26271 
26284 

40 
41 
42 
43 
44 
45 
48 

47 

48 

49 

30 
46 

IS  0 
16 
30 
46 

14  0 
16 
SO 
46 

17901 
17916 
17931 

'7945 
"7959 
17974 
17988 
180C3 
18017 
1803 1 

18764 
18778 

1879* 
18807 

18821 

18835 

18850 

18864 

18878 

18893 

19621 
19635 
19649 
19663 
19678 
19692 
19706 
19720 

19735 
19749 

2C473 
20487 
20501 
10515 
10519 
10543 
10558 
20572 
20586 
20600 

11320 
11334 

11348 
11361 

11376 

11390 

11404 

11418 

11431 

11446 

22162 
22176 
22190 
12204 
22218 
22232 
22246 
22260 
22274 
22188 

11999 
13013 
23027 
23040 
13054 
23068 
13081 
13096 
13 1 10 
23124 

13831 

13845 
13859 

13873 
13886 

13900 

13914 

23928 

13942 

13955 

15480 

15494 
15508 

15511 

15535 
15549 
15561 

15576 

15590 
15603 

26298 
26311 
26325 
26339 
16351 
16366 

16379 
16393 

26407 

26410 

60 
61 
69 
63 
64 
66 
66 

67 
68 
69 

Sec.  I'  r  3'  4'  6'  r  7'  8*  9'  10*  11'  12^  13*  14'  15* 
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TABLE  69 

LOO.  SINE  SQUARE                       | 

138° 

184® 

135^ 

45' 

136° 

s. 

SO' 

45' 

0' 

15' 

30' 

45' 

0' 

16' 

30' 

V 

8'' 54" 

8«»65«> 

8»»  56™ 

8'»57- 

8«»58«' 

8i>59« 

9»»0" 

OM- 

9h2" 

OhS- 

9»»4- 

A     JL 

9*9 

9'9 

9'9 

9*9 

9*9 

99 

9'9 

9.9 

9*9 

9*9 

9'9 

0  0 

26434 

27245 

28052 

28854 

296  5  X 

30443 

3X23X 

320x3 

3179X 

33564 

34331 

0 

15 

16447 

27259 

28066 

28867 

29664 

30457 

3"44 

32026 

32804 

33576 

34345 

1 

SO 

26461 

27272 

28079 

28881 

29678 

30470 

3>i57 

31039 

31817 

33589 

34357 

9 

46 

26474 

27286 

28092 

28894 

29691 

30483 

3x270 

31051 

31830 

33602 

34370 

3 

1  0 

26488 

27299 

28x06 

28907 

29704 

30496 

31283 

32065 

32842 

336x5 

34383 

4 

16 

26501 

a73i3 

28119 

28921 

29717 

30509 

3x296 

31078 

31855 

33628 

H396 

5 

SO 

26515 

27326 

28133 

28934 

29731 

30522 

3x309 

3209  X 

32868 

3364X 

34408 

6 

46 

26529 

27340 

28146 

28947 

19744 

30535 

3x322 

32x04 

32881 

33653 

3442  X 

7 

%    0 

26542 

27353 

28159 

2896X 

29757 

30549 

3«335 

32XX7 

31894 

33666 

34434 

8 

16 

26556 

27367 

28x73 

28974 

29770 

30562 

31348 

32130 

32907 

33679 

34447 

9 

SO 

26569 

27380 

28x86 

28987 

29783 

30575 

31361 

32x43 

32920 

33691 

34459 

10 

45 

26583 

27394 

28x99 

29000 

19797 

30588 

31374 

32156 

31933 

33705 

34472 

11 

3  0 

26596 

27407 

282x3 

290x4 

298x0 

30601 

31388 

31x69 

32946 

337x8 

34485 

12 

15 

26610 

27421 

28226 

29027 

29823 

30614 

3X40X 

32182 

31959 

33730 

34498 

13 

30 

26623 

»7434 

28240 

29040 

29836 

30627 

31414 

32x95 

32972 

33743 

34510 

14 

45 

26637 

27448 

28253 

29054 

29850 

3064  X 

3x4*7 

32208 

31984 

33756 

34513 

15 

4  0 

26651 

27461 

28266 

29067 

29863 

30654 

3x440 

32221 

32997 

33769 

34536 

16 

15 

26664 

^7474 

28280 

29080 

29876 

30667 

3  "453 

32234 

33010 

33782 

34549 

17 

30 

26678 

27488 

28293 

29094 

29889 

30680 

3x466 

32247 

33023 

33795 

3456X 

18 

45 

26691 

27501 

28307 

29107 

29902 

30693 

31479 

32260 

33036 

33807 

34574 

19 

5  0 

26705 

»7S»S 

28320 

29120 

29916 

30706 

31492 

32273 

33049 

33820 

34587 

20 

15 

26718 

27528 

*8333 

29x34 

29929 

307x9 

31505 

32286 

33062 

33833 

34599 

21 

30 

26732 

»754a 

28347 

29x47 

2994a 

30733 

315x8 

32299 

33075 

33846 

346x2 

28 

45 

26745 

»755S 

28360 

29x60 

19955 

30746 

3X53X 

313x1 

33088 

33859 

34625 

83 

6  0 

26759 

^7569 

28374 

29x73 

29969 

30759 

31544 

32325 

33x00 

3387X 

34638 

24 

15 

26772 

27582 

28387 

29187 

29982 

30771 

31557 

31338 

33XX3 

33884 

34650 

25 

30 

26786 

27596 

28400 

29200 

29995 

30785 

31570 

323  5  X 

33x26 

33897 

34663 

26 

45 

26800 

27609 

28414 

292x3 

30008 

30798 

3x583 

32364 

33x39 

339x0 

34676 

27 

7  0 

26813  27622 

28427 

29227  30021 

308 IX 

31596 

31377 

33x51 

33923  34688 

28 

15 

26827  27636 

28440 

29240 

30035 

30825 

31609 

32390 

33165 

33936  3470X 

29 

30 

26840 

27649 

18454 

29253 

30048 

30838 

31622 

32403 

33x78 

33948 

347x4 

30 

45 

26854 

27663 

28467 

29266 

3006  X 

30851 

31636 

324x6 

33x91 

33961 

34717 

31 

8  0 

26867 

27676 

28480 

29280 

30074 

30864 

3x649 

31419 

33204 

33974 

34739 

32 

15 

26881 

27690 

28494 

29293 

30087 

30877 

3x662 

3144X 

332x6 

33987 

34751 

33 

30 

26894 

27703 

28507 

29306 

30XOX 

30890 

3x675 

31454 

33119 

34000 

34765 

34 

45 

26908 

27716 

28520 

29320 

30 1 14 

30903 

31688 

31467 

33141 

340x2 

34777 

35 

9  0 

26921 

27730 

28534 

29333 

30x27 

309x6 

3X70X 

32480 

33155 

34025 

34790 

36 

15 

26935 

a7743 

28547 

29346 

30140 

30929 

3x7x4 

31493 

33268 

34038 

34803 

37 

SO 

26948 

17757 

2856X 

19359 

30153 

30943 

3x717 

32506 

33281 

34051 

34*  »i 

38 

45 

26962 

27770 

18574 

19373 

30x67 

30956 

3x740 

31519 

33294 

34063 

3482^ 

39 

10  0 

26975 

27784 

28587 

29386 

30x80 

30969 

3x753 

31531 

33307 

34076 

3484X 

40 

15 

26989 

*7797 

2860X 

19399 

30193 

30982 

3x766 

31545 

333x9 

34089 

34511 

41 

30 

27002 

278x1 

286x4 

294x3 

30206 

30995 

31779 

31558 

33331 

34101 

34866 

42 

45 

27016 

27824 

28627 

29426 

30219 

31008 

3x791 

3157  X 

33345 

34XX5 

34879 

43 

U  0 

27029 

17837 

2864X 

19439 

30233 

3 102 1 

31805 

32584 

33358 

34x17 

34891 

44 

15 

27043 

27851 

28654 

29452 

30246 

3x034 

31818 

31597 

3337X 

34x40 

34905 

45 

30 

27056 

27864 

28667 

29466 

30259 

31047 

31831 

32610 

33384 

34x66 

349x7 

46 

45 

27070 

27878 

28681 

29479 

30272 

31060 

31844 

32623 

33397 

34930 

47 

19  0 

27083 

27891 

28694 

29491 

30285 

3x074 

3x857 

32636 

33409 

34178 

34943 

48 

16 

27097 

27905 

28707 

29505 

30298 

31087 

31870 

32649 

33422 

34191 

34955 

49 

30 

27 1 10 

27918 

28721 

295x9 

30312 

3XX00 

31883 

32662 

33435 

34204 

34968 

50 

45 

27124 

27931 

28734 

29532 

30325 

3x113 

3x896 

32674 

33448 

341x7 

34981 

51 

13  0 

27137 

17945 

28747 

19545 

30338 

31x26 

3x909 

32687 

33461 

34230 

34993 

52 

16 

27151 

27958 

28761 

29558 

30351 

3x139 

3x922 

32700 

33474 

34142 

35006 

53 

30 

27164 

27972 

28774 

19571 

30364 

3XX52 

3x935 

317x3 

33487 

3^11 

350x9 

54 

45 

27178 

27985 

28787 

19585 

30377 

31x65 

31948 

32726 

33500 

34268 

3503  X 

55 

14  0 

27191 

27999 

2880X 

29598 

290  XX 

3039  X 

3x178 

3x961 

31739 

33511 

34281 

35044 

56 

15 

27205 

28012 

288x4 

30404 

3XX9X 

3x974 

31751 

33515 

34*93 

35057 

67 

30 

27218 

28025 

28827 

29625 

304x7 

3x204 

3x987 

32765 

33538 

34306 

35070 

58 

46  27232  1  28039 1 

28841 

29638 

30430 

312x8 

32000 

32778 

33551 

343x9 

35082 
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136° 

137° 

138° 

s. 

15' 

30' 

4ft' 

Ok  gm 

15' 

30' 

4ft' 

O' 

15' 

30' 

45' 

f^  s- 

9>»6- 

gh  gn 

9»»10» 

9hlim 

9M2" 

9»'18" 

9hl4m 

Oi^lS" 

/  n 

9*9 

9.9 

3^07 

9'9 

9.9 

9.9 

9.9 

9'9 

9*9 

99 

9*9^ 

0  0 

35095 

35853 

37356 

38100 

38839 

39574 

40303 

41029 

41749 

4*464 

0 

1ft 

35108 

35866 

36620 

37368 

38112 

38851 

39586 

40316 

41041 

41761 

42476 

1 

80 

35120 

35879 

36632 

37381 

38125 

38864 

39598 

40328 

41053 

41773 

42488 

2 

45 

35"33 

35891 

36645 

37393 

38137 

38876 

39610 

40340 

41065 

41785 

42500 

3 

I  0 

35146 

35904 

36657 

37405 

38149 

38888 

39622 

40352 

41077 

41797 

42512 

4 

15 

35'58 

35916 

36670 

37418 

38162 

38901 

39635 

40364 

41089 

41809 

42524 

5 

80 

35171 

35929 

36682 

37430 

38174 

38913 

39647 

40376 

41101 

41821 

4*536 

6 

45 

35184 

35942 

36695 

37443 

38186 

38925 

39659 

40388 

41113 

41833 

4*548 

7 

2  0 

35196 

35954 

36707 

37455 

38199 

38937 

39671 

41125 

41844 

4*559 

8 

15 

35209 

35967 

36720 

37468 

38211 

38950 

39683 

40413 

41137 

41856 

4*571 

9 

80 

35222 

35979 

36732 

37480 

38223 

38962 

39696 

40425 

41149 

41868 

42583 

10 

45 

35234 

3599* 

36745 

37493 

38236 

38974 

39708 

40437 

41161 

41880 

42595 

n 

3  0 

35247 

36004 

36757 

37505 

38248 

38986 

39720 

40449 

41173 

41892 

42607 

12 

15 

35260 

36017 

36770 

37517 

38261 

38999 

397  3» 

40461 

41185 

41904 

42619 

13 

30 

35272 

36030 

36782 

37530 

38273 

39011 

39744 

40473 

41197 

41916 

42631 

14 

45 

35285 

36042 

36795 

37542 

38285 

39023 

39757 

4^85 

41209 

41928 

42643 

15 

4  0 

35298 

36055 

36807 

57555 

38297 

39035 

39769 

40497 

41221 

41940 

4*654 

10 

15 

353>o 

36067 

368io 

37567 

38310 

39048 

39781 

40509 

41233 

41954 

42666 

12 

30 

353»3 

36080 

36832 

37579 

38322 

39060 

39793 

40521 

4i»45 

41964 

4*678 

18 

45 

35336 

36092 

36845 

37592 

38334 

39072 

39805 

40534 

41257 

41976 

42690 

19 

5  0 

35348 

36105 

36857 

37604 

38347 

39084 

39817 

40546 

41269 

41988 

42702 

20 

15 

35361 

36118 

36870 

37617 

38359 

39097 

39830 

40558 

41281 

42000 

42714 

21 

30 

35373 

36130 

36882 

37629 

38371 

39109 

39842 

40570 

41293 

42012 

42726 

22 

45 

35386 

36143 

36895 

37642 

38384 

39121 

39554 

40582 

41305 

42024 

4*737 

23 

6  0 

35399 

361J5 
36168 

36907 

37654 

38396 

39134 

39866 

40594 

41317 

42036 

4*749 

24 

15 

35411 

36920 

37666 

38408 

39146 

39878 

40606 

41329 

42048 

42761 

26 

80 

354*4 

36180 

36932 

37679 

38421 

39158 

39890 

40618 

41341 

42059 

4*773 

26 

45 

35437 

36193 

36945 

37691 

38433 

39170 

39903 

40630 

41353 

42071 

4*785 

27 

7  0 

35449 

36206 

36957 

37704 

38445 

39183 

39915 

40642 

41365 

42083 

4*797 

28 

15 

35462 

36218 

36969 

37716 

38458 

39195 

39927 

40654 

41377 

42095 

42809 

29 

30 

35475 

36231 

36982 

37728 

38470 

39207 

39939 

40667 

41389 

42107 

42820 

30 

45 

35487 

36243 

36994 

37741 

38482 

39219 

39951 

40679 

41401 

42119 

42832 

31 

.«  0 

35500 

36256 

37007 

37753 

38495 

39232 

39963 

40691 

41413 

42131 

42844 

32 

15 

35513 

36268 

37019 

37766 

38507 

39244 

39976 

40703 

41425 

4*143 

4*856 

83 

30 

35525 

36281 

37032 

37778 

38519 

39256 

39988 

40715 

41437 

4*155 
42167 

42868 

34 

4ft 

35538 

36294 

37044 

37790 

38531 

39268 

40000 

40727 

41449 

42880 

35 

0  0 

35551 

36306 

37057 

37803 

38544 

39280 

40012 

40739 

41461 

42179 

4*891 

36 

15 

35563 

36319 

37069 

37815 

38556 

39293 

40024 

40751 

41473 

42191 

4*903 

37 

30 

35576 

36331 

37082 

37828 

38569 

39305 

40036 

40763 

41485 

42203 

4*915 

88 

45 

35588 

36344 

37094 

37840 

38581 

39317 

40049 

40775 

41497 

42214 

42927 

39 

10  0 

35601 

36356 

37107 

37852 

38593 

39329 

40061 

40787 

41509 

42226 

4*939 

40 

15 

35614 

36369 

37119 

37865 

38606 

39342 

40073 

40799 

41521 

42238 

4*951 

41 

30 

35626 

36381 

37132 

37877 

38618 

39366 

40085 

40811 

41533 

42250 

42963 

42 

45 

35639 

36394 

37144 

37890 

38630 

40097 

40824 

41545 

42262 

4*974 

43 

11  0 

35652 

36406 

37157 

37902 

38642 

39378 

40109 

40836 

41557 
41569 

42274 

42986 

44 

15 

35664 

36419 

37169 

37914 

386J5 
38667 

39390 

40121 

40848 

42286 

42998 

45 

30 

35677 

36431 

37181 

37947 

39403 

40134 

40860 

41581 

42298 

43010 

46 

45 

35689 

36444 

37194 

37939 

38679 

39415 

40146 

40872 

41593 

42310 

43022 

47 

12  0 

35702 

36457 

37206 

37951 

38692 

39427 

40158 

40S84 

41605 

42322 

43033 

48 

Ift 

35715 

36469 

37219 

37964 

38704 

39439 

40170 

40896 

41617 

4*334 

43045 

49 

30 

35727 

36482 

37231 

37976 

38716 

39452 

40182 

40908 

41629 

4*345 

43057 

50 

45 

35740 

36494 

37244 
37256 

37269 

37989 

38729 

39464 

40194 

40920 

41641 

4*357 

43069 

51 

13  0 

35753 

36507 

38001 

38741 

39476 

40206 

40932 

41653 

42369 

43081 

52 

15 

35765 

36519 

38013 

38753 

39488 

40219 

40944 

41665 

42381 

43093 

58 

30 

35778 

36532 

37281 

38026 

38765 

39500 

40231 

40956 

41677 

4*393 

43104 

54 

45 

35790 

36544 

37294 
37306 

38038 

38778 

39513 

40243 

40968 

41689 

42405 

43116 

55 

14  0 

35803 

36557 

38050 

38790 

395»5 

40255 

40980 

41701 

42417 

43128 

56 

15 

35816 

36569 

37318 

38063 

38802 

39537 

40267 

40992 

41713 

4*4*9 

43140 

57 

30 

35828 

36582 

37331 

38075 

38815 

39549 

40279 

41004 

41745 

4*441  43152 

58 

45 

35841 

36594 

37343 

38087 

38827 

39561 

4024>1 

41016 

41737 

42452!  43163 
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139° 

IW 

141" 

0" 
B»16-" 

Ifi' 

30' 

46' 

0- 

16' 

aff 

_*»! 

0' 

16' 

30* 

BM?- 

BMB- 

9>'19- 

B'ao- 

»»2I" 

gh  -a. 

S^,^ 

9^24- 

9»26- 

9»3S- 

99 

99 

99 

99 

99 

9.9 

9-9 

99 

99 

9'9 

9' 9 

0    d 

43 175 

43881 

4+583 

45180 

4597* 

46659 

47341 

48010 

48693 

+9361 

Scai6 

15 

43 1*7 

+3893 

4459+ 

+5*9' 

+5983 

46670 

47353 

+803. 

4*704 

+9373 

SCO)  7 

30 

43 '99 

43905 

44606 

+5303 

+5995 

46681 

4736+ 

4*041 

487.6 

+938+ 

50048 

4311 1 

439'7 

446.S 

+531+ 

46006 

46693 

47376 

4*054 

4*7»- 

+9395 

50059 

1     0 

43i»» 

43918 

44619 

+53»6 

46018 

46705 

47387 

48065 

4873* 

4940S 

50070 

Ifi 

+3*14 

43940 

4464, 

+5337 

46019 

46716 

4739a 

48076 

+8749 

+94'7 

S008. 

30 

43»46 

439!i 

+4653 

45349 

4604. 

46717 

47410 

48087 

4K760 

49418 

50091 

4t 

+J15E 

43963 

44664 

4536. 

46051 

46739 

+8099 

4X771 

49+39 

50103 

3     0 

4]»70 

♦3975 

44676 

4S37* 

46064 

46750 

+743* 

4K110 

4*7*1 

+9+5' 

501.4 

16 

41»«. 

43987 

44688 

+  5334 

46075 

+6761 

4811. 

4*794 

+9+S1 

50.15 

30 

43»93 

43999 

44699 

4!395 

46086 

46773 

+7455 

4*.3* 

48805 

49473 

50.36 

-w 

46 

43305 

440,0 

447" 

45407 

4609! 

+6785 

47+66 

4*  144 

48816 

494*4 

50147 

3    0 

♦3317 

44021 

447*3 

4S418 

46.09 

+6796 

4747* 

48.55 

48817 

49495 

50.58 

IS 

433*9  44034 

♦4734 

4S430 

46.1. 

+6807 

474*9 

4*166 

48838 

49506 

50169 

30 

+3340 

44045 

4+7+6 

45+4' 

46.31 

+68,9 

47500 

+*.77 

48849 

495 '7 

50180 

433Sa 

♦4057 

♦4757 

4S4S3 

46.44 

46830 

475'* 

48.89 

4886. 

495*8 

so  19. 

4    0 

43364 

♦40S9 

44769 

45465 

46.5  s 

+6841 

475*3 

48100 

+8871 

49539 

50101 

15 

+3376 

440!  1 

4478. 

45476 

46.67 

46853 

4753+ 

481.. 

48883 

495JO 

501.3 

30 

43388 

44091 

4479* 

4S48S 

46.7s 

46864 

475+6 

48111 

48854 

49561 

50*14 

*zm 

44'04 

44«04 

45499 

46,90 

46876 

47557 

48133 

48905 

49573 

5013  s 

S     0 

4J411 

441.6 

4+8.6 

+55" 

4610. 

+6887 

4756S 

4**+5 

489.6 

495*4 

50146 

"mT 

Ifi 

434*3 

+♦"7 

44817 

455*1 

461.3 

46898 

47579 

48156 

48918 

» 

50*57 

St 

30 

43435 

♦♦'39 

+4839 

+5534 

4611+ 

469.0 

4759' 

48167 

4*939 

S0168 

» 

4344* 

44»Si 

448(0 

+SS+5 

46136 

4691. 

47601 

4*178 

48950 

+96.7 

50179 

S3 

0     0 

43458 

44.61 

4486* 

+SSS7 

46147 

+6933 

47613 

+8190 

48961 

+9618 

50190 

24 

la 

43470 

44'74 

4487+ 

45569 

46159 

+6944 

47615 

4830, 

4*971 

49639 

50J0. 

16 

30 

43+81 

44.86 

44,88  s 

455*0 

46170 

+6955 

47636 

+831. 

48983 

49650 

50311 

S6 

iS 

43494 

♦419S 

44897 

4559* 

461B. 

46967 

47647 

+83*3 

4899  s 

4966' 

50313 

27 

7    0 

435°i 

44109 

4+909 

45603 

+6*9  i 

+697  * 

47659 

♦83JS 
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59907 
59917 

60416 
60426 
60436 
60445 
60455 
60465 
60475 
60484 
60494 
60504 

60514 

60523 
60533 

60543 
60553 

60562 

60572 

60582 

60591 

60601 

60999 
61009 
610x9 
61028 
61038 
61048 

61057 

61067 
61077 
61086 

61578 

61587 
6x597 
61607 
61616 
61626 
61635 
61645 
61655 
61664 

62152 
62x61 
62171 
62180 
62190 
62200 
62209 
622x9 
62228 
62238 

6272X 

6273  X 
62740 

6275c 
62759 

62769 

62778 
62788 

62797 
62807 

63287 
63296 
63305 
63315 
63324 

63333 
63343 
63352 
63362 
63371 

63847 
63856 
63866 

63875 
63884 

63894 

63903 

639x2 

63922 

63931 

40 
41 
42 
43 
44 
45 
46 

47 

48 
49 

30 
45 

18  0 
15 
30 
45 

U  0 
15 
30 
45 

58139 
58149 
58159 
58169 
58179 
58189 

58199 
58209 

58219 

58229 

58739 

58749 

58759 
58769 

58779 
58789 

58799 
58809 

58819 

58829 

59335 
59345 
59355 
59365 
59375 
59385 
59395 
59405 
594*4 
59424 

59927 
59937 
59946 

59956 
59966 

59976 
59986 

59995 
60005 

60015 

61096 
6 1 106 
61115 
61125 
61135 
61x44 

61154 
61 164 

61*73 

61183 

61674 
6x683 
61693 
61703 
6x7x2 
6x722 
61731 
6x741 

6175* 
61760 

62247 
62257 
62266 
62276 
62285 
62295 
62304 
623x4 
62323 
62333 

628x6 
62825 
62835 
62844 
62854 

62863 
62873 
62882 

6289  X 
62901 

63380 
63390 

63399 
63408 

634x8 

63427 
63436 
63446 

63455 
63465 

6394X) 
6394^ 

63959 
63968 
63977 

63987 
63996 

64005 

640x4 

64024 

50 
51 
62 
53 
64 
66 
66 
67 

68 

59 
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TABLE  09 


835 


LOO.  SINE  SQUARE 

19° 

147° 

148^ 

14 

s. 

15' 

30' 

45' 

0' 

15' 

30' 

45' 

0' 

15' 

30* 

45' 

Oh  49'" 

9h50in 

9»'51- 

9h  52™ 

9i>53"> 

9'' 54" 

9»'65'° 

9»'66°' 

9*>67« 

9*>58" 

9h59'» 

0  0 
15 
30 
45 

1  0 
15 
SO 
45 

2  0 
15 

9*9 
64033 

64042 

64052 

64061 

64070 

64079 

64089 

64099 

64107 

64x16 

9.9 

64588 

64597 
64606 

646x5 

64624 

64634 

64643 

64652 

64661 

64670 

9*9 
65138 

65147 

65165 
65x74 
65183 
65192 
65202 
652x1 
65220 

9.9 

65683 

65692 

65701 
65710 

65719 
65729 

65738 

65747 
65756 
65765 

9*9 
66224 

66233 

66242 

66251 

66260 

66269 

66278 

66287 

66296 

66305 

9'9 
6676X 

66770 

66779 

66788 

66707 

66S06 

66814 

66823 

66832 

66841 

67293 
67302 
67311 
67320 
67329 

67337 
67346 

67355 
67364 

67373 

9*9 
67821 

67830 

67839 

67847 

67856 

67865 

67874 

67882 

67891 

67900 

9.9 

68344 

68353 

68362 

68370 

68379 

68388 

68396 

68405 

68414 

68423 

9.9 

68863 

68872 

68880 

68889 

68898 

68906 

68915 

68923 

68932 

6894X 

9'9 

69378 

69386 

69395 
69403 

69412 

69420 

69429 

69437 
69446 

69454 

0 

1 
2 
3 
4 
5 
6 

7 
8 

9 

80 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
45 

64x26 
64135 
64144 
64x54 
64163 
64172 
641 8 1 
6419  X 
64200 
64209 

64680 
64689 
64698 

64707 
64716 

64726 

64735 

64744 

64753 
64762 

65229 
65238 
65247 
65256 
65265 
65274 
65284 

65*93 
6530a 

653x1 

65774 
65783 

65792 

6580X 

65810 

658x9 

65828 

65837 

65846 

65855 

66314 
66323 
66332 
66341 
66350 

66359 
66368 

66377 
66386 

66395 

66850 
66859 
66868 
66877 
66886 
66895 
66903 
66912 
66921 
669^0 

67382 
67390 

67399 
67408 

67417 

67426 

67434 

67443 
67452 

67461 

67909 
679x7 
67926 

67935 

67943 
67952 

6796X 

67970 

67978 
67987 

68431 
68440 
68448 
68457 
68466 
68474 
68483 
68492 
68500 
68509 

68949 
68958 
68966 
68975 
68984 
68992 
6900  X 
69009 
69018 
69027 

69463 

69471 
69480 

69488 

69497 

69506 

69514 

69523 

6953X 

69540 

10 
11 
12 
13 
14 
15 
16 

17 
18 
19 

5  0 
15 
30 
45 

6  0 
15 
30 
45 

7  0 
15 

64218 
64228 
64237 
64246 
64255 
64265 
64274 
64283 
64292 
64302 

64771 
64781 
64790 
64799 
64808 
64817 
64827 
64836 
64845 
64854 

65320 

65329 

65338 

65347 

65356 
65366 

65375 
65384 

65393 
65402 

65864 

65873 
65882 
65891 
65900 

65909 
659x8 
65927 
65936 

65945 

66404 
66413 
66422 
66431 
66440 
66449 
66458 
66466 

66475 
66484 

66939 
66948 
66957 
66966 
66974 
66983 
66992 
67001 
67010 
67019 

67470 
67479 
67487 
67496 
67505 

67514 
67523 

6753' 
67540 

67549 

67996 
68005 

680x3 

68022 

68031 

68040 

68048 

68057 

68066 

6S074 

68518 
68526 
68535 
68544. 
68552 
68561 
68570 
68578 
68587 
68596 

69035 
69044 

69052 

69061 

69069 

69078 

69087 

69095 
69x04 

691 12 

69548 

69557 

6*565 

69574 
69582 

6959X 

69599 

69608 

696x6 

69625 

20 
21 
22 
23 
24 
25 
26 

27 

28 

29 

30 
45 

8  0 
15 
30 
45 

9  0 
15 
30 
45 

64311 
64320 

64329 

64339 
64348 

64357 
64366 

64375 
64385 

64394 

64863 

64873 
64882 
6489  X 
64900 

64909 

649x8 

64927 
64936 

64946 

65411 
65420 
65429 
65438 

6544-7 
65456 
65466 

65475 
65484 

65493 

65954 
65963 

65972 

6598  X 

65990 
65999 

66008 

66018 
66027 
66035 

66493 
66502 

665 IX 

66520 
66529 
66538 
66547 
66556 
66565 

66574 

67028 
67037 
67045 

67054 
67063 

67072 

67081 

67090 

67099 

67108 

67558 
67567 

67575 
67584 

67593 
67602 

676x0 

676x9 

67628 

67637 

68083 
68092 
68101 
68109 
68118 
68127 
68x36 
68144 
68x53 
68162 

68604 
686x3 
68622 
68630 
68639 
68648 
68656 
68665 
68673 
68682 

69x21 
69129 
69x38 
69147 

69164 
69172 
69181 
69189 
69198 

69633 
69642 
69650 
69659 
69667 
69676 
69684 
69693 
69701 
69710 

30 
31 
32 
33 
34 
35 
36 

37 
38 
39 

10  0 
15 
80 
45 

U  0 
15 
30 
45 

12  0 
15 

64403 
64413 
64422 
64431 
64440 
64449 

64459 
64468 

64477 
64486 

64964 
64973 
64982 
64991 
65001 
65010 
65OZ9 
65028 
65037 

65502 
6551X 
65520 
65529 
65538 
65547 

65565 

65575 
65584 

66044 
66054 
66063 
66072 
66081 
66089 
66098 
66x08 

66xx7 
66x26 

66583 
66592 
66601 
66609 
666x8 
66627 
66636 
66645 
66654 
66663 

67116 
67125 

67134 

67H3 
67152 

67161 

67169 

67178 

67187 

67196 

67646 

67654 
67663 

67672 

67681 

67690 

67698 

67707 

67716 

67725 

68170 
68x79 
68x88 
68x96 
68205 
68214 
68223 
68231 
68240 
68249 

68691 
68699 
68708 
687x7 
68725 
68734 
68742 
6875X 
68760 
68768 

69206 
69215 
69224 
69232 
69241 
69249 
69258 
69266 
69275 
69284 

69718 
69727 

69735 
69744 

69760 
69769 
69777 
69786 

69794 

40 
41 
42 
48 
44 
45 
46 

47 
48 
49 

30 
45 

13  0 
15 
30 
45 

14  0 
15 
30 
45 

64495 
64505 
64514 
64523 
64532 
64542 

64551 
64560 

64569 
6457S 

65046 
65055 
65065 

65074 
65083 

65092 

65101 

65x10 

65x19 

65x29 

65593 
65602 

656x1 

65620 

65629 

65638 

65647 
65656 

65665 
65674 

66135 
66144 
66153 
66x62 
66x70 
66179 
66x88 
66197 
66206 
66215 

66672 
66681 
66690 
66699 
66708 
667x7 
66725 

66734 
66743 

66752 

67205 
67214 
67223 
67231 
67240 
67249 
67258 
67267 
67276 
67284 

67733 
67742 

67751 

67760 

67768 

67777 
67786 

67795 
67803 
678x2 

68257 
68266 
68275 
68283 
68292 
68301 
68310 
68318 
68327 
68336 

68777 
68786 

68794 
68803 
688x1 
68820 
68829 
68837 
68846 
68855 

69292 
69301 
69309 
69318 
69326 

69335 

69343 
69352 

69360 

69369 

69803 
698 1 1 
69820 
69828 
69837 
69845 
69854 
69862 
69871 
69879 

50 
51 
52 
53 
54 
55 
56 

57 
58 
59 
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TABLE  69 


LOO.  SINE  SQUARE                        1 

150° 

151° 

152° 

8. 

0' 

16' 

SO' 

45' 

0' 

15' 

30' 

45' 

O' 

15'    3f 

lOhQu 

10*1" 

10*^2- 

lO^S" 

10i>4» 

]0h5iD 

10»«6« 

lO*"?" 

10h8» 

lO^O"  lO^'lO- 

/  n 

9.9 

9-9 

99 

9*9 

9*9 

99 

99 

9*9 

9*9 

99 

99 

0  0 

69888 

70393 

70894 

71391 

71883 

72371 

7*855 

73334 

73808 

74*79 

7474^ 

0 

15 

69896 

70401 

70902 

71399 

71891 

7*379 

72863 

7334* 

73816 

74286 

7475* 

1 

30 

69905 

70410 

70911 

71408 

71900 

72387 

7*871 

73349 

738*4 

74*94 

74760 

2 

46 

69913 

70418 

70919 

71416 

71908 

7*395 

7*879 

73357 

7383* 

74302 

74768 

3 

1  0 

69921 

70427 

70927 

71424 

71916 

72403 

7*887 

73365 

73840 

74310 

74775 

4 

15 

69930 

70435 

70936 

7143* 

719*4 

7*411 

7*895 

73373 

73848 

74318 

74783 

5 

30 

69938 

70443 

70944 

71440 

7193* 

72420 

72903 

73381 

73855 

743*5 

74791 

6 

45 

69947 

70452 

70952 

71449 

71940 

72428 

72911 

73389 

73863 

74333 

74798 

7 

2  0 

69955 

70460 

70961 

71457 

71949 

7*436 

7*919 

73397 

73871 

74341 

74S06 

8 

15 

69964 

70469 

70969 

71465 

71957 

7*444 

7*9*7 

73405 

73879 

74349 

74814 

9 

30 

69972 

70477 

70977 

71473 

71965 

72452 

7*935 

73413 

73887 

74356 

748** 

10 

45 

69981 

70485 

70986 

71482 

71973 

72460 

7*943 

734*1 

73895 

74364 

748*9 

11 

3  0 

69989 

70494 

70994 

71489 

71981 

72468 

7*951 

734*9 

73903 

74372 

74837 

12 

15 

69997 

70502 

71002 

71497 

71989 

7*476 

7*959 

73437 

73910 

74380 

74845 

13 

30 

70006 

70510 

71010 

71506 

71997 

7*484 

72967 

73445 

73918 

74388 

7485* 

14 

45 

70014 

70519 

71019 

71514 

72006 

72492 

7*975 

73453 

739*6 

74395 

74860 

15 

4  0 

70023 

705*7 

71027 

715" 

72014 

72500 

7*983 

73461 

73934 

74403 

74868 

10 

15 

70031 

70535 

71035 

71531 

72022 

7*508 

7*991 

73468 

7394* 

74411 

74876 

17 

SO 

70040 

70544 

71044 

71539 

72030 

7*516 

72999 

73476 

73950 

74419 

74883 

18 

45 

70048 

70552 

71052 

71547 

72038 

7*5*S 

73007 

73484 

73958 

744*6 

74891 

19 

6  0 

70057 

70561 

71060 

71555 

72046 

7*533 

73015 

73492 

73965 

74434 

74899 

20 

15 

70065 

70569 

71069 

71564 

72054 

72541 

73023 

73500 

73973 

7444* 

74906 

21 

30 

70073 

70577 

71077 

71572 

72063 

7*549 

73031 

73508 

73981 

74450 

74914 

22 

45 

70082 

70586 

71085 

71580 

72071 

7*557 

73039 

73516 

73989 

74458 

749** 

23 

6  0 

70090 

70594 

71093 

71588 

72079 

7*565 

73047 

735*4 

73997 

74465 

749*9 

24 

15 

70099 

70602 

71102 

71597 

72087 

7*573 

73055 

7353* 

74005 

74473 

74937 

25 

30 

70107 

7061 1 

71110 

71605 

72095 

7*581 

73063 

73540 

74013 

74481 

74945 

28 

45 

701 16 

70619 

71118 

71613 

72103 

7*589 

73071 

73548 

74020 

74489 

749:3 

27 

7  0 

70124 

70627 

71126 

71621 

72111 

7*597 

73079 

73556 

74028 

74496 

74960 

28 

15 

70132 

70636 

71135 

71629 

72120 

72605 

73087 

73563 

74036 

74504 

74968 

29 

30 

70141 

70644. 

7  "43 

71638 

72128 

72613 

73095 

73571 

74044 

7451* 

74976 

30 

45 

70149 

70653 

71151 

71646 

72136 

72621 

73103 

73579 

7405* 

74520 

74983 

31 

8  0 

70158 

70661 

71160 

71654 

72144 

72629 

73111 

73587 

74060 

745*8 

74991 

32 

15 

70166 

70669 

71168 

71662 

72152 

72637 

73119 

73595 

74067 

74535 

74999 

33 

30 

70175 

70678 

71176 

71670 

72160 

72645 

731*7 

73603 

74075 

74H3 

75006 

34 

35 
38 

45 

70183 

70686 

71184 

71679 

72168 

72654 

73135 

73611 

74083 

74551 

75014 

9  0 

70191 

70694 

71193 

71687 

72176 

72662 

73142 

73619 

74091 

74559 

75022 

15 

70200 

70703 

71201 

71695 

72185 

72670 

73150 

736*7 

74099 

74566 

75029 

37 

30 

70208 

70711 '71*09] 

71703 

72193 

72678 

73158 

73635 

74107 

74574 

75037 

38 

45 

70217 

70719 

71218 

71711 

72201 

72686 

73166  73643 1 

74114 

7458* 

75045 

3<l 

10  0 

70225 

70728 

71226 

71720 

72209 

72694 

73174 

73650 

74122 

74590 

75053 

40 

1^ 

70233 

70736 

71234  71728 

72217 

72702 

73182 

73658 

74130 

74597 

75060 

41 

30 

70242 

70744 

71242 

71736 

72225 

72710 

73190 

73666 

74138 

74605 

75068 

42 

45 

70250 

70753 

71251 

71744 

72233 

72718 

73198 

73674 

74146 

74613 

75076 

43 

11  0 

70259 
70267 

70761 

71259 

717^2 

72241 

72726 

73*06 

73682 

74154 

746*1 

75083 

44 

:5 

70769 

71267 

71761 

72249 

7*734 

73*14  73690 1 

74161 

74628 

75091 

45 

30 

70276 

70778 

71275 

71769 

7Z258 

7*74* 

73222 

73698 

74169 

74636 

75099 

46 

45 

70254 

70786 

71284 

71777 

72266 

72750 

73*30 

73706 

74177 

74644 

75106 

47 

iZ    0 

70292 

70794 

71292 

71785 

72274 

7*758 

73*38 

73714 

74185 

74652 

7511* 

48 

15 

70301 

70803 

71300 

71793 

72282 

72766 

73*46 

737*1 

74193 

74658 

75122 

49 

30 

70309 

70811 

71308 

71801 

72290 

7*774 

73*54 

737*9 

74*00 

74667 

751*9 

M 

45 

70318 

70819 

71317 

71810 

72298 

7*78* 

73*6* 

73737 

74208 

74675 

75137 

61 

13  0 

70326 

70828 

7i3»5 

71818 

72306 

72790 

73270 

73745 

74216 

74683 

75145 

62 

15 

70334 

70836 

71333 

71826 

72314 

7*798 

73278 

73753 

74**4 

74690 

7515* 

63 

:io 

70343 

70844 

71341 

71834 

72322 

72806 

73286 

73761 

74232 

74698 

75160 

64 

45 

70351 

70853 

71350 

71842 

72331 

7*814 

73*94 

73769 

74*39 

74706 

75168 

66 

U  0 

70360 

70861 

71358 

71851 

72339 

72823 

73302 

73777 

74H7 

74713 

75175 

58 

15 

70368 

70869 

71366 

71859 

7*347 

7*831 

73310 

73785 

74*55 

74721 

75183 

6V 

30 

70376 

70878 

7*374 

71867 

7*355 

72839 

73318 

7379* 

74*63 

747*9 

75191 

68 

46 

70385 

70886 

71383 

71875 

72363 

7*«47 

73326 

73800 

74*71 

74737 

75198 

69 

« 
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TABLE  69 

837 

LOO.  SINK  SQUARE                        | 

152° 

153^ 

154° 

155° 

8. 

46' 

or 

15' 

30' 

45' 

0' 

15' 

30' 

45' 

0' 

15' 

lOMl" 

I0h|2'» 

10»>13" 

10hl4« 

10»»15» 

I0»»16» 

10»»17" 

10">J8" 

10»«19» 

10">20'n 

10»>21'» 

0  0 
15 
30 
45 

1  0 
15 
30 
45 

2  0 
15 

9-9  ^ 
75206 

75*14 
75»ii 
75"9 
75*37 

75*44 
75252 

75*59 
75267 

75*75 

9*9 

75663 

75671 

75678 
75686 

75693 
75701 

75708 

75716 

757*4 

75731 

9.9 

76116 

76123 

76131 
76x38 
76146 
76153 
76x61 
76168 
76176 
76183 

9.9 

76564 

76572 

76579 
76586 

76594 
7660  X 
76609 

766x6 

76624 
76631 

9*9 
77008 

77016 

77023 

77030 

77038 

77045 
7705* 
77060 

77067 
77074 

9*9 
77448 

77455 
77462 

77470 

77477 

77484 

7749* 

77499 
77506 

775n 

9.9 

77883 

77890 

77898 

77905 

779>* 

779*9 

779*6 

77934 
77941 
77948 

9*9 

78314 
78321 

783*8 

78336 

78343 
78350 

78357 
78364 

78371 
78378 

9*9 
78741 

78748 

78755 
78762 

78769 
78776 
78783 
78790 
78797 
78804 

79163 
79170 
79177 

79184 
79191 
79198 

79*05 

79212 

79219 

79226 

9'9 

79581 

79588 

79595 
79602 

79609 

796x6 

79622 

79629 

79636 

79643 

0 

1 

9 
3 

4 
5 
6 

7 
8 

9 

30 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
45 

75282 

75190 

75*98 

75305 

75313 
75321 

753*8 

75336 

75343 

7535" 

75739 
75746 

75754 
75761 

75769 
75777 
75784 
7579* 
75799 
75807 

7619X 
76x98 
76206 
76213 
7622  X 
76228 
76236 

76*43 
7625  X 

76258 

76638 

76646 

76653 
76661 
76668 

76676 
76683 
76690 
76698 

76705 

77082 
77089 
77096 

77104 
77111 
77118 
77126 

77133 
77x41 

77148 

775*1 
775*8 
77535 
77543 
77550 
77557 
77564 
7757* 

77579 
77586 

77955 
77963 
77970 
77977 

77984 
77991 

77999 
78006 

78013 

78020 

78386 

78393 
78400 

78407 

78414 

784*1 
78428 

78436 

78443 
78450 

78811 
78819 
78826 
78833 
78840 

78847 
78854 
78861 
78868 
78875 

79*33 
7924X) 

79*47 

79*54 
79*61 
79*68 
79275 
79282 

79*89 
79296 

79650 
79657 
79664 
79671 
79678 
79685 
79692 

79699 
79705 
79712 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 

5  0 
15 
30 
45 

6  0 
15 
30 
45 

7  0 

15 

75359 
75366 

75374 
75382 

75389 

75397 

75405 
75412 

75420 
754*7 

75814 
75822 

75830 

75837 

75845 

7585* 
75860 

75867 

75875 
75882 

75890 
75897 
75905 
759" 
759*0 
759*8 
75935 
75943 
75950 
75958 

76266 
76273 
76281 

76288 

76296 

76303 

76311 
763x8 

76326 

76333 

767x3 

76720 

767*7 

76735 
76742 

76750 

76757 

76765 
76772 

76779 

77155 
77163 

77170 

77177 

77185 
77192 

77199 
77*07 

77*14 
77**1 

77593 
77601 

77608 

77615 

77622 

77630 

77637 

77644 
77652 

77659 

78027 

78034 
78042 
78049 
78056 
78063 
78070 
78078 
78085 
78092 

78457 
78464 

78471 
78478 

78485 
78492 
785CO 

78507 
78514 

785*1 

78882 
78889 
78896 

78903 
78910 
78917 
78924 
78931 
78938 
78945 

79303 
79310 

793'7 
793*4 
79331 
79338 

79345 

7935* 

79359 
79366 

79719 
79726 

79733 
79740 
79747 

79754 
79761 
79768 

79775 
79781 

20 
21 
22 
23 
24 
25 
26 

27 
28 
29 

30 
45 

8  0 
15 
30 
45 

9  0 
15 
30 
45 

75435 
75443 
75450 
75458 
75465 
75473 
75481 
75488 

75496 
75504 

76341 
76348 

76355 
76363 

76370 

76378 

76385 

76393 

76400 
76408 

76787 
76794 

76802 
76809 

76816 

76824 

76831 
76839 

76846 

76853 

77229 
77236 

77*43 
77251 

77*58 
77265 
77272 
77280 

77*87 
77*94 

77666 

77673 
77681 

77688 

77695 
77702 

77710 

777*7 

777*4 
77731 

78099 
78x06 

78114 
78121 

78128 

78135 
78142 

78149 
78157 
78x64 

785*8 

78535 
78542 

78549 
78556 

78563 
78571 

78578 

78585 
78592 

78952 

78959 
78967 

78974 
78981 

78988 

78995 
79002 

79009 
790x6 

79373 

79379 
79386 

79393 
79400 

79407 
«9414 
794*1 
79428 

79435 

79788 

79795 
79802 

79809 
79816 

798*3 
79830 

79836 

79843 
79850 

30 
31 
32 
33 
34 
35 
36 

37 
38 
39 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

12  0 
15 

755" 

755^9 
75526 

75534 
7554* 
75549 
75557 
75564 
7557* 
75580 

75965 
75973 
75980 

75988 

75995 
76003 

7601 1 

76018 

76026 

76033 

76415 

764*3 
76430 

76438 
7644-5 

76460 

76467 
76475 

76482 

7686X 
76868 

76875 
76883 

76890 

76S98 
76905 

76912 
76920 

76927 

77302 
77309 
77316 

773*4 

77331 
77338 

77346 

77353 
77360 

77367 

77739 
77746 

77753 
77760 

77768 

77775 
77782 

77789 
77796 
77804 

78171 
78178 

78185 
78192 
78200 
78207 
782x4 
78221 
78228 
78235 

78599 
78606 

78613 
78620 
78627 
78634 
78643 

78649 
78656 

78663 

79023 
79030 

79037 
79044 
7905* 
79058 
79065 
79072 

79079 
79086 

7944* 
794^9 

79456 

79463 
79470 
79477 
79484 
79491 
79498 
79505 

79857 
79864 
79871 
79878 

79885 
79892 

79898 

79905 
799x2 

799x9 

40 
41 
42 
43 

44 
45 
46 

47 
48 
49 

30 
45 

13  0 
15 
30 
45 

14  0 
15 
30 
45 

75587 

75595 
75602 

75610 

756x8 

75625 

75633 
75640 
75648 
75655 

76041 
76048 
76056 
76063 
76071 
76078 
76086 
76093 
76101 
76x08 

76490 

76497 
76505 

765x2 

76520 

76527 

76534 
76542 

76549 
76557 

76934 
76942 
76949 

76957 

76964 

76971 
76979 

76986 

76993 

77001 

77375 
77382 

77389 

77397 

77404 

774" 

77419 
77426 

77433 
77440 

77811 
77818 

778*5 

77833 
77840 

77847 

77854 
7786J 
77869 

77876 

78143 
78*50 
78*57 
78*64 

78*71 
78278 
78286 
78293 
78300 
78307 

78670 

78677 
78684 

78691 

78698 

78705 
78712 

78719 

78727 

78734 

79093 
79x00 
79x07 
79XX4 
79121 
79128 

79135 
79142 

79149 
79156 

7951a 

79519 

795*5 

7953* 

79539 

79546 

79553 
79560 

79567 
79574 

79926 

79933 
79940 
79946 

79953 
79960 

79967 
79974 
79981 
79988 

50 
61 
52 
53 
64 
56 
50 

67 
58 
69 
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IX>0.  SINE  SQUARE                        | 

155° 

156° 

157° 

158° 

•. 

30' 

45' 

0' 

16'    30' 

45' 

(T 

16' 

30' 

45' 

0' 

10»«22'n 

10»«23™ 

9'9 
80404 

8041 1 

80417 

80424 

80431 

80438 

80444 

80451 

80458 

80465 

10»'24'»ll0»'26'" 

lOt'26™ 

]0b27in 

I0»"28»' 

10»'29'» 

io'':io™;io»'3i"' 

10»'32"' 

0  0 
16 
30 
46 

1  0 
16 
30 
46 

2  0 
16 

9*9 

79995 
80001 

80008 

80015 

80022 

80029 

80036 

80043 

80049 

80056 

9.9 

80809 

80816 

80822 

80829 

80836 

80842 

80849 

808  <;6 

80862 

80869 

9*9 
81209 

81216 

81223 

81229 

81236 

81243 

81249 

81256 

81262 

81269 

99 
81606 

81612 

81619 

81625 

8x632 

81639 

8x645 

81652 

81658 

81665 

9*9 
81998 

82004 

82011 

82017 

82024 

82030 

82037 

82043 

82050 

82056 

9*9 
82385 

82392 

82398 

82405 

8241 X 

82417 

82424 

82430 

82437 
82443 

9*9 

82769 

82775 
82782 
82788 
82794 
82801 
82807 
82813 
82820 
82826 

9*9 

83148 

83154 
83160 
83167 
83173 

83179 
83186 

83192 

83198 

83204 

9*9 

83523 

83529 

83535 

83541 

83547 

83554 
83560 

83566 

83572 
83579 

9'9 
83893 

83899 
83905 

83912 

83918 

83924 
83930 

83936 

83942 

83948 

0 

1 

2 
3 

4 
5 
6 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

17 

18 

19 

30 
46 

8  0 
16 
30 
46 

4  0 
16 
30 
46 

80063 
80070 
80077 
80084 
80090 
80097 
80104 
801 1 1 
80118 
80125 

80472 
80478 
80485 
80492 
80499 
80505 
80512 
80519 
80526 

80533 

80876 
80883 
80889 
80896 
80903 
80909 
80916 
80923 
80929 
80936 

81276 
81282 
81289 
81296 
81302 
81309 
8x315 
81322 
8x329 

81335 

8x671 
81678 
81684 
81691 
81698 
8x704 
8x7x1 

8x7x7 
8x724 
81730 

82063 
82069 
82076 
82082 
82089 
82095 
82102 
82108 
821x4 
82x21 

82450 
82456 
82462 
82469 
82475 
82482 
82488 
82494 
82501 
82507 

82832 
82839 
82845 
S2851 

82857 
82864 
82870 
82877 
82883 
82889 

82896 
82902 
82908 
82915 
8292  X 
82927 
82934 
82940 
82946 
82953 

83211 

83217 
83223 
83229 
83236 
83242 
83248 
83254 
83261 
83267 

83585 
8359X 

83597 
83603 

83610 

83616 

83622 

83628 

83634 

83640 

83954 
83961 

83967 

83973 

83979 
83985 

83991 

83997 
84003 

84010 

5  0 
16 
30 
46 

6  0 
16 
30 
46 

7  0 

16 

80131 
80138 
80145 
80152 
80159 
80166 
80172 
80179 
80186 
80193 

80539 
80546 
80553 
80560 
80566 
80573 
80580 
80587 
80593 
80600 

80943 
80949 

80956 

80963 

80970 

80976 

80983 

80990 

80996 

81003 

81342 
81348 

81355 
81362 

81368 

81375 
81382 

81388 

81395 

8x401 

81737 
81743 
81750 
81756 

81763 
81770 
81776 
81783 
81789 
8x796 

82127 
82134 
82140 
82147 
82153 
82160 
82166 
82173 
82179 
82186 

82514 
£2520 
82526 

82533 
82539 

82546 

82552 

82558 

82565 

82571 

83273 
83280 
83286 
83292 
83298 
83305 
83311 
83317 
83323 
83330 

83647 
83653 
83659 
83665 
83671 
83678 
83684 
83690 
83696 
83702 

84016 
84022 
84028 

84034 
84040 

84046 
84052 
84058 
84065 
84071 

20 
21 
22 
23 
24 
26 
26 

27 
28 
29 

30 
46 

8  0 
16 
30 
46 

9  0 
16 
30 
46 

80200 
80207 
80213 
80220 
80227 
80234 
80241 
80247 
80254 
80261 

80607 
80614 
80620 
80627 
80634 
80641 
80^47 
80654 
80661 
80668 

81010 
81016 
81023 
81030 
81036 
81043 
81050 
81056 
81063 
81070 

81408 
81415 
81421 
81428 
81435 
81441 
81448 
81454 
81461 
8x468 

81802 
81809 
81815 
81822 
81828 
8x835 
81841 
81848 
81854 
81861 

82192 
82199 
82205 
82211 
82218 
82224 
82231 
82237 
82244 
82250 

82578 
82584 
82590 
82597 
82603 
82610 
82616 
82622 
82629 
82635 

82959 
82965 
82972 
82978 
82984 
82990 
82997 
83003 
83009 
830x6 

83336 

83342 
83348 

83355 
83361 

83367 

83373 

83379 
83386 

83392 

83708 

83715 
83721 

83727 
83733 
83739 
83745 
83752 

83758 
83764 

84077 
84083 
84089 

84095 
8410X 

84x07 

841x3 
84x19 

84x26 

84x32 

SO 
31 
32 
33 
34 
35 
SO 

37 

38 
39 

10  0 
16 
30 
46 

11  0 
16 
30 
46 

12  0 
16 

80268 
80275 
80282 
80288 
80295 
80302 
80309 
80316 
80322 
80329 

80674 
80681 
80688 
80694 
80701 
80708 
80715 
80721 
80728 

80735 

81076 
81083 
81090 
81096 
8x103 
81110 
81116 
8 1 123 
81130 
81136 

8x474 
8X48X 
8x487 
81494 
8x501 
8x507 
8x514 
8x520 
8x527 

81533 

81867 

81874 
81881 

8x887 

8x894 

81900 

8x907 

8x9x3 

8x920 

8x926 

82257 
82263 
82270 
82276 
82282 
82289 
82295 
82302 
82308 
82315 

82641 
82648 
82654 
82661 
82667 
82673 
82680 
82686 
82692 
82699 

83022 
83028 
83035 
8304X 
83047 
83054 
83060 
83066 
83072 
83079 

83398 

834<H 
8341 X 

834x7 

83423 

83429 
83436 

83442 

83448 

83454 

83770 

83776 
83782 
83789 

83795 
8380X 

83807 

838x3 

838x9 

83826 

84138 

84144 
84ijt 

84x56 
84162 
84168 

84174 
84180 

84x86 

84193 

40 
41 
42 
43 
44 
46 
46 

47 
48 
49 

30 
46 

i3  0 
16 
30 
46 

U  0 
16 
30 
45 

80336 
80343 
80349 
80356 
80363 
80370 

80377 
80383 

80390 

80397 

80742 
80748 
80755 
80762 
80768 

80775 
80782 

80789 

80795 

80802 

81143 
81 150 
81156 
81163 
8x169 
81176 
81183 
81189 
81196 
8x203 

8x540 
8x547 

81553 
8x560 

81566 

81573 
81580 

81586 

81593 

81599 

8x933 
81939 
81946 
81952 
81959 
8x965 
81972 
81978 
81985 
81991 

82321 
82328 
82334 
82340 
82347 

82353 
82360 
82366 
82373 
82379 

82705 
82712 
82718 
82724 
8273X 
82737 

82743 
82750 

82756 

82762 

83085 
8309X 
83098 
83x04 
83x10 
83XX6 
83x23 
83x29 

83135 
83142 

83460 
83467 

83473 
83479 
83485 
83492 
83498 
83504 

835x0 
835x6 

83832 
83838 
83844 
83850 
83856 
83862 
83869 

83875 
8388X 
83887 

84199 
84205 
842 IX 
842x7 
84223 
84229 
84235 

84241 

84253 

50 
61 
62 
58 
64 
65 
bd 
67 

58 
69 
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'  9'10M1'12M3'14'I6' 

4556677 

LOO.  SINE  SQUARE                                                       | 

158° 

159" 

160° 

■■ 

16' 

'mi- 

80' 

46' 

0' 

16'         30' 

46' 

0' 

IB' 

30' 
10*42" 

46' 
10*48'" 

I0H34" 

0*36"' 

10>'36'" 

101'37"'  10''3a^ 

0"39"' 

J?i2~ 

10«41" 

9-9 

9'9 

9"9 

9'9 

9'9 

9' 9 

99 

9'9 

9'9 

99 

84159 

8+61  ■ 

84979 

85331 

8568, 

86016 

B6367 

86703 

8703s 

87363 

87686 

IS 

(416; 

g+617 

84985 

85338 

85687 

E6031 

86371 

86709 

S70+0 

87368 

87691 

30 

8*17 ' 

8+633 

84991 

85344 

85693 

86038 

86,78 

867,+ 

S70+6 

87373 

87697 

4« 

(4278 

84639 

8+997 

85350 

85699 

86043 

86384 

86710 

S705, 

87379 

87701 

1     0 

g4JK* 

84645 

85003 

85356 

85704 

86049 

86389 

86715 

87057 

8738+ 

87708 

15 

B+190 

846s. 

S5008 

8536. 

S5710    860SS 

86,95 

86731 

87061 

87390 

877 '3 

30 

8+196 

8+657 

85014 

85367 

85716    86060 

86+00 

86736 

87068 

87395 

877'8 

*b 

84501 

g+663 

Sjoio 

85373 

85711,86066 

86+06 

86741 

87073 

87401 

87714 

2    0 

K«og 

a+669 

8;di6 

85379 

85718    86071 

86+,i 

86747 

87079 

87406 

87719 

16 

84514 

8+675 

85031 

85385 

85733! 86077 

864,7 

86753 

8708+ 

874.  T 

87734 

-IF 

30 

84310 

84681 

850,8 

8539. 

85739 

86083 

36413 

86753 

87090 

874<7 

87740 

« 

84316 

846B7 

85044 

85397 

857+5 

86089 

86+19 

8676+ 

87095 

87411 

87745 

3     0 

84331 

84693 

85050 

85+01 

85751 

8609s 

86434 

86770 

87.0, 

87+13 

87750 

IS 

84338 

84S99 

85056 

85+08 

85756 

86100 

86440 

86775 

87.06 

87433 

87756 

30 

8+344 

84705 

8506J 

85+M 

8  5761 

86106 

86445 

8673, 

87  „i 

87439 

3776. 

4S 

84350 

84711 

85068 

85+10 

8576S 

361.1 

8645, 

86786 

87,17 

8744+ 

87766 

4     0 

84356 

84717 

85074 

85+16 

8577+ 

36,17 

36457 

86791 

87113 

87449 

87771 

16 

84361 

847*3 

85080 

85431 

85779 

36,13 

36+61 

36,97 

87,18 

87455    87777 

30 

84368 

84719 

8508s 

85417 

85785 

86,19 

86+63 

86803 

37,34 

87460    87781 

45 

84^4 

84735 

8509. 

85443 

8579' 

86,3+ 

86474 

86S08 

87.39 

87466    87738 

6     0 

84380 

8474' 

85097 

85449 

«5797 

-867;^ 

S6479 

363,4 

87.45 

87+7'    3779, 

IG 

S4387 

84747 

85103 

8545s 

85801 

86.46 

8648s 

36310 

87,50 

87476 

37798 

30 

8439J 

S47S3 

85109 

85+6. 

85808 

86,5, 

86490 

86815 

87,56 

87481 

87804 

22 

46 

84339 

84759 

85,15 

85+67 

8581+ 

86.57 

B6496 

S6>!3i 

87.6. 

87487 

87B09 

23 

It     0 

84+05 

84765 

85111 

85+71 

85810 

86,63 

86  501 

B6836 

87167    87+93 

87  8. 4 

84 

16 

844.. 

8477- 

85117 

B5+78 

85816 

86,68 

36507 

B6841 

87.71 

87498 

87B10 

2S 

30 

84437 

84777 

85'33 

85+S+ 

8583. 

86174 

865,3 

86847 

37177 

87503 

87815 

28 

45 

84413 

8+783 

85138 

85490 

85837 

86,80 

865,9 

86853 

87.83 

87509 

B7830 

27 

;  0 

84415 

84789 

851+4 

85496 

858+3 

36.36 

36514 

87.88 

87514 

B7836 

Sfl 

16 

8443  s 

84795 

85.50 

85501 

85848 

86.9. 

865,0 

36S64 

87.94 

87510 

8784. 

M 

30 

844+1 

8480. 

85.56 

85507 

85854 

86,97 

86535 

86869 

87 '99 

87515 

87846 

30 

45 

84447 

84807 

85.61 

8S5'3 

gjslo 

86103 

8654. 

86875 

8710s 

87530 

87851 

31 

S    0 

84453 

848.3 

85.68 

85519 

85866 

86108 

»6s:,6 

E6EB, 

8711a 

87536 

87857 

32 

16 

84459 

8+8,8 

85.74 

855^5 

85871 

861 .+ 

86551 

86886 

B71.6 

3754' 

87861 

S3 

30 

84465 

84814 

85.80 

8553' 

85877 

86110 

8655a 

86891 

8  711 1 

87547 

87867 

34 

8447' 

84830 

85.86 

85536 

858S3 

86115 

86563 

86897 

87117 

87551 

87873 

35 

.8    0 

84477 

84836 

85,9. 

855+1 

85889 

3613. 

36569 

86903 

871,1 

87557 

87B7E 

36 

IS 

84483 

84841 

85,97 

85548 

858,+ 

86137 

86574 

86908 

87137 

87563 

87B83 

37 

30 

S4489 

848+8 

35103 

85554 

85900 

86141 

B6580 

86914 

87143 

87568 

gTb89 

38 

8449  s 

8+854 

85109 

85  0. 

85906 

86143 

865B6 

1 869.9 

871+g 

87573 

B7B94 

39 

10    0 

84501    84860 

85"  5 

8556? 

-8i?7r 

86154 

8659' 

86^ 

B715+ 

87579:87899 

40 

IS 

S4507    84866 

8511. 

8SS7T 

859.7 

B6159 

86597 

86930 

87159 

8758+ 

8790s 

41 

30 

84513    848  71 

85117 

85577 

85913 

36165 

36601 

E6936 

8716s 

87590 

879'o 

49 

4S 

845.9    84878 

S5133 

3   583 

85919 

3617. 

36608 

B694, 

B7170 

87595 

879 '5 

43 

11     0 

84515 '  84884 

85138 

85589 

85935 

S6176 

366,+ 

86947 

87176 

87600 

E791. 

44 

15 

S4531 ■ 84890 

851+4 

85594 

85940 

B6i3i 

B66.9 

86951 

87181 

87606 

87916 

45 

30 

84537    84896 

85150 

85600 

85946 

36iiB 

8661s 

86958 

871S6 

87611; 87931 

46 

84543    84901 

85156 

B5606 

35951 

S6193 

86630 

86963 

B7191 

876,6:87937 

47 

12    0 

84549 "84908 

8«ii 

856.1 

85958 

86199 

866,6 

B6969 

87197 

87611 

8794* 

48 

16 

84555 1 84914  i8(i6a 

85618 

liPi 

86,^5 

86641 

S6974 

87303 

87617 

87947  ■  «  1 

30 

8456.; 8+910 

85174 

85613 

85969 

86,10 

"866^ 

86980 

8730t: 

87633 

87951 

60 

43 

84567 

8+916 

S5180 

85619 

85975 

86316 

8665, 

86985 

873,4 

87638 

8795S 

61 

13     0 

84  57  J 

8+93' 

85185 

85635 

85980 

8631, 

86653 

86991 

87319 

87643 

87963 

62 

19 

84579 

84937 

8519. 

856+. 

85986 

86317 

86664 

86996 

873»5 

87649 

E7968 

63 

30 

84585 

8+9+3 

85197 

856+7 

8591)1 

86333 

S6669 

87001 

87530 

87654 

87974 

44 

45 

8459' 

g+9+9 

85JO, 

85651 

85998 

86„a 

8667s 

37C07 

87335 

87659 

87979 

65 

U    0 

84597 

8495s 

85309 

S5658 

36CC3 

86344 

856S. 

8-0,3 

8734' 

B766S 

87984 

66 

15 

84603 

8496. 

8i3'5 

85664 

860C9 

86,50 

86686 

370,8 

87346 

87670 

87990 

67 

30 

84609 

84967 

853" 

85670 

86015 

86355:86691 

8             -             ~    -75 

87995 

68 

45 

iWs 

849-3 

!53"6 

85676 

3601O 

86,1:    8669- 

8'                            Bi 

S8000 

69 
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LOG.  SINE  SQUARE                       1 

161° 

162° 

163° 
0'    15'  !  3a 

s. 

0* 

16' 

SO* 

45' 

0' 

15'  1  30' 

45' 
I0h61«' 

|0b44m 

10»»45«» 

lOMe" 

10h47m 

10»»48'» 

lOMO'" 

10»'60"' 

10^52™ 

lOhSS™ 

10''64* 

0  0 
15 
30 
45 

1  0 
15 
30 
45 

2  0 
15 

9'9 
88005 

88011 

88016 

88021 

88026 

88032 

88037 

88042 

88048 

88053 

9*9 
88320 

88326 

88331 

S8336 

88341 

88346 

88352 

88357 

88362 

88367 

9'9 
88631 

88636 

88641 

88647 

88652 

88657 

88662 

88667 

88672 

88677 

99 

88938 

88943 

88948 

88953 

88958 
88963 

88968 
88973 

88978 
88983 

9*9 
89240 

89245 

89250 

89255 

89260 

89265 

89270 

89275 

89280 

89285 

99 

89538 

89';43 
89548 

89553 
89558 

89562 

89567 

89572 

89577 
89582 

99 
S9832 

89836 

89841 

89846 

89851 

89856 

89861 

89866 

89870 

89875 

99 
90121 

90126 

90131 
90136 

Q0140 

^145 

90150 

90155 

90159 

90164 

9*9 

90407 

90411 

90416 

90421 

90425 
90430 

90435 
90439 

90444 
90449 

99 
90688 

90692 

90697 

90702 

90706 

90711 

90715 

90720 

90725 

9^729 

9.9 

90964 

90969 

90974 

90978 

90983 

90987 

90992 

90996 

91001 

910C6 

0 
1 
2 
3 
4 
ft 
6 

7 

8 

9 

30 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
45 

88058 
88063 
88069 
88074 
88079 
88085 
88090 
88095 
88100 
88106 

88372 
88378 
88383 
88388 
88393 
88398 
88404 
88409 
88414 
88419 

88682 
88688 
88693 
88698 
88703 
88708 

88713 
88718 

88713 
88729 

88988 

88993 

88998 
89003 
89008 
89014 
89019 

89024 

89029 

89034 

89290 
89295 
89300 
89305 
89310 
89315 
89320 
89325 
89330 

8933s 

89587 
89592 

89597 
89602 
89607 
89612 
89617 
89621 
89626 
89631 

89880 
89885 
89890 
89895 
89899 
89904 
89909 
89914 
89919 
89924 

90169 
90174 
90179 
90183 
90188 
90193 
90198 
90202 
90207 
90212 

90454 

90458 

90463 

90468 

90472 

90477 
90482 

90487 

90491 

90496 

90734 

90739 

90743 
90748 

90753 
90757 
90762 

90766 

90771 
90776 

91010 
91015 
91019 
91024 
91028 
91033 
91038 
91042 
91047 
91051 

10 
11 
12 
13 
14 
15 
IC 

17 
18 
19 

6  0 
15 
30 
45 

6  0 
15 
30 
45 

7  0 

15 

88111 
88116 
88121 
88127 
88132 

88137 
88142 
88148 
88153 
88158 

88424 
88430 

8843  s 
88440 

88445 

88450 

88456 

88461 

88466 

88471 

88734 
88739 

88744 
88749 

88754 
88759 

88764 

88769 

88775 

88780 

89039 

89044 
89049 

89054 
89059 

89064 
89069 

89074 
89079 
89084 

89340 

89345 

89350 

89355 
89360 

89365 

89370 

89375 
89379 

89384 

89636 
89641 
89646 
89651 
89656 
89661 
89666 
89671 
89675 
89680 

89929 

89933 
89938 

89943 
89948 

89953 
89958 
89962 
89967 
89972 

90217 
90221 
90226 
90231 
90236 
90241 
90245 
90250 
90255 
90260 

90501 

90505 
90510 

90515 

90519 

90524 

90529 

90533 
90538 
90543 

90780 

90785 
90790 

90794 

90799 

90803 

90808 

90813 

90817 

90822 

91056 
91060 
91065 
91069 
91074 
91079 
91083 
91088 
91092 
91097 

20 
21 
22 
23 
24 
25 
26 

27 
28 
29 

30 
45 

8  0 
15 
30 
45 

9  0 
15 
30 
45 

88163 
88169 
88174 
88179 
88184 
88190 
88195 
88200 
88205 
88211 

88476 
88481 
88487 
88492 
88497 
88502 
88507 
88513 
88518 
88523 

88785 
88790 

88795 
88800 

88805 

88810 

88815 

88821 

88826 

88831 

89089 

89094 
89099 

89104 
89109 
89114 
89119 
89124 
89129 

89134 

89389 

89394 
89399 

89404 

89409 

89414 

89419 

89424 

89429 

89434 

89685 
89690 
89695 
897CO 
89705 
89710 

89715 
89719 
89724 
89729 

89977 
89982 

89987 

89991 

89996 

90001 

90006 

90011 

90015 

90020 

90264 
90269 
90274 
90279 
90283 
90288 

90293 
90298 

90302 

90307 

90548 
90552 

90557 
90562 
90566 
90571 
90576 
90580 

90585 
90590 

90827 
90831 
90836 
90840 
90845 
90850 

90854 

90859 
90863 

90868 

91101 
91106 
91110 
91115 
91119 
91124 
91129 

9"33 
91138 

91142 

30 
31 
32 
33 
34 
3ft 
36 

87 
38 
39 

40 
41 
42 
43 
44 
45 
46 

47 

48 
49 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

12  0 
15 

88216 
88221 
88226 
88232 
88237 
88242 
88247 
88252 
88258 
88263 

88528 
88533 
88538 

88544 
88549 
88554 
88559 
88564 
88569 

88575 

88836 
88841 
88846 
88851 
88856 
88861 
88866 
88871 
88877 
8^882 

89140 

89145 

89150 

89155 

89160 
89165 
89170 

89175 

89180 
89185 

89439 
89444 
89449 
89454 
89459 
89464 
89469 

89474 
89479 

89484 

89734 
89739 
89744 
89749 
89754 

89759 
89763 
89768 

89773 
89778 

90025 
90030 
90035 
90040 
90044 
90049 
90054 
90059 
90064 
90068 

90312 
90317 
90321 
90326 
90331 
90336 
90340 

90345 
90350 
90354 

90594 

90599 
90604 

90608 

90613 

90618 

906x2 

90627 

90632 

90636 

90873 
90877 
90882 
90886 
90891 
90896 
90900 
90905 
90909 
90914 

91147 
91151 
91156 
91160 
91165 
91169 
91174 
91178 
91183 
91187 

30 
45 

13  0 
15 
30 
45 

14  0 
15 
30 
45 

88268 
88273 
88279 
88284 
88289 
88294 
88300 
88305 
88310 
88315 

88580 
88585 
88590 
88595 
88600 
88605 
88611 
88616 
88621 
88626 

88887 
88892 
88897 
88902 
88907 
8S912 
88917 
88922 
88927 
88933 

89190 

89195 

89200 
89205 
89210 

89215 

89220 

89225 

89230 

89235 

89488 

89493 
89498 
89503 
89508 
89513 
89518 
89523 
89528 

89533 

89783 
89788 

89793 
89798 
89802 
89807 
89812 
89817 
89822 
89827 

90073 
90078 
90083 
90088 
90092 
90097 
90102 
90107 
90 112 
90116 

90359 
90364 

90369 

90373 
90378 
90383 
90388 
90392 
90397 
90402 

90641 
90646 
90650 
90655 
90660 
90664 
90669 
90674 
90678 
90683 

90919 
90923 
90928 
90932 

90937 
90942 
90946 
90951 

90955 
90960 

91192 
91196 
91201 
91205 
91210 
91214 
91219 
91224 
91228 
91233 

50 
51 
52 
53 
54 
55 
ft6 

67 
58 

59 
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LOO.  SINE  SQUARE                   '    | 

163° 

164° 

165° 

166° 

8. 

45' 

0' 

15' 

30' 

46' 

0' 

15' 

30^ 

45' 

(y 

15' 
11»»5™ 

10''55'» 

lot'se™ 

10»»67'» 

10»'68'» 

10^50'" 
9.9 
92286 
92290 

9**94 
92298 
92302 
92307 
923 II 

9*315 
92319 

92324 

IP'O™ 

llhln. 

n»'2«" 

lib  3m 

nh4m 

0  0 
15 
30 
45 

1  0 
15 
30 
45 

2  0 
15 

30 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
45 

99 

9»*37 

91242 

91246 
91251 
91255 
91260 
91264 
91269 

9^*73 
91278 

9.9 

91506 

91510 

91514 

91519 

915*3 
91528 

91532 

91537 
91541 

91545 

9.9 

91770 

91774 

91779 
91783 

91787 

9179* 

91796 

91800 
91805 
91809 

9-9 
92030 

9*034 
92038 

92043 

92047 

92051 

92056 

92060 

92064 

92068 

9.9 

9*537 
92541 

9*545 
9*550 

9*554 
92558 

92562 

92566 

92570 

9*575 

9*9 

9*785 

9*789 
92793 

9*797 
92801 

92805 

92809 

92813 

92817 

92821 

9.9 

93028 

93032 

93036 

93040 

93044 
93048 
93051 
93056 
93060 
93064 

9*9 
93267 

93271 

93*74 
93278 

93282 

93286 

93290 

93*94 
93298 

93302 

9*9 

93501 
93505 
93509 
93513 
93517 
935*1 
935*5 
935*8 
93532 

93536 

9*9 

9373* 

93736 

93740 

93743 

93747 

93751 

93755 

93759 
93762 

93766 

0 

1 

2 
3 

4 
5 
6 

7 
8 
9 

91282 
91287 
91291 
91296 
91300 
91305 
91309 
91314 
91318 
91323 

91550 

91554 

91559 

91563 
91568 

91572 

91576 

91581 

91585 
91590 

91813 
91818 
91822 
91827 
91831 
91835 
91840 
91844 
91848 

91853 

92073 
92077 
92081 
92086 
92090 
92094 
92098 
92103 
92107 
92111 

9*3*8 
92332 

9*336 
9*340 

9*345 

9*349 

9*353 

9*357 
92361 

92366 

9*579 
92583 

92587 

9*591 

92595 

9*599 
92604 

92608 

92612 

92616 

92825 
92829 

9*833 
92837 
92842 
92846 
92850 

9*854 
92858 

92862 

93068 
93072 
93076 
93080 
93084 
93088 
93092 
93096 
93100 
93104 

93306 

93310 

93314 
933^8 

93322 

93326 

93330 
93334 
93338 
93341 

93S40 

93544 

93548 

9355*1 

93556 

93559 
93563 
93567 
93571 
93575 

93770 

93774 
93778 
93781 

93785 

93789 

93793 

93797 
93800 

93804 

10 
U 
12 
13 
14 
15 
16 

17 
18 
19 

5  0 
15 
30 
45 

«  0 
15 
30 
45 

7  0 
15 

91327 
91332 

9»336 
91341 

9>345 
91350 

9»354 

91359 
91363 

91367 

91594 
91598 
91603 

91607 
91612 
91616 
91621 
91625 
91629 
91634 

91857 
91861 

91866 

91870 

91874 
91879 

91883 

91887 

91892 

91896 

921x6 
92120 
92124 
92128 

9*133 

9*137 
92141 

92145 

92150 

92154 

92370 

9*374 
9*378 
92382 
92387 
92391 

9*395 
92399 

92403 

92408 

92620 
92624 
92628 
92632 
92637 
92641 
92645 
92649 
92653 
92657 

92866 
92870 
92874 
92878 
92882 
92886 
92890 
92894 
92898 
92903 

93108 
93112 

93116 
93120 

931*4 
93128 
93132 

93136 
93140 

93144 

93345 
93349 
93353 
93357 
93361 
93365 
93369 
93373 
93377 
93381 

93579 
93583 
93586 

93590 
93594 
93598 
93602 
93606 
93609 

93613 

93808 
93812 
93815 
93819 
93823 
93827 
93831 

93834 
93838 
93842 

20 
21 
22 
23 
24 
25 
26 

27 
28 
2U 

30 
45 

8  0 
15 
30 
45 

9  0 
15 
30 
45 

91372 
91376 
91381 
91385 
91390 

9^394 
91399 

91403 

91408 

91412 

91638 
91643 
91647 

91656 
91660 
91665 
91669 
91673 
91678 

91900 
91905 
91909 
91913 
91918 
91922 
91926 
91930 

91935 
91939 

92158 
92163 

92167 
92171 

9*175 
92180 

92184 

92188 

92192 

9*197 

92412 
92416 
92420 
92424 

9*429 
9*433 
9*437 
92441 

9*445 
9*449 

92661 
92665 
92670 
92674 
92678 
92682 
92686 
92690 
92694 
92698 

92907 
92911 
92915 

9*919 

9*9*3 
92927 

9*931 

9*935 
92939 

92943 

93148 
93152 

93156 
93160 

93164 
93168 

93172 

93176 

93179 
93183 

93385 

93389 
93392 

93396 
93400 

93404 
93408 
93412 
93416 
934*0 

93617 
93621 

936*5 
93629 

93633 
93636 

93640 
93644 
93648 
93652 

93846 

93849 

93853 

93857 
93861 

93865 

93868 

93872 

93876 
93880 

30 
31 
32 
33 
34 
35 
36 

37 
38 
39 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

IS  0 
15 

91417 
91421 
91425 
91430 

91434 

9H39 

91443 
91448 

9H5* 
9H57 

91682 
91687 
91691 
91695 
91700 
91704 
91709 
91713 
91717 
91722 

91944 
91948 

91952 

91956 

91961 

91965 

91969 

91974 
91978 
91982 

92201 
92105 
92209 
92214 
92218 
92222 
92226 
92230 

9**35 
92239 

9*454 
9*458 
92462 
92466 
92470 

9*475 
92479 

92483 

92487 

92491 

9*703 
92707 

92711 

92715 

92719 

92723 

92727 

9*731 
9*735 
9*739 

9*947 
92951 

9*955 

9*959 
92963 

92967 

92971 

9*975 

9*979 
92983 

93187 

93191 

93195 

93199 

93*03 
93207 

93111 

93215 

93219 

93223 

934*4 
934*7 
93431 
93435 
93439 
93443 
93447 
93451 
93455 
93459 

93656 

93659 
93663 
93667 
93671 

93675 

93679 
93682 

93686 

93690 

93883 
93887 
93891 

93895 
93898 

93902 
93906 
93910 
93913. 
939»7 

40 
41 
42 
48 
44 
45 
46 

47 
48 
49 

30 
45 

13  0 
15 
30 
45 

14  0 
15 
30 
45 

91466 
91470 

91474 

9H79 
91483 

91488 

91492 

9H97 
91501 

91726 
91730 

91735 

91739 

91743 
91748 

91752 

91757 
91761 

91765 

91987 
91991 

91995 
92000 

92004 

92008 

92013 

92017 

92021 

9*025 

92243 
92247 
92252 
92256 
92260 
92264 
92269 

9**73 
92277 
92281 

92495 
92500 
92504 
92508 
92512 
92516 
92520 
92525 

9*5*9 
9*533 

9*744 
92748 
9*75* 
92756 
92760 

92764 
92768 

9*77* 
92776 
92780 

9*987 
92991 

9*995 

9*999 
93003 

93008 

93012 

93016 

93020 

93024 

93217 

93*31 
93235 

93*39 
93*43 
93*47 
93251 

93*55 

93*59 
93263 

93463 
93466 

93470 

93474 

93478 

9348* 
93486 

93490 

93494 
93498 

93694 
93698 

93702 
93705 
93709 
93713 
93717 
937*1 

93724 
93728 

93921 

939*5 
93918 

93932 

93936 

93940 

93943 
93947 
93951 
93955 

50 
51 
52 
53 
54 
65 
56 

57 
58 
59 
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4 
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TABLE  69 

LOG.  SINE  SQUARE 

166° 

167®       1       168° 

169° 
0' 

'   8. 

30' 

46' 

0' 

15' 

30' 

45' 

o- 

15' 

J  30' 

45' 

.  llhyn 

1  llhsno 

1  iihgiB 

. |lh|On 

» 1  fcll»|n»'12"  ll''13»  lli'U"  llMdHllMG" 

/  1 

.  99 

9-9 

9*9 

9*9 

99 

9.9 

9*9 

99 

99 

9*9 

99 

0  0 

93958 

941 8 1 

94399 

94612 

94822 

95027 

95229 

95426 

95619 

95807 

95992 

0 

15 

93962 

94184 

94402 

94616 

94825 

95031 

95232 

95429 

95622 

95811 

95995 

1 

30 

93966 

94188 

94406 

94619 

94829 

95034 

95235 

95432 

95625 

95814 

95998 

2 

45 

93970 

94192 

94409 

94623 

94832 

95038 

95239 

95436 

95628 

95817 

96001 

3 

1  0 

93973 

94195 

94413 

94626 

94836 

95041 

95242 

95439 

95631 

95820 

96004 

4 

16 

93977 

94199 

94417 

94630 

94839 

95044 

95245 

95442 

95635 

95823 

96007 

6 

30 

93981 

94202 

9442© 

94633 

94*^43 

95048 

95248 

95445 

95638 

95826 

96010 

6 

45 

93984 

94206 

94424 

94637 

94846 

95051 

95252 

95448 

95641 

95829 

96013 

7 

2  0 

93988 

94210 

94427 

94641 

94850 

95054 

95255 

95452 

95644 

95832 

96016 

8 

15 

93992 

94213 

94431 

94644 

94853 

95058 

95259 

95455 

95647 

95835 

96019 

9 

30 

93996 

94217 

94434 

94648 

94856 

95061 

95262 

95458 

95650 

95838 

96022 

10 

45 

93999 

94221 

94438 

94651 

94860 

95065 

95265 

95461 

95654 

95842 

96025 

11 

3  0 

94003 

94224 

94442 

94655 

94863 

95068 

95268 

95465 

95657 

95845 

96028 

12 

15 

94007 

94228 

94445 

94658 

94867 

95071 

95272 

95468 

95660 

95848 

96031 

13 

30 

94011 

94232 

94449 

94662 

94870 

95075 

95275 

95471 

95663 

95851 

96034 

14 

45 

94014 

94235 

94452 

94665 

94874 

95078 

95278 

95474 

95666 

95854 

96037 

16 

4  0 

94018 

94239 

94456 

94669 

94877 

95081 

95282 

95478 

95669 

95857 

96040 

16 

15 

94022 

94243 

94460 

94672 

94881 

95085 

95285 

95481 

95673 

95860 

96043 

17 

30 

94025 

94246 

94463 

94676 

94884 

95088 

95288 

95484 

95676 

95863 

96047 

18 

45 

94029 

94250 

94467 

94679 

94887 

95092 

95292 

95487 

95679 

95866 

96050 

19 

5  0 

94033 

94254 

944.70 

94683 

94891 

95095 

95295 

95491 

95682 

95869 

96053 

20 

15 

94037 

94257 

94474 

94686 

94894 

95098 

95298 

95494 

95685 

95872 

96056 

21 

30 

94040 

94261 

94477 

94690 

94898 

95102 

95301 

95497 

95688 

95876 

96059 

22 

45 

94044 

94265 

94481 

94693 

94901 

95105 

95305 

95500 

95692 

95879 

96062 

23 

6  0 

94048 

94268 

94485 

94697 

94905 

95108 

95308 

95503 

95695 

95882 

96065 

24 

15 

94051 

94272 

94488 

94700 

94908 

95112 

95311 

95507 

95698 

95885 

96068 

26 

30 

94055 

94275 

94492 

94704 

94911 

95115  95315 

95510 

9570I 

95888 

96071 

26 

45 

94059 

94279 

94495 

94707 

94915 

95118  95318 

95513 

95704 

95891 

96074 

27 

7  0 

94063 

94283 

94499 

94711 

94918 

95122 

95321 

95516 

95707 

95894 

96077 

28 

15 

94066 

94286 

94502 

947  J4 

94922 

95125 

95324 

95520 

95710 

95897 

96080 

29 

30 

94070 

94290 

94506 

94718 

94925 

95129 

95328 

95523 

95714 

9590D 

96083 

30 

45 

94074 

94294 

94510 

94721 

94929 

95132 

95331 

95526 

95717 

95903 

96086 

31 

8  0 

94077 

94297 

94513 

94725 

94932 

95135 

95334 

95529 

95720 

95906 

96089 

32 

15 

94081 

94301 

94517 

94728 

94935 

95139 

95338 

95532 

95723 

95909 

96092 

33 

30 

94085 

94305 

94520 

94732 

94939 

95142 

95341 

95536 

95726 

95912 

96095 

34 

45 

94088 

94308 

94524 

94735 

94942 

95145 

95344 

95539 

95729 

95916 

96098 

36 

9  0 

94092 

94312 

94527 

94739 

94946 

95149 

95347 

95542 

95732 

95919 

96101 

36 

15 

94096 

94315 

94531 

94742 

94949 

95152 

95351 

95545 

95736 

95922 

96104 

37 

30 

94100 

94319 

94535 

94746 

94953 

95155 

95354 

95548 

95739 

95925 

96107 

38 

45 

94103  94323 1 

94538 

94749 

94956 

95159 

95357 

95552 

95742 

95928 

96110 

39 

10  0 

94107 

94326 

94542 

94752 

94959 

95162 

95361 

95555 

95745 

95931 

96113 

40 

15 

94111 

94330 

94545 

94756 

94963 

95165 

95364 

95558 

95748 

95934 

96116 

41 

30 

94 114 

94334 

94549 

94759 

94966 

95169 

95367 

95561 

95751 

95937 

96119 

42 

45 

941 18 

94337 

94552 

94763 

94970 

95172 

95370 

95564 

95754 

95940 

96122 

43 

11  0 

94122 

94341 

94556 

94766 

94973 

95175 

95374 

95568 

95757 

95943 

96125 

44 

15 

94125 

94344 

94559 

94770 

94976 

95179 

95377 

95571 

95761 

95946 

96128 

46 

30 

94129 

94348 

94563 

94773 

94980 

95182 

95380 

95574 

95764 

95949 

96131 

46 

45 

94133 

94352 

94566 

94777 

94983 

95185 

95383 

95577 

95767 

95952 

96134 

47 

12  0 

94136 

94355 

94570 

94780 

94987 

95189 

95387 

95580 

95770 

95955 

96137 

48 

15 

94140 

94359 

94573 

94784 

94991 

95192 

95390 

95584 

95773 

?5958 

96140 

49 

30 

94144 

94362 

94577 

94787 

94993 

95195 

95393 

95587 

95776 

95961 

96143 

50 

45 

94H7 

94366 

94581 

94791 

94997 

95199 

95396 

95590 

95779 

95965 

96146 

61 

13  0 

94151 

94370 

94584 

94794 

95000 

95202 

95400 

95593 
95596 

95782 

95968 

96149 

52 

15 

94155 

94373 

94588 

94798 

95004 

95205 

95403 

95786 

95971 

96152 

63 

30 

94158 

94377 

94591 

94801 

95007 

95209 

95406 

95600 

95789 

95974 

96154 

64 

45 

94162 

94381 

94595 

94805 

95010 

95212 

95410 

95603 

95792 

95977 

96157 

65 

14  0 

94166 

94384 

94598 

94808 

95014 

95215 

95413 

95606 

95795 

95980 

96160 

56 

15 

94170 

94388 

94602 

94812 

95017 

95*19 

95416 

95609 

95798 

95983 

96163 

67 

30 

94»73  94391 

94605 

94815 

95021 

95222 

95419 

95612 

95801 

95986 

96166 

68 

45 

94»77  94395  94609 

94819 

95024 

95225 

95423 

95615 

95805 

95989 

96169 
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TABLE  69 


813 


hOB.  SI 

0° 

{UAR£ 

169® 

17 

171° 

s. 

0 

1 
2 
3 
4 
5 
C 

7 
8 
9 

15' 

30' 

45' 

0' 

15' 

30' 

45' 

0' 

15' 

80'    45' 

I1M7" 

llhlS™ 

11*19" 

11  "20" 

llh2l«' 

11 '"22" 

llh23" 

ll'»24» 

11  "25" 

llh26» 

11«>27™ 

/  II 

0  0 

Id 

30 
45 

1  0 
d 

30 
45 

2  0 
15 

96172 
9617s 

96181 
96184 
96187 
96190 
96193 
96196 
96199 

9*9 
96349 

96351 

96354 
96357 
96360 

96363 
96366 
96369 
96372 

96375 

9*9 
96521 

96523 

96526 

96529 

96532 

96535 
96538 

96540 

96543 
96546 

9*9 

96688 

96691 

96694 

96697 

96699 

96702 

96705 

96708 

96711 

96713 

99 
96852 

96855 

96858 

96860 

96863 

96866 

96868 

96871 
96874 
96876 

9*9 
97012 

97c  14 

97017 

97020 

97022 

97025 

97027 

97030 

97033 
97035 

99 
97167 

97170 

97172 

97175 

97177 
97180 

97182 

97185 

97187 
97190 

9'9 

97318 
97321 

97323 
97326 

97328 

97331 

97333 
97336 

97338 
97341 

97465 
97468 

97470 
97473 
97475 
97477 
97480 
97482 

97485 

97487 

9*9 
97608 

97611 

97613 

97615 

97618 

97620 

97622 

97625 

97627 
97629 

99 

97747 

97749 

97752 

97754 

97756 

97758 

97761 

97763 

97765 
97767 

30 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
45 

96202 
96205 
96208 
962 1 1 
96214 
96217 
96220 
96223 
96226 
96229 

96377 
96380 
96383 
96386 
96389 
96392 

96395 
96398 

96401 

96403 

96549 
96552 

96554 

96557 
96560 

96563 

96566 

96569 

96571 

96574 

96716 
96719 
96722 
96724 
96727 
96730 

96733 
96735 
96738 
96741 

96879 
96882 
96884 
96887 
96890 
96892 
96895 
96898 
96900 
96903 

97038 
97040 

97043 
97046 

97048 

97051 

97054 
97056 
97059 
97061 

97193 

97195 
97198 

97200 

97203 

97205 

97208 

97210 

97a  13 
97215 

97343 
97346 
97348 
97351 
97353 
97355 
97358 
97360 

97363 
97365 

97489 
97492 
97494 
97497 
97499 
97501 

97504 
97506 

97509 
97511 

97632 

97634 
97636 
97639 
97641 

97643 
97646 
97648 
97650 
97653 

97770 
97772 

97774 
97776 

97779 
97781 

97783 
97786 

97788 

97790 

10 
11 
12 
13 
14 
15 
16 

17 
18 
19 

5  0 
15 
30 
45 

6  0 
15 
30 
45 

7  0 
15 

96232 
96234 
96237 
96240 
96243 
96246 
96249 
96252 
96255 
96258 

96406 
96409 
96412 
96415 
96418 
96421 
96424 
96426 
96429 
96432 

96577 
96580 

96583 
96585 
96588 
96591 

96593 

96597 
96599 

96602 

96743 
96746 

96749 
96752 

96754 

96757 
96760 

96763 

96765 

96768 

9690^ 
96908 
96911 
96914 
96916 
96919 
96922 
96924 
96927 
96930 

97064 
97067 
97069 
97072 
97074 

97077 

97079 
97082 

97085 

97087 

97218 
97220 
97223 
97226 
97228 
97231 

97233 
97236 

97238 

97241 

97368 
97370 
97373 
97375 
97378 
97380 

97383 
97385 
97387 
97390 

97513 
97516 

97518 
97521 

97523 
97525 
97528 

97530 
97532 
97535 

97655 
97657 
97660 
97662 
97664 
97667 
97669 
97671 

97673 
97676 

97792 

97795 

97797 

97799 
97801 

97804 

97806 

97808 

97810 

97813 

20 
21 
22 
23 
24 
25 
26 

27 
28 

29 

30 
45 

8  0 
15 
30 
45 

9  0 
15 
80 
45 

96261 
96264 
96267 
96270 
96273 
96276 
96279 
9628] 
96284 
96287 

96435 
96438 

96441 

96444 

96447 

96449 
96452 

96455 
96458 

96461 

96605 
96608 
966 1 1 
96613 
96616 
96619 
96622 
96625 
96627 
96630 

96771 

96774 
96776 

96779 
96782 

96784 

96787 
96790 
96792 

96795 

96932 
96935 
96938 
96940 
96943 
96946 
96948 
96951 
96954 

96956 

97090 
97092 

97095 
97098 

97100 

97103 

97J05 

97108 

97111 

97113 

97243 
97246 
97248 
97251 

97253 
97256 

97258 
97261 

97263 
97266 

97392 
97395 
97397 
97400 

97402 

97405 
97407 

97409 
97412 

97414 

97537 
97540 
97542 
97544 
97547 
97549 
97552 
97554 
97556 
97559 

97678 
97680 
97683 
97685 

97687 
97690 
97692 

97694 
97697 
97699 

97815 

97817 
97819 

97822 

97824 
97826 
97828 
97830 
97833 
97835 

30 
31 
32 
33 
34 
35 
36 

37 
38 

39 

iO  0 
15 
30 
45 

11  0 
15 
30 
45 

18  0 
15 

96290 

96293 

96296 

96299 

96302 

96305 

96308 

963 II 

96314 
96317 

96464 
96467 
96469 
96472 

96475 
96478 

96481 

96484 

96487 

96489 

96633 
96636 
96638 
96641 
96644 

96647 
96650 

96652 

96655 
96658 

96798 
96801 
96803 
96806 
96809 
96812 
96814 
96817 
96820 
96822 

96959 
96962 
96964 
96967 
96970 
96972 
96975 
96978 
96980 
96983 

97116 
97118 
97121 
97124 
97126 
97129 

97 '31 

97134 
97136 

97139 

97268 

97271 

97273 
97276 

97278 

97281 

97283 

97286 

97288 

97291 

97417 

97419 
97422 

97424 
97426 

97429 
97431 
97434 
97436 
97439 

97561 

97563 
97566 
97568 
97570 

97573 
97575 
97578 
97580 
97582 

97701 

97703 
97706 
97708 
97710 
97713 
97715 

97717 
97719 

97722 

97837 

97839 
97842 

97844 
97846 
97848 
97850 
97853 
97855 
97857 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

30 
45 

13  0 
15 
SO 
45 

14  0 
15 
80 
45 

96319 
96322 
9632J 
96328 
96331 

96334 

96337 
96340 

96343 

96346 

96492 

96495 
96498 

96501 

96504 

96506 

96509 

96512 

96515 

96518 

96661 
96664 
96666 
96669 
96672 

96675 
96677 

96680 

96683 

96686 

96825 
96828 
96831 

96833 
96836 
96839 
96841 
96844 
96847 
96849 

96985 
96988 
96991 

96993 
96996 

96999 

97001 

97004 

97006 

97009 

97141 

97144 

97147 

97149 
97152 

97154 

97157 

97159 
97162 

97165 

97293 
97296 
97298 
97301 

97303 
97306 

97308 

97311 
97313 
97316 

97441 
97444 
97446 
97448 
97451 
97453 
97456 
97458 
97460 

97463 

97585 

97587 

97589 

9759* 

97594 

97596 

97599 
97601 

97603 

97606 

97724 
97726 

97729 
97731 

97733 
97736 
97738 
97740 

97742 
97745 

97859 
97862 

97864 

97866 

97868 

97870 

97873 

97875 

97877 
97879 

50 
51 
52 
53 
54 
55 
56 

57 
58 
59 
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TABLE  69 


LOG.  SINE  SQUARE                       1 

172° 

173° 

174° 

s. 

0' 

15' 

30' 

45' 

O' 

llh32ni 

15' 

SO' 

45' 

0' 

16' 

SO' 

n»>28'n 

ll»»29™ 

llh30'n 

lll.3|m 

llh33»' 

l|h34n. 

ll''35'» 

U'-SG- 

11 W" 

11">38'» 

0  0 
15 
30 
45 

1  0 
15 
30 
45 

2  0 
15 

9*9 
97882 

97884 

97886 

97888 

97890 

97893 

97895 

97897 

97899 
97901 

9*9 
98013 

98014 

98016 

98018 

98020 

98023 

98025 

98027 

98029 

98031 

9*9 

98138 

98140 
98142 
98144 
98 146 
98149 
98151 
98153 
98155 
98157 

99 
98260 

98262 

98264 

98266 

98268 

98270 

98272 

98274 

98276 

98278 

9.9 

98378 

98380 

98382 

98384 

98386 

98388 

98390 

98392 

98394 
98396 

9*9 
98492 

98494 
98496 

98498 

98500 

98501 

98503 
98505 

98507 

98509 

99 
98602 

98604 

98605 

98607 

98609 

9861 1 

98613 

98614 

98616 

98618 

99 

98707 

98709 

98711 

98713 

98714 

98716 

98718 

98719 

98721 

98723 

99 
98809 

98810 

98812 

98814 

98815 

98817 

98819 

98820 

98822 

9S824 

9*9 
98906 

98908 

98909 

98911 

98912 

98914 

98916 

98917 

98919 

98920 

9'9 

98999 
99001 

99002 

99004 

99005 

99007 
99008 
99010 
99011 
99013 

0 

1 
2 
3 
4 
6 
6 

7 

8 
9 

30 
45 

3  0 
15 
30 
45 

4  0 
15 
30 
45 

97904 
97906 
97908 
97910 
97912 

979' 5 
97917 
97919 

97921 
97923 

98033 
98036 
98038 
98040 
98041 
98044 
98046 
98048 
98050 
98052 

98159 
98161 
98163 
98165 
98167 
98169 
98171 
98173 
98175 
98177 

98280 
982S2 
98284 
98286 
98288 
98290 
98292 
98294 
98296 
98298 

98398 
98400 
98402 
98403 
98405 

98407 
98409 

984 II 

98413 

98415 

98511 
98513 
98514 
98516 
98518 
98520 
98522 

98524 
98526 

98527 

98620 
98621 
98623 
98625 
98627 
98629 
98630 
98632 
98634 
98636 

98725 
98726 
98728 
98730 
98731 
98733 
98735 
98736 
98738 
98740 

98825 
98827 
98829 
98830 
98832 
98834 
98835 
98837 
98838 
98840 

98922 
98923 
98925 
98926 
98928 
98930 
98931 

98933 
98934 

98936 

99014 
99016 

99017 
99019 
99020 
99022 
99023 
99025 
99027 
99028 

10 
11 
12 
13 
14 
15 
16 

17 
l» 
19 

5  0 
15 
30 
45 

6  0 
15 
30 
45 

7  0 
15 

97926 
97928 
97930 

97932 

97934 
97936 

97939 
97941 
97943 
97945 

98054 
98057 
98059 
98061 
98063 
98065 
98067 
98069 
98071 
98074 

98179 
98181 
98183 
98186 
98188 
98190 
98192 
98194 
98196 
98198 

98300 
98302 
98304 
98306 
98308 
98310 
98312 
98314 
98316 
98318 

98417 
98419 
98421 
98422 
98424 
98426 
98428 
98430 
98432 

98434 

98529 
98531 

98533 

98535 

98537 

98539 
98540 

98542 

98544 
98546 

98637 

98639 
98641 

98643 
98644 

98646 

98648 

98650 

98652 

98653 

98742 

98743 

98745 

98747 
98749 

98750 
98752 

98753 
98755 
98757 

98842 
98843 

98845 
98847 
9S848 
98850 
98851 

98853 

98855 
98856 

98938 
98939 
98941 
98942 

98944 
98945 
98947 
98948 

98950 
98951 

99029 
99031 
99032 
99034 

99035 
99037 
99038 

99040 
99041 

99043 

20 
21 
22 
23 
24 
25 
20 

27 

28 

29 

30 
45 

8  0 
15 
30 
45 

9  0 
15 
30 
45 

97947 

97949 
97952 

97954 
97956 

97958 
97960 

97962 

97965 
97967 

98076 
98078 
98080 
98082 
98084 
98086 
98088 
98090 
98092 
98094 

98200 
98202 
98204 
98206 
98208 
98210 
98212 
98214 
98216 
9SZ18 

98320 
98322 
98324 
98326 
98328 
98330 
98332 

98334 
98336 

98338 

98436 
98438 

98440 
98441 

98443 
98445 

98447 

98449 
98451 

98453 

98548 
98549 
98551 

98553 
98555 
98557 
98558 
98560 
98562 
98S64 

98655 
98658 
98659 
98660 
98662 
98664 
98666 
98667 
98669 
98671 

98759 
98760 

98762 

98764 

98765 

98767 

98769 

98770 

98772 

98774 

98858 
98860 
98861 
98863 
98864 
98866 
98868 
98870 
98871 
98872 

98953 

98955 
98956 

98958 

98959 

98961 

98962 

98964 

98965 
98967 

99044 
99046 

99047 
99048 

99050 
99052 
99053 

99054 
99056 

99057 

31 
32 
33 
34 
35 
36 

37 
38 
39 

10  0 
15 
30 
45 

11  0 
15 
30 
45 

12  0 
15 

97969 
97971 

97973 

97975 

97977 
97980 

97982 

97984 
97986 

97988 

98097 
98099 
98101 
98103 
98105 
98108 
9810^ 
98 1 II 
98113 
98115 

98220 
98222 
98224 
98226 
98228 
98230 
98232 
98234 
98236 
98238 

98340 
98342 

98343 

98345 

98347 

98349 
98351 

98353 
98355 
98357 

98455 
98456 

984  5  S 
98460 
98462 
98464 
98466 
98468 
98470 
98472 

98566 
98568 

98569 
98571 

98573 

98575 

98577 

98579 
98580 

98582 

98673 
98674 
98676 

98678 
98680 
98681 
98683 
98685 
98687 
98688 

98775 

98777 

98779 
98781 

98782 

98784 

98786 

98787 
98789 

98791 

98874 
98876 

98877 
98S79 
98881 

98882 
98884 
98885 
98887 
98888 

98969 
98970 
98972 

98973 

98975 
98976 

98978 
98979 

98381 
98982 

99059 
99060 

99062 

99063 

99065 
99066 

99068 
99069 
99071 
99072 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

30 
45 

13  0 
15 
30 
45 

U  0 
15 
30 
45 

97990 

97993 

97995 

97997 

97999 
98001 

98003 

98006 

98008 

98010 

98117 
98120 
98122 
98124 
98126 
98128 
98130 
98132 
98134 
98136 

98240 
98242 
98244 
98246 
98248 
98250 
98252 
98254 
98256 
98258 

98359 
98361 

98363 

98365 
98367 

98369 
98371 

98373 

98375 
98376 

98473 
98475 
98477 
98479 
98481 

98483 
98485 

98487 
98488 
98490 

98584 
98586 

98588 

98589 
98591 

98593 

98595 
98596 

98598 
98600 

98690 
98692 
98694 

98695 
98697 

98699 

98701 

98702 

98704 

98706 

98792 

98794 

98796 

98797 

98799 
98800 

98802 

98804 

98805 

98807 

98890 
98892 
98893 
98895 
98896 
98898 
98900 
98901 

98903 
98904 

98984 

98985 
98987 

98989 
98990 
98992 
98993 
98995 
98996 
98998 

99074 

99075 
99076 

99078 
99079 
99081 
99082 
99084 
99085 
99087 

50 
51 
52 
53 
64 
56 
66 

57 
68 
69 
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TABLE  69 


845 


IjOO.  sine  square                I 

174° 

175° 

176° 

177^ 

8. 

45' 

0' 

15' 

30' 

45' 

0' 

16' 

30' 

45' 

0' 

16' 

1 1»»39» 

1 1»»40'° 

llMl™ 

11M2" 

11M3™ 

nh44m 

llMS" 

llh46'» 

ll»»47'" 

IIMS"' 

nh49m 

0  0 
15 
30 
45 

1  0 
15 
30 
45 

2  0 
15 

9*9 
99088 

99089 

99091 

99092 

99094 
99095 

99097 

99098 

99100 

99101 

9*9 

99173 

99174 
99176 

99177 

99178 

99180 

99181 

99183 

99184 

99185 

9*9 

99*54 

99*55 

99*56 

99*57 

99*59 
99260 

99261 

99263 

99264 

99*65 

9-9 

99330 

99331 

99333 

99334 

99335 

99336 

99337 

99339 
99340 

99341 

9*9 
99402 

99404 
99405 

99406 

99407 

99408 

99409 

9941 1 

99412 

99413 

9*9 

99471 
99472 

99473 
99474 
99475 
99476 

99477 
99478 

99479 
99481 

9*9 

99535 

99536 

99537 

99538 

99539 
99540 

99541 
9954* 
99543 
99544 

9*9 

99595 
99596 

99597 

99598 

99599 
99600 

99600 

99601 

99602 

99603 

9*9 
99651 

99651 

99652 

99653 

99654 

99655 
99656 

99657 
99658 

99659 

9*9 
99702 

99703 
99704 
99705 
99706 
99706 

99707 
99708 

99709 
99710 

99 

99750 

9975" 

9975" 
99752 

99753 

99754 

99754 

99755 
99756 

99757 

99757 
99758 

99759 
99760 

99760 
99761 
99762 
99763 
99763 
99764 

0 

1 
2 
3 
4 
5 
6 

7 

8 
9 

10 
11 
12 
13 
14 
Id 
16 

17 

18 

19 

30 
45 

8  0 
15 
30 
45 

4  0 
15 
80 
45 

99103 
99104 
99105 
99107 
99108 
99 1 10 
99111 
99113 
99114 
99115 

99187 
99188 
99189 
99191 
99192 
99193 

99>95 
99196 

99197 
99199 

99267 
99268 
99269 
99270 
99272 

99*73 

99*74 
99276 

99*77 
99*79 

99342 

99344 
99345 
99346 
99347 
99349 
99350 

99351 
99352 

99353 

99414 

9941 'J 
99416 

99418 

99419 

994*0 
99421 
99422 

994*3 
994*4 

99482 

99483 
99484 

99485 

99486 

99487 

99488 

99489 
99490 
99491 

99545 
99546 
99547 
99548 

99549 
99550 

9955' 
9955* 
99553 
99554 

99604 
99605 
99606 
99607 
99608 
99609 
99610 
996 1 1 
99612 

99613 

99659 
99660 
99661 
99662 
99664 
99664 
99665 
99666 
99666 
99667 

99711 

99711 
99712 

99713 

997  H 

99715 

99715 
99716 

99717 
99718 

8  0 
15 
30 
45 

6  0 
15 
30 
45 

7  0 
15 

99117 
991 18 
99120 
991 2 1 
99123 
99124 
99125 
99127 
99128 
99130 

99200 
99202 
99203 
99204 
99206 
99207 
99208 
99210 
992 1 1 
99212 

99280 
99281 
99282 
99283 
99285 
99286 
99287 
99288 
99290 
99291 

99355 
99356 

99357 

99358 
99360 

99361 

99362 

99363 
99364 

99366 

99426 

994*7 
994*8 

994*9 
99430 

99431 
99433 
99434 
99435 
99436 

9949* 

99494 

99495 

99496 

99497 

99498 

99499 
99500 

99501 

99502 

99555 
99556 
99557 
99558 

99559 
99560 

99561 
99562 

99563 
99564 

99614 
99615 
99616 
99617 
99618 
99618 

99619 
99620 

99621 

99622 

99668 
99669 
99670 

99671 
99672 
99673 

99673 
99674 

99675 
99676 

99719 

99719 
99720 

99721 

99722 

997*3 

997*3 
99724 

997*5 
99726 

99765 
99765 
99766 

99767 
99768 

99768 

99769 
99770 
99771 
9977" 

20 
21 
22 
23 
24 
25 
26 

27 
28 
29 

80 
45 

8  0 
15 
30 
4S 

0  0 
15 
30 
45 

99131 
99132 

99134 

99135 
99137 

99139 
99140 

99141 

99142 

99144 

99214 
99215 
99216 
99218 
99219 
99220 
99222 
99223 
99224 
99226 

99292 

99*94 

99*95 
99296 

99*97 
99298 
99300 
99301 
99303 

99304 

99367 
99368 

99369 

99370 
99372 

99373 

99374 

99375 
99376 

99378 

99437 
99438 

99439 
99440 
99442 

99443 
99444 
99445 
99446 
99447 

99503 
99504 
99505 
99506 

99507 

99509 
99510 

99511 

99512 

99513 

99565 
99566 

99567 
99568 
99569 

99570 

99571 
99572 

99573 
99574 

99623 
99624 
99625 
99626 
99627 
99628 
99629 
99630 

99631 
99631 

99677 
99678 

99679 
99680 

99680 
99681 
99682 
99683 
99684 
99685 

99727 

997*7 
997*8 

997*9 
99730 
9973* 
99731 
9973* 
99733 
99734 

9977* 
99773 
99773 
99774 
99775 
99776 
99776 

99777 
99778 

99779 

30 
31 
32 
33 
34 
35 
36 

37 
38 
39 

40 
41 
42 
48 

44 
45 
46 

47 

48 
49 

10  0 
15 
30 
45 

11  0 
15 
80 
45 

19  0 
15 

99145 
99146 

99148 

99149 

99151 

99152 

99153 

99155 
99156 

99158 

99227 
99228 

99*30 
99231 

99232 

99234 

99»35 
99236 

99238 

99239 

99305 
99306 

99308 

99309 
99310 

993" 
99312 

993  H 

99315 
99316 

99379 
99380 

99381 

99382 

99384 
99385 
99386 

99387 
99388 
99389 

99448 

99450 

9945" 
99452 

99453 
99454 
99455 
99456 
99457 
99459 

99514 

99515 
99516 

99517 
99518 

99519 
995*0 

995*1 
99522 

995*3 

99575 
99576 

99577 
99578 

99579 
99580 

99581 

99582 

99583 
99584 

99632 

99633 
99634 

99635 

99636 

99637 
99638 
99639 
99640 
99641 

99686 
99686 
99687 
99688 
99689 
99690 
99691 
99692 
99692 

99693 

99734 
99735 
99736 
99737 
99737 
99738 
99739 
99740 
9974" 
99741 

99779 
99780 

99781 
99781 
99782 
99783 

99784 

99784 

99785 
99786 

30 
45 

18  0 
16 
30 
45 

U  0 
15 
30 
45 

99159 
99160 

99162 

99163 

99165 

99166 

99167 

99169 

99170 

99172 

99240 
9924a 
99243 

99*44 
99246 

99247 

99248 

99250 

99251 

99252 

99318 
99319 
99320 
99321 
99323 

993H 

99i*5 
99326 

99328 

99329 

99391 
99392 

99393 
99394 
99395 
99397 
99398 
99399 

99400 
99401 

99460 
99461 
99462 
99463 

99464 

99465 
99466 

99467 

99469 
99470 

995*4 
995*5 
995*6 
99527 

995*9 
99530 

99531 
99532 

99533 
99534 

99585 
99586 

99587 
99588 

99589 

99590 

9959" 
99592 

99593 
99594 

99642 
99642 

99643 

99644 
99645 

99646 

99647 
99648 
99649 

99650 

99694 

99695 
99696 

99697 

99697 
99698 

99699 
99700 

99701 
99702 

9974* 
99743 
99744 
99744 
99745 
99746 

99747 
99748 
99748 
99749 

99786 
99787 
99788 
99788 

99789 
99790 
99790 

9979" 
99792 

99793 

50 
51 
58 
58 

54 
55 
56 

57 
58 
59 
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LOO.  SINB  SQUARE                      1 

177^ 

178^ 

179°         1 

8. 

30' 

46' 

0* 

15' 

SO' 

45' 

0' 

16' 

30' 

45' 

I  X^bO"* 

nh5ia. 

llh52... 

11  •'53'" 

n»'54- 

ll>>55"' 

iihse- 

1 1'»57'» 

n>>68- 

ll>»  50- 

/  // 

9'9 

9.9 

9'9 

99 

99 

99 

9.9 

99 

9*9 

0  0 

99793 

99833 

99868 

99899 

99926 

99948 

99967 

99981 

99991 

9*999998 

0 

15 

99794 

99833 

99868 

99899 

99926 

99949 

99967 

99982 

99992 

9999998 

1 

30 

99795 

99834 

99869 

99900 

99926 

99949 

99967 

99982 

99992 

9999998 

3 

45 

99795 

99834 

99869 

99900 

99927 

99949 

99968 

99982 

99992 

9999998 

3 

1  0 

99796 

99835 

99870 

99901 

99927 

99950 

99968 

99982 

99992 

9999998 

4 

15 

99797 

99836 

99870 

99901 

99928 

99950 

99968 

99982 

99992 

9999998 

5 

30 

99797 

99836 

99871 

99902 

99928 

99950 

99969 

99983 

99993 

9  999998 

6 

45 

99798 

99837 

99871 

99902 

99928 

99951 

99969 

99983 

99993 

9999998 

7 

2  0 

99799 

99838 

99872 

99903 

99929 

9995 » 

99969 

99983 

99993 

9-999998 

8 

15 

99799 

99838 

99873 

99903 

99929 

99951 

99969 

99983 

99993 

9999998 

9 

30 

99800 

99839 

99873 

99903 

99930 

99952 

99970 

99983  99993 

9999998 

10 

45 

99S01 

99839 

99874 

99904 

99930 

99952 

99970 

99984  99993 

9999998 

11 

8  0 

99801 

99840 

99874 

99904 

99930 

99952 

99970 

99984 

99993 

•9*999999 

12 

15 

99802 

99841 

99875 

99905 

99931 

99953 

99970 

99984 

99993 

9.999999 

13 

30 

99803 

99841 

99875 

99905 

99931 

99953 

99971 

99984 

99994 

9.999999 

14 

45 

99804 

99842 

99876 

99906 

99932 

99953 

99971 

99984 

99994 

9*999999 

15 

4  0 

99804 

99842 

99876 

99906 

99932 

99954 

99971 

99985 

99994 

9.999999 

16 

15 

99805 

99843 

99877 

99907 

99932 

99954 

99971 

99985 

99994 

9*999999 

17 

30 

99806 

99844 

99877 

99907 

99933 

99954 

99972 

99985 

99994 

9*999999 

18 

45 

99806 
99807 

99844 

99878 

99908 

99933 

99955 

99972 

99985 

99994 

9.999999 

19 

6  0 

99845 

99878 

99908 

99934 

99955 

99972 

99985 

99994 

9999999 

20 

15 

99808 

99845 

99879 

99908 

99934 

99955 

99972 

99985 

99994 

9.999999 

21 

30 

99808 

99846 

99880 

99909 

99934 

99956 

99973 

99986 

99994 

9*999999 

22 

45 

99809 

99846 

99880 

99909 

99935 

99956 

99973 

99986 

99994 

9.999999 

23 

9  0 

99810 

99847 

99881 

99910 

99935 

99956 

99973 

99986 

99995 

9.999999 

24 

15 

998x0 

99848 

99881 

99910 

99936 

99957 

99973 

99986 

99995 

\    9.999999 

25 

30 

99811 

99848 

99882 

999 II 

99936 

99957 

99974 

99986 

99995 

9*999999 

26 

46 

9981 1 

99849 

99882 

99911 

99936 

99957 

99974 

99987 

99995 

9.999999 

27 

7  0 

99812 

99849 

99883 

99912 

99937 

99958 

99974 

99987 

99995 

9*999999 

28 

15 

99813 

99850 

99883 

99912 

99937 
99937 

99958 

99974 

99987 

99995 

9*999999 

29 

30 

99813 

9985X 

99884 

999*3 

99958 

99975 

99987 

99995 

9.999999 

30 

45 

99814 

99851 

99884 

99913 

99938 

99958 

99975 

99987 

99995 

9.999999 

31 

8  0 

99815 

99852 

99885 

99914 

99938 

99959 

99975 

99987 

99996 

9.999999 

32 

15 

99815 

99852 

99885 

99914 

99939 

99959 

99975 

99988 

99996 

9.999999 

S3 

80 

99816 

99853 

99886 

99914 

99939 

99959 

99976 

99988 

99996 

9.999999 

34 

45 

99817 

99854 

99886 

999 '5 

99939 

99960 

99976 

99988 

99996 

10  000000 

35 

9  0 

99817 

99854 

99887 

999«5 

99940 

99960 

99976 

99988 

99996 

10*000000 

36 

15 

99S18 

99855 

99887 

99916 

99940 

99960 

99976 

99988 

99996 

lo-ooooco 

37 

30 

99819 

99855 

99888 

99916 

99940 

99961 

99977 

99988 

99996 

10*000000 

38 

46 

99819 

99856 

99888 

99917 

99941 

99961 

99977 

99989 

99996 

lo-oocooo 

39 

10  0 

99820 

99856 

99889 

99917 

99941 

99961 

99977 

99989 

99996 

lO'CCOOOO 

40 

15 

99821 

99857 

99889 

99918 

99942 

99961 

99977 

99989 

99996 

lO'OCCOOO 

41 

30 

99821 

99858 

99890 

99918 

99942 

99962 

99977 

99989 

99996 

lO'OCOOOO 

42 

45 

99822 

99858 

99890 

99918 

99942 

99962 

99978 

99V89 

99997 

lO'OCCOCO 

43 

11  0 

99822 

99859 

99891 

99919 

99943 

99962 

99978 

99989 

99997 

10*000000 

44 

15 

99823 

99859 

99891 

99919 

99943 

99963 

99978 

99990 

99997 

lo-ocooco 

45 

30 

99824 

99860 

99892 

99920 

99943 

99963 

99978 

99990 

99997 

lO'OOOOOO 

46 

45 

99824 

99860 

99892 

99920 

99944 

99963 

99979 

99990 

99997 

IO*COOOOO 

47 

13  0 

99825 

99861 

99893 

99920 

99944 

99964 

99979 

99990 

99997 

lO'COCOOO 

48 

15 

99826 

99862 

99893 

9992  X 

99944 

99964 

99979 

99990 

99997 

IO*COOOOO 

49 

30 

99826 

99862 

99894 

99921 

99945 

99964 

99979 

99990 

99997 

lO'OCOOCO 

50 

45 

99827 

99863 

99894 

9992a 

99945 

99964 

99979 

99990 

99997 

XO*OCOOOO 

61 

13  0 

99827 

99863 

99895 

99922 

99946 

99965 

99980 

99991 

99997 

10*000000 

52 

15 

99828 

99864 

.99895 

99913 

99946 

99965 

99980 

99991 

99997 

lO'OCOOOO 

53 

30 

99829 

99864 

99896 

99923 

99946 

99965 

99980 

99991 

99997 

10*000000 

54 

45 

99829 

99865 

99896 

99923 

99947 

99966 

99980 

99991 

99998 

10*000000 

55 

14  0 

99830 

99865 

99897 

99924 

99947 

99966 

99981 

99991 

99998 

lO'OOOCCO 

56 

15 

99831 

99866 

99897 

99924 

99947 

99966 

99981 

99991 

99998 

lo-coooco 

57 

30 

99831 

99S66 

99898 

99915 

99948 

99966 

99981 

99991 

99998 

lO'OOOOOO 

68 

45 

99832 

99867 

99868 

99925 

99948 

99967 

99981 

99992 

99998 

lOTCCOCO 

69 
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LOGARITHMS 
FOR  COMPUTINO  THE  REDUCTION  TO  THE  MERIDIAN,  AT  SEA. 

Part  I.  Latitude  and  Declination  of  the  same  name. 

DECLIlTATlOir. 

Ut 

Lat. 

0° 

P 

2^ 

S« 

4** 

5« 

ep 

r 

8° 

9° 

lO** 

11° 

^ 

1*359 

1-279 

1*212 

1*153 

i-ioi 

1*055 

1*012 

0« 

1 

1-358 

1*278 

1*211 

1-152 

i-ioo 

1*053 

1 

S 

1*357 

1-277 

1*209 

1*151 

1*098 

2 

3 

1*356 

1*276 

1*208 

1-149 

8 

4 

1-354 

1*274 

1'206 

4 

Ik 

>-359 

1-352 

1-272 

5 

6 

1-279 

1-358 

1-350 

6 

7 

1*212 

1-278 

i'357 

7 

« 

1-153 

I'2II 

1*277 

1*356 

8 

9 

I'lOI 

1*152 

1*209 

1*276 

i'354 

9 
10 

10 

1055 

I'lOO 

1*151 

I-208 

1-274 

1-352 

11 

I-OI2 

1*053 

1-098 

1*149 

1*206 

1*272 

'•350 

11 

12 

0-974 

1*011 

1*051 

1*097 

1*147 

1*204 

1-270 

1-348 

12 

13 

0*938 

0-972 

1-009 

1*049 

1-094 

1*145 

1*20I 

1-267 

1345 

13 

14 

0-904. 

0-936 

0*970 

1*007 

1-047 

1-092 

I   142 

I*  199 

1-264 

1-34* 

14 

15 

0*873 

0-902 

0-934 

0*967 

1-004 

1*045 

1*089 

1*139 

1-196 

1-261 

1-339 

15 

16 

0-844 

0*871 

0-900 

0931 

0-965 

1'002 

1*042 

1*086 

1*136 

1-193 

1*258 

1-336 

16 

17 

o'8i6 

0*841 

0-868 

0*897 

0*928 

0*962 

0-999 

1*039 

1-083 

1-133 

1*189 

i-»54 

17 

18 

0-789 

0-813 

0-839 

0-866 

0-895 

0-925 

0-959 

0-995 

1*035 

1*080 

1-129 

1*185 

18 

19 

0764 

0-787 

o-8ii 

0-836 

0*863 

0*891 

0-922      0*956 

0*992 

1*032 

1*076 

1*125 

19 

20 

0-740 

0-761 

0-784 

0-807 

0-833 

0-859 

0-888 

0919 

0*952 

0*988 

1*028 

1-072 

20 

21 

0-717 

0-737 

0758 

0-781 

0*804 

0-829 

0-856 

0-884 

0-915 

0*948 

0-984 

1*023 

21 

22 

0-695 

0-714 

0-734 

0-755 

0777 

0*801 

0*825 

0-852 

0*880 

0-911 

0-944 

0*980 

22 

23 

0*673 

0-691 

0*710 

0-730 

0*751 

0773 

0*797 

0-821 

0*848 

0-876 

0*906 

0-939 

23 

24 

0-652 

0*670 

0-688 

0*707 

0*727 

0-747 

0*769 

0-793 

0*817 

0*844 

0-871 

0*902 

24 

26 

0-632 

0*649 

0*666 

0-684 

0-703 

0-723 

0743 

0-765 

0-788 

0-813 

0-839 

0-867 

25 

20 

0-613 

0*629 

0-645 

o*66z 

o-68o 

0*699 

0*718 

0739 

0-760 

0*783 

0-808 

0*834 

26 

27 

0-594 

0-609 

0*625 

0*641 

0-658 

0*676 

0-694 

0-714 

0-734 

0-756 

0-778 

0*803 

27 

28 

0575 

0*590 

0*605 

0*620 

0-637 

0*653 

0-671 

0-689 

0-709 

0-729 

0-750 

0*773 

28 

29 

o'S57 

0*571 

0*586 

0*600 

0*616 

0*632 

0-649 

0-666 

0-684 

0-703 

0-724 
0-698 

0-745 

29 

30 

0-540 

0-553 

0*567 

0*581 

0-596 

o*6ii 

0*627 

0-643 

0-661 

0-679 

0-718 

30 

31 

0-522 

0-535 

0-548 

0*562 

0*576 

0*591 

o-6o6 

0-622 

0-638 

0*655 

0*673 

0*692 

31 

32 

0-505 

0*518 

0*530 

0-54-3 

0-557 

0-571 

0-585 

o-6oo 

0-616 

0-632 

0*649 

0-607 

32 

33 

0-489 

0*500 

0*513 

0*525 

0*538 

0*551 

0-565 

0-580 

0*594 

o-6io 

0-626 

0*643 

83 

34 

0-472 

0-483 

0-495 

0*507 

0-519 

0*532 

0-546 

0-559 

0-574 

0*588 

0-604 

o-6zo 

34 

35 

0-456 

0*467 

0*478 

0*489 

0*501 

0*514 

0-526 

0*540 

0-553 

0-567 

0*582 

o*597 

35 

38 

0-440 

0*450 

0*461 

0*472 

0*484 

0-495 

0*508 

0-520 

0-533 

0-548 

0*560 

0-575 

36 

37 

0-424 

0-434 

0*445 

0-455 

0*466 

0*478 

0*489 

0-501 

0-514 

0*526 

0*540 

0-553 

37 

38 

0-408 

0*418 

0*428 

0*438 

0*449 

0-460 

0*471 

0*482 

0*494 

0-507 

0*519 

0*532 

38 

39 

0-393 

0-402 

0*412 

0*422 

0*432 

0-H2 

0-453 

0*464 

0-475 

0*487 

0*499 

0*512 

39 

40 

0-377 

0*386 

0*396 

0*405 

0*415 

0-425 

0-435 

0-447 

0-457 

0-468 

0*480 

0-492 

40 

41 

0*362 

0*371 

0*380 

0*389 

0-398 

0-408 

0-418 

0*428 

0-438 

0-449 

0-460 

0*472 

41 

42 

o'347 

0-355 

0*364 

0*373 

0*382 

0-391 

0*400 

0-410 

0*420 

0-431 

b-441 

0*452 

42 

43 

0-331 

0*340 

0-348 

0-356 

0-365 

0-37+ 

0-383 

0-393 

0-402 

0-412 

0-422 

0*433 

43 

44 

0-316 

0*324 

0*332 

0*340 

0-349 

0-357 

0-366 

0-375 

0-384 

0-394 

0*404 

0*414 

44 

45 

0-301 

0-309 

0*316 

0*324 

0*333 

0-341 

0-349 

0*358 

0*367 

0-376 

0*385 

0*395 

45 

46 

0-286 

0-293 

0*301 

0-308 

0*316 

0-324 

0*332 

0*341 

0-349 

0-358 

0-367 

0*376 

48 

47 

0-271 

0*278 

0*285 

0*292 

0*300 

0-308 

0-315 

0*323 

0-331 

0*340 

0-349 

0*358 

47 

48 

0-255 

0-262 

0*269 

0*276 

0-284 

0*291 

0*299 

0*306 

0*314 

0*322 

0*331 

0*339 

48 

49 

0*240 

0-247 

0*254 

0*260 

0*267 

0*275 

0-282 

0*289 

0*297 

0*305 

0*312 

0*321 

49 

50 

0*225 

0*231 

0*238 

0*244 

0-251 

0*258 

0-265 

0*272 

0-279 

0*287 

0*294 

0-302 

50 

51 

0-209 

0*2l6 

0*222 

0*228 

0*235 

0-241 

0-248 

0*255 

0*262 

0*269 

0*276 

0-284 

51 

52 

0-194 

0*200 

0-206 

0-212 

0-218 

0-225 

0-231 

0-238 

0-244 

0*251 

0-258 

0-265 

52 

53 

0*178 

0*184 

0-190 

0*196 

0-202 

0-208 

0*214 

0*220 

0-227 

0*233 

0*240 

0*247 

53 

54 

0*162 

o*i68 

0*173 

0-179 

0-185 

0-191 

0*197 

0*203 

0-209 

0*215 

0*222  1 

0-228 

54 

55 

0*146 

0*152 

0*157 

0-162 

0*168 

0-174 

0-179 

0*185 

0-191 

0*197 

0*204 

0-2I0 

55 

56 

0-130 

0-135 

0*140 

0*146 

0*151 

0-156 

0*162 

0*168 

0-173 

0*179 

0*185 

0-191 

56 

57 

0*114 

0*118 

0-124 

0*129 

0*134 

0-139 

0-144 

0*150 

0*155 

0*160 

0-166 

0-172 

57 

58 

0*097 

o-ioo 

o-io6 

o-iii 

0*116 

0'12I 

0*126 

0*131 

0*137 

0*142 

0*148 

0-153 

68 

59 

0080 

0-084 

0*089 

0*094 

0*098 

o'io3 

0*108 

0*113 

0*118 

0*123 

0-128 

0-134 

59 
60 

60 

0*062 

0*067 

0*071 

0*076 

0*080 

0*085 

0*090 

0*094 

0099 

0*104 

0*109 

0*114 

61 

0*045 

0-049 

0*053 

0*058 

0-062 

0*066 

0-071 

0-075 

0*080 

0*085 

0*089 

0*094      61   1 

02 

0*027 

0*031 

0035 

0-039 

0*043 

0*047 

o-ofa 

0*056 

0-060 

0-065 

0*069 

0-074      02  1 
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LOGARITHMS                                                                 1 

FOR  COMPUTING  THE  REDUCTION  TO  THE  MERIDIAN,  AT  SEA.            | 

Part  I.  Latitude  and  Declination  of  the  same  name.                         | 

Lat. 

Declinatiok. 

Ut 

12^ 

13° 

14° 

16° 

16° 

\T 

18° 

10° 

20° 

21° 

22° 

23° 

if" 

0-974 

0*938 

0^904 

0-873 

0*844 

0-816 

0*789 

0*764 

0-740 

0-717 

0-695 

0*673 

0° 

1 

I'OII 

0*972 

0*936 

0*902 

0*871 

0*841 

0*813 

0-787 

0-761 

0-737 

0*714 

0*691 

1 

2 

i"05i 

1*009 

0*970 

0-934 

0-900 

0-868 

0-839 

0*811 

0-784 

0*758 

0-734 

0*710 

2 

3 

ro97 

1*049 

1*007 

0*967 

0*931 

0*897 

0*866 

0*836 

0*807 

0-781 

0-755 

0*730 

S 

4 

ri47 

1*094 

1-047 

1*004 

0*965 

0*928 

0*895 

0*863 

0-833 

0-804 

0-777 

0*751 

4 

6 

1*204 

1*145 

1*092 

1*045 

1'002 

0*962 

0*925 

0*891 

""'III 

0-829 

0-801 

0*773 

ft 

6 

1*270 

1-201 

1*142 

1*089 

1*042 

0*999 

0-959 

0*922 

0*888 

0*856 

0*825 

0-797 

6 

7 

1*348 

1*267 

1*199 

1*139 

1*086 

1*039 

0*995 

0-956 

0-919 

0*884 

0-852 

0*821 

7 

8 

>'345 

1*264 

1*196 

1*136 

1*083 

1*035 

0*992 

0-952 

0*915 

0-880 

0-848 

8 

9 

i'34a 

1-261 

I-I93 

1*133 

1*080 

1*032 

0-988 

0*948 

0-911 

0*876 

9 

10 

1*339 

1258 

1189 

1*129 

1*076 

1*028 

0*984 

0-944 

0*906 

10 

U 

1*336 

1*254 

1-185 

1-125 

1*072 

1*023 

0*980 

0-939 

11 

12 

1*332 

1-250 

1-181 

1*121 

1*067 

1*019 

0-975 

IS 

13 

1-328 

1*246 

1*177 

i'ii6 

1-063 

1*014 

13 

14 

1*323 

1-242 

1*172 

1*112 

1-058 

14 

15 

1-319 

i»37 

1-167 

1-106 

15 

16 

1-314 

1-232 

1-162 

16 

17 

i'33* 

• 

1-308 

1*226 

17 

18 

1*250 

1*328 

1*303 

18 

1!) 

1*181 

1*246 

1-323 

10 

20 

1*121 

1*177 

1*242 

1*319 

ao 

21 

1*067 

i*ii6 

1-172 

1*237 

1-314 

21 

22 

1*019 

1*063 

1*112 

1*167 

1*232 

1*308 

22 

23 

o*975 

1*014 

1-058 

1-106 

1*162 

1*226 

1-303 

23 

24 

o*934 

0*970 

1-OC9 

1-052 

I'lOl 

1*156 

1*221 

1-297 

24 

25 

0*897 

0*929 

0*965 

1*004 

1*047 

1-095 

1*151 

1*215 

1*291 

2ft 

26 

o*86i 

0*890 

0*924 

0*959 

0*998 

1*041 

1*090 

1*144 

1*208 

1-285 

26 

27 

0*828 

0*856 

0-886 

0*918 

0-953 

0*992 

1-035 

1*083 

1-138 

1-202 

1*278 

27 

28 

o*797 

0*823 

0-850 

0*880 

0*912 

0-947 

0-986 

1*028 

1-076 

1-131 

1-195 

1*271 

28 

29 
31) 

0*767 

0*791 

0*817 

0-844 

0*874 

0*906 

0*940 

0-979 

1-021 

1-069 

I-I24 

i-i88 

29 

0-739 

0*761 

0*785 

0*811 

0-838 

0*867 

0*899 

0-934 

0-972 

1*014 

1-062 

1-117 

30 

31 

0*712 

o'733 

0-755 

0-779 

0*804 

0*831 

0*860 

0*892 

0-926 

0-965 

1-007 

1*055 

31 

32 

o*686 

0*706 

©•726 

0-748 

0-772 

o*797 

0*824 

0*853 

0-885 

0-919 

0-957 

0*999 

32 

33 

o*66i 

0*679 

0*699 

0*720 

0-742 

0*765 

0-790 

0*817 

0-846 

0*877 

0*911 

0949 

33 

34 

0*636 

0*654 

0*672 

0*692 

0-712 

0-734 

0*757 

0*782 

0*809 

0-838 

0-869 

0*903 

34 

35 

0*612 

0*630 

0-647 

0*665 

0*685 

0-705 

0-727 

0-750 

0774 

0-801 

0-829 

0*861 

35 

36 

0*590 

o'6o6 

0*622 

0*640 

0*658 

0*677 

0*697 

0*719 

0*742 

0*766 

0-792 

0*821 

36 

37 

0-568 

0*583 

0-598 

0-615 

0*632 

0*650 

0*669 

0*689 

0*710 

0733 

0*758 

0*784 

37 

38 

0*546 

0*560 

0-575 

0-591 

0*607 

0*624 

0*642 

0*661 

0*681 

0*702 

0*724 

0-749 

38 

3f) 

0*525 

0*538 

0-552 

0-567 

0*5P2 

0-599 

0*615 

0*633 

0-652 

0*672 

0*693 

0*715 

39 

40 

0*504 

0-517 

0*530 

0-544 

0*559 

0-574 

0*590 

0-607 

0*624 

0*643 

0*662 

0*683 

40 

41 

0*484 

0-496 

0509 

0-522 

0*536 

0-550 

0*565 

0-581 

0-597 

0-615 

0*633 

0*653 

41 

42 

0*464 

0-475 

0487 

0-500 

0-513 

0-527 

0-541 

0*556 

0-572 

0-588 

0*605 

0*623 

42 

43 

0*444 

0-455 

0*466 

0*478 

0-491 

0-504 

0*517 

0*532 

0-546 

0-562 

0-578 

o'595 

43 

44 

0*424 

0-435 

0*446 

0-4S7 

0*469 

0-482 

0*494 

0*508 

0*522 

0-536 

o*55» 

0*568 

44 

45 

0*405 

0-415 

0*426 

0*436 

0*448 

0*460 

0*472 

0*484 

0-498 

0-511 

0-526 

0-541 

45 

46 

0*386 

0*395 

0-405 

0-416 

0*427 

0-438 

0-449 

0*461 

0-474 

0-487 

0-501 

0-5x5 

46 

47 

0*367 

0-376 

0  386 

0-396 

0*406 

0*416 

0-427 

0*439 

0-451 

0*4^3 

0-476 

0-490 

47 

48 

0*348 

0-357 

0*366 

0-375 

0*385 

0^305 

0-406 

0*417 

0-428 

0*440 

0*452 

0-465 

48 

49 
fio" 

0*329 
0*310 

0-337 

0*346 

0-355 
0*335 

0*365 

0-374    0-384 

0-395 

0*405 

0*4x7 

0*428 

0-440 

49 

0-318 

0*327 

o*344 

0-354 

0-363 

0*373 

0*383 

0-394 

0-405 

0*416 

50 

51 

0*291 

0*299 

0*307 

0*316 

0324 

0*333 

0-342 

0*351    0*361 

0-371 

0-381 

0-392 

51 

52 

0-273 

0*280 

0*288 

0*296 

0*304 

0-312 

0*321 

0-330 

0-339 

0-349 

0-359 

0*369 

52 

53 

0*254 

0*261 

0*269 

0-276 

0*284 

0-292 

0*300 

0-309 

0*317 

0*326 

0-336 

0*346 

53 

54 

0-235 

0*242 

0*249 

0-257 

0*264 

0-271 

0*279 

0-287 

0*296 

0*304 

0*313 

0-322 

54 

55 

0*216 

0*223 

0*230 

0-236 

0*244 

0-251 

0-258 

0-266 

0*274 

0*282 

0*291 

0-299 

55 

58 

0*197 

0*204 

0-210 

0-217 

0-223 

0*230 

0*237 

0*245 

0*252 

0*260 

0*268 

0-277 

56 

57 

o*i>8 

0  184 

0*190 

0-197 

0*203 

0*2I0 

0*216 

0-223 

0*231 

0*238 

0*246 

0-254 

57 

58 

0159 

0*164 

0*170 

0*176 

0*183 

0-189 

0*195 

0-202 

0-209 

0*216 

0*223 

0-231 

58 

59 
GO 

0*139 

0*145 

0*150 

0-156 

0*162 

0-168 

0-174 

0*180 

0-187 

0-194 

0*201 

0-208 

59 

0*119 

0*125 

0*130 

0-135 

0*141 

0-I47 

0-153 

0-159 

0-165 

0*171 

0*178 

0*185 

60 

81 

0*099 

0*104    0*109 

0*115 

0*120 

0*125 

0*131 

0-137 

0*143 

0*149 

0*155 

0-161 

61 

62 

0*079 

0*084    0*088 

0-093 

0099 

0*104 

0*110 

0-115 

0-120 

0*126    0*132    0*138 

82 
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LOGARITHMS 

1 

FOR  COMPUTING  THE  REDUCTION  TO  THE  MERIDIAN,  AT  SEA. 

Part  II.  Latitude  and  Declination  o^  contrary  Names. 

Ut. 

Declination. 

Lat. 

0°    1     1° 

2° 

3« 

4° 

5° 

&" 

r 

8° 

9° 

\^       \V 

0° 

1*359 

1-279 

1-212 

1*153 

i-ioi 

1-055       I-012 

0 

1 

1-360 

1*280 

1*213 

1*154 

1*102 

1-056 

1*014 

0-975 

1 

9 

1-360 

1*281 

1*213 

1*155 

1*103 

1-057 

1*015 

0*976 

0*941 

2 

S 

1*360 

1*281 

1-213 

1-155 

1*104 

1*058 

1*016 

0-977 

0-942 

0*909 

3 

4 

1-360 

1-280 

1-213 

1155 

1-104 

1*058 

1*016 

0-978 

0-943 

0-910 

0*879 

4 

5 

i'359 

1*280 

1-213 

1-155 

1-1Q4 

1-058 

1*016 

0*978 

0*943 

0*910 

0*880 

0-851 

5 

6 

1-279 

1-213 

1-155 

1*104 

1-058 

1-016 

0*979 

0*943 

0*911 

o*88o 

0-852 

0-825 

6 

7 

1*212 

1*154 

1*103 

1-058 

i-oi6 

0-978 

o*943 

0*911 

0881 

0-851 

0*825 

0-800 

7 

8 

J'i53 

I' 102 

1-057 

1-016 

0-978 

0-943 

0-911 

o*88i 

0*852 

0-825 

o*8co 

0*776 

8 

9 

I'lOI 

1*056 

1*015 

0-977 

0-943 

0-910 

0-880 

0*852 

0*825 

0*800 

0*776 

0-754 

9 
10 

10 

I-055 

1*014 

0-976 

0942 

0*910 

o*88o 

0852 

0-825 

0*800 

0*776 

0-754 

0*732 

11 

I-012 

0-975 

0*941 

0-909 

0-879 

0*851 

0-825 

0*800 

0-776 

0-754 

0*732 

0-711 

11 

12 

0-974 

0-939 

0-907 

0-878 

0*850 

0-824 

0*799 

0-775 

0-753 

0-732 

0*711 

0*692 

12 

13 

0-938 

0*906 

0-876 

0-849 

0823 

0-798 

0-775 

0-752 

0-731 

0-711 

0-691 

0-672 

13 

U 

0*904 

0-875 

0-847 

0*821 

0*797 

0*774 

0-751 

0-730 

0-710 

0-691 

0-672 

0-654 

14 

1ft 

0*873 

0-846 

0*820 

0795 

0-772 

0*750 

0-729 

0-709 

0-690 

0*671 

0-653 

0*636 

15 

16 

0*844 

0*818 

o'794 

0-771 

0-749 

0-728 

0708 

0-689 

0-670 

0-653 

0-635 

0*619 

16 

17 

0-816 

0-792 

0-769 

0-747 

0*726 

0-706 

0687 

0-669 

0-651 

0-634 

0-617 

o*6o2 

17 

18 

0*789 

0-767 

0-745 

0-724 

0-705 

0-686 

0-668 

0*650 

0633 

0-617 

0-601 

0*586 

18 

10 

0-764 

0-743 

0-722 

0-703 

0*684 

0-666 

0*648 

0*632 

0-615 

0*600 

0-584 

0*570 

19 
20 

20 

0*740 

0*720 

0-700 

0-682 

0*664 

0*646 

0*630 

0-614 

0*598 

0583 

0-568 

0-554 

21 

0-717 

0*698 

0*679 

0-661 

0-644 

0-628 

0*612 

0-596 

0-581 

0-567 

0-553 

<^*539 

21 

22 

0*695 

0-676 

0*659 

0*642 

0-625 

0-609 

0*594 

0*579 

0-565 

0*551 

0-537 

0*524 

22 

23 

0*673 

0-656 

0-639 

0-623 

0*607 

0-592 

0*577 

0*563 

0*549 

0-535 

0*522 

0-509 

23 

24 

0-652 

0  636 

0'6ii 

0-604 

0*589 

0-575 

0*560 

0-547 

o*533 

0-520 

0*508 

0495 

24 

25 

0*632 

0*616 

o-6oi 

0*586    0*572 

0-558 

0-S44 

0*531 

0-518 

0*505 

0493 

0*481 

25 

l»6 

0-613 

0-598 

0-583 

0-569 

0-555 

0-541 

0-528 

0*515 

0-503 

0*491 

0-479 

0*467 

26 

27 

0-594 

0*579 

0*565 

0-551 

0-538 

0*525 

0-512 

0-500 

0-488 

0-476 

0*465 

o'454 

27 

28 

0-575 

0-561 

0-548 

0-535 

0*522 

0*509 

0-497 

0-485 

0-473 

0*462 

0*451 

0*440 

28 

29 

0-557 

0-544 

0-531 

0-518 

0-506 

0*494 

0-482 

0-470 

0-459 

0-448 

0-437 

0*427 

29 

30 

0*540 

0-5*7 

0*514 

0*502 

0*490 

0-478 

0*467 

0*456 

0-445 

0-434 

0-425 

0*414 

30 

31 

0*522 

0*510 

0*498 

0-486 

0*474 

0*463 

0-452 

0*442 

0*431 

0*421 

0*411 

0*401 

31 

32 

0505 

o'493 

0-482 

0-470 

0-459 

0*448 

0*438 

0-427 

0-417 

0-407 

0-397 

0-388 

32 

33 

0-489 

0*477 

0*466 

0-455 

0-444 

0*434 

0-423 

0413 

0*403 

0394 

0*384 

0-375 

33 

34 

0-472 

0*461 

0-450 

0-440 

0*429 

0*419 

0*409 

o*399 

0-390 

0*380 

0*371 

0-362 

34 

3o 

0*456 

0-445 

0*435 

0-424 

0-414 

0*405 

0-395 

0-386 

0*376 

0*367 

0-358 

0*349 

:i5 

36 

0-440 

0-429 

0-419 

0*410 

0*400 

0*390 

0*381 

0*372 

0-363 

0-354 

0-345 

0-337 

36 

87 

0*424 

0-414 

0-404 

0-395 

0385 

0-376 

0*367 

0-358 

0*350 

0*341 

0-333 

0-324 

37 

38 

0*408 

0399 

0*389 

0-380 

0-371 

0*362 

o'353 

0-345 

0336 

0*328 

0-320 

0*312 

38 

39 

0*393 

0*384 

0-374 

0*365 

0*357 

0*348 

0*340 

0*331 

0-323 

0-315 

0-307 

0*299 

3SI 

40 

0-377 

0*368 

0-360 

0*351 

0-342 

o*334 

0*326 

0*318 

0*310 

0*302 

0-294 

0-287 

40 

41 

0*362 

0-353 

o*345 

0336 

0328 

0-320 

0-312 

0*304 

0-297 

0*289 

0*282 

0*274 

41 

42 

0-347 

0-338 

0-330 

0*322 

0-314 

0-306 

0*299 

0*291 

0-284 

0*276 

0-269 

0*262 

42 

43 

0*331 

0-323 

0-315 

0*308 

0*300 

0-292 

0*285 

0*278 

0*270 

0-263 

0-256 

0-249 

43 

44 

0-316 

0-308 

0*301 

0-293 

0*286 

0-279 

0*271 

0*264 

0*257 

0-250 

0-243 

0-237 

44 

46 

0*301 

0*294 

0-286 

0-279 

0-272 

0*265 

0-258 

0*251 

0-244 

0-237 

0*231 

0*224 

45 

46 

0-286 

0*279 

0*271 

0*264 

0-257 

0-251 

0-244 

0-237 

0-231 

0*224 

o*»i8 

0*211 

46 

47 

0*271 

0*264 

0*257 

0*250 

0243 

0*237 

0-230 

0*224 

0*217 

0*211 

0-205 

0*198 

47 

48 

0*255 

0-249 

0*242 

0*235 

0-229 

0-223 

0*216 

0*210 

0*204 

0-198 

0-191 

0185 

48 

49 

0-240 

0*234 

0-227 

0'221 

0*215 

0-208 

0*202 

0*196 

0*190 

01 84 

0-178 

0*172 

49 

ftO 

0*225 

0*219 

0-212 

0'206 

0-200 

0*194 

0*188 

0*182 

0*176 

0-171 

0*165 

0*159 

50 

51 

0*209 

0*203 

0*197 

0*191 

0-185 

o'i8o 

0*174 

0*168 

0*163 

0-157 

0-151 

0*145 

51 

62 

0-194 

0*188 

0*182 

0-176 

0*171 

0-165 

0*160 

0-154 

0*149 

0*143 

0-138 

0*132 

62 

53 

0-178 

0*172 

0-167 

0*161 

0*156 

0-150 

0*145 

0-140 

0*134 

o*ia9 

0-124 

0*119 

53 

54 

C*l62 

0*157 

0-151 

0-146 

0-141 

0*136 

0*130 

o-i»5 

0-120 

0*115 

0*110 

©•105 

54 

55 

0-146 

0-141 

0-136 

0-131 

0*125 

0*120 

0*115 

o-iio 

0-105 

o-ioi 

0*096 

0*091 

55 

56 

0-130 

0*125 

0-120 

0-115 

c-iio 

0*105 

0*100 

0*095 

0*091 

0*086 

0-081 

0-077 

56 

57 

0-II4 

0*109 

0*104 

0*099 

0*094 

0*090 

0*085 

o'o8o 

0*076 

0*071 

0-066 

0*062 

67 

58 

0-097 

0-092 

o-c87 

0-083 

0*078 

0*074 

0*069 

0*065 

0*060 

0-056 

0-051 

0-047 

58 

59 

o-o8o 

0-075 

0-071 

o*o66 

0*062 

0*058 

0-053 

0-049 

0*045 

0*040 

0-036 
0*020 

0-032 

n9 

m 

0-062 

0-058 

0-054 

0*050 

0-045 

0*041 

0*037 

0*033 

0*029 

0*024 

0*016 

60 

61 

0*045 

0*041 

0-036 

0*032 

0-028 

0*024 

0*020 

0*016 

0*012 

0-008 

0-CC4 

o-ooo 

61 

62 

0*027  1 0-023  [0-019 

0-015 

0*CTI  1  0*007 

0*003  \  9*999 

9*995 

9.99a 

9*988 

9*984 

62 
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LOGARITHMS 
FOR  COMPUTING  THE  REDUCTION  TO  THE  MERIDIAN,  AT  SEA 
Part  II.  Latitude  and  Declination  of  contrary  Names. 

Ut 

Decmvatiok. 

Lai. 

12** 

13° 

14° 

15° 

16°  1    17° 

18° 

19° 

20° 

21° 

22° 

» 

0° 

1 

2 
3 
4 
5 
6 

7 
8 
9 

o*974 
0-939 
0-907 
0-878 
0-850 
0-824 
0799 
0*776 

0-7S3 
0*732 

0*938 
0-906 
0*876 
0*849 
0*823 
0*798 
0*775 
0*752 
0-731 
0*711 

0-904 
0*875 
0-847 
0*821 
o*797 
0*774 
0-751 
0*730 
0*710 
0-691 

0*873 
0*846 
0*820 
0*795 
0-772 
0*750 
0-729 
0-709 
0*690 
0*671 

0*844 
o-8i8 
0-794 
0*771 
0*749 
0*728 
0-708 
0*689 
0*670 
0*653 

0*816 
0*792 
0*769 
0-747 
0-726 
0-706 
0*687 
0*669 
0*651 
0*634 

0-789 
0-767 
0*745 
0-724 

0-705 
0-686 

0*668 

0*650 

0*633 

0*617 

0*764 

0-743 
0*722 

0*703 

0*684 

0-666 

0*648 

o*6j2 

0*615 

o*6oo 

0*740 
0*720 
0*700 
0*682 
0*664 
0*646 
0*630 
0*614 
0*598 
0*583 

0-717 
0*698 
0-679 
0*661 
0-644 
0-628 
0*612 
0-596 
0*581 
0*567 

0*695 
0*676 
0*659 
0*642 
0*625 
0-609 

o*594 

0*579 
0*565 

0*551 

0-673 
0*656 
0*639 
0-623 
0-607 
0*592 
0-577 
0563 

0-549 
0-535 

1 

2 
3 
4 
6 
6 

7 
8 
9 

10 
11 
12 
IS 
14 
15 
16 

17 

18 
19 

20 
21 
22 
23 
24 
2ft 
26 
27 

26 
20 

30 
31 
32 
33 
34 
35 
36 

37 
38 
39 

0-7 1 1 
0-692 
0*673 
0654 
0*636 
0*619 
0*603 
0586 
0*571 

o"555 

0-691 

0*672 
0*654 
0-637 
0*620 
0*602 
0*587 
0-571 
0-556 
0*541 

0-672 
0-654 
0*636 

0*620 
0*603 

0-587 
0572 

0*557 
0-542 

0*527 

0-653 
0-636 
0*619 
0*603 

0*587 
0-572 

0-S57 
0*542 

0*528 

0-514 

0-635 
0*619 
0*603 
0*587 
0*572 

0-557 

0-542 

0-528 
0-515 
0-501 

0-618 
0-602 
0*586 

0*571 

0-557 
0*542 

0*528 

0*515 

0*501 

0-488 

0*601 
0*586 
0*571 
0*556 
0*542 
0*528 
0-515 
0*501 
0*488 

0-475 

0*584 
0*570 

0-555 
0*541 

0*527 

0-514 

0*501 

0-488 

o*475 
0*463 

0*568 

o*554 
0-540 

0*527 

0*513 

0*500 

0*488 

0*475 
0*463 

0*451 

o'553 
0-539 

0-525 

0*512 

0-499 

0*487 

o*475 
0*463 

0-451 

0-439 

0-537 
0*524 

0-511 

0*498 
0*486 

0-474 
0-462 
0-450 
0-438 
0*427 

0*522 
0*509 

o"497 
0485 

0-473 
0*461 

0-449 

0*438 

0-426 

0-415 

10 
11 
12 
13 
14 
16 
16 

17 
18 
19 

0-540 
0-525 
0*511 
0*497 
0*483 
0*469 
0*456 
0-442 
0-429 
0*416 

0*527 
0*512 
0*498 
0*485 
0*471 
0-458 

0445 
0*432 

0*419 

0*406 

0-513 
0499 
0-486 
0*472 
0459 
0-446 

0-434 
0*421 

0*408 

0*396 

0-500 
0*487 

0-474 
0-461 

0-448 

0'435 
0-423 

0*410 

0*398 

0*386 

0-488 

0-47S 
0-462 

0-449 

0-437 

0-424 

0*412 

0-400 

0-388 

0-376 

0-475 
0*462 

0*450 

0*438 

0*425 

0*413 

0*402 

0*390 

0-378 

0*367 

0-463 
0*451 
0*438 
0*426 
0-414 
0*403 
0*391 
0*380 
0*368 
0-357 

0*451 
0-439 
0-427 
0-415 
0*404 
0*392 
0*381 
0-370 
o*359 

0-347 

0*439 
0-427 
0*416 
0*404 
0*393 
0*382 
0-371 
0-360 
0*349 
0*338 

0-427 
0*416 
0*405 
0*393 
0*382 
0*372 
0*361 
0*350 

0*339 
0*329 

0-4 16 
0*405 
0394 
0*383 
0-372 
0*361 
0*351 
0*340 
0-330 
0-320 

0404 
o*393 
0-383 
0*372 
0*362 
0-351 
0*341 

0-331 
0-320 
0*310 

20 
21 
22 
23 
24 
25 
26 

27 
28 
29 

0*403 
0-391 
0*378 
0-366 

o'353 
0*341 

0*328 

0*316 

0*304 

0*291 

0*394 
0-381 
0*369 
0*356 

0-344 
0*332 

0*320 

0-308 

0-296 

0-284 

0*384 
0-372 
0-3S9 

0-347 

o'335 
0*324 

0-312 

0*300 
0*288 

0*276 

0-374 
0-362 

0350 
0*338 
0*327 
0*315 
0-3^3 
0*292 
0*280 
0*269 

0-364 

o*353 
0-341 

0*330 

0*318 

0-307 

0*295 

0*284 

0*272 

0*261 

0355 

0-344 
0*332 

0-321 

0-310 

0*298 

0-287 

0-276 

0*265 

0*254 

0*346 

0-335 
0*323 

0*312 

0*301 

0*290 

0*279 

0*268 

0-257 

0*246 

0*336 
0-326 
0-315 
0-304 
0*293 
0*282 
0*271 
0*260 
0-250 
0*239 

0-327 
0-317 
0*306 
0*295 
0-285 
0*274 
0*263 
0-253 
0-242 
0*231 

0-318 
0*308 

0*297 
0*287 
0*276 
0*266 
0*256 
0*245 
0*235 
0-224 

0-309 
0*299 

0-289 

0*278 

0*268 

0-258 

0-248 

0-237 
0*227 
0*217 

0-300 
0-290 
o-x8o 
0-270 
o*ft6o 
0-250 
0-240 
0-230 
0*220 
0*210 

39 
31 
92 
33 
34 
35 
36 

37 
88 

39 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

40 
41 
42 
43 
44 
45 
46 

47 

48 
49 

0*279 
0*267 
0*255 
0*242 
0*230 
0-217 
0-205 
0*192 
0*179 
0*167 

0*272 
0-260 
0*247 
0-235 
0-223 
0-211 
0*198 
0*186 
0-173 
o'i6i 

0*264 
0-252 
0*240 
0-228^ 

0'2l6 

0*204 
0*192 
o'i8o 
0*168 
0-155 

0-257 
0-245 
0-233 
0*222 
0*210 
0*198 
o*i86 

0*174 
0*162 

0*149 

0-250 
0*238 
0*227 
0*215 
0*203 
0*192 
0*180 
o-i68 
0-156 
0-144 

0*242 
0*231 

0'220 
0*208 
0*197 
0*185 
0*174 
0*162 
0*150 
0*138 

0*235 
0*224 
0*213 
0*202 
0*190 
0*179 
0*167 
0*156 
0-144 
0*132 

0*228 
0-217 
0*206 
0*195 
0*184 
0-173 
0*161 
o-no 
0-138 
0-126 

0*221 
0*210 
0*199 
0-188 
0-177 
o*i66 
0-155 
0-144 
0*132 
0*121 

0*214 
0-203 
0-192 
0-182 
0-171 
0*160 
0*149 
0-138 
0-127 
0-115 

0-207 
0*196 
0-186 
0*175 
0-164 
0-154 
0-143 
0-132 

0-121 
0-109 

0*199 
o*i88 
0*178 
o*i68 
0*158 
0*147 
0*136 
0*126 
0-115 
0*104 

SO 
51 
52 
53 
64 
55 
56 

57 
58 
59 

o'»S4 
0*140 

0-127 

0*114 

0*100 

0*086 

0*072 

•0-057 

0-043 

0*028 

0*148 
0*135 
0-122 
0*108 
0-095 
o*o8i 
0-067 
0-053 
0-038 
0-023 

0-142 

0-130 

0*117 

0*103 

0*090. 

0*076 

0*063 

0-048 

0*034 

0*019 

0*137 
0*124 
0*111 
0-098 
0*085 
0*072 
0-058 
0*044 
0*030 
0-015 

0-131 
0*119 
0-106 
0*093 
0-080 
0-067 
0*053 
0-039 
0*025 
0*011 

0-126 
0-113 
0*101 

o'o88 

0-075 
0*062 

0*049 

0-035 

0-021 

0*007 

0-120 
0-108 
0*096 
0-083 
0*070 

0-057 
0-044 
0*030 
0*017 

0'002 

0*115 
0*103 
0*090 
0*078 
0*065 
0*052 
0*039 
0*026 
0*013 
9*998 

0*109 
0*097 
0*085 
0*073 
0*060 
0*048 
0*035 
0-021 
0*008 

9*994 

0-104 
0*092 
0*080 
0*068 
0*055 
0*043 
0*030 
0*017 
0*003 
9*990 

0*098 
0*086 
0*075 
0-063 
0-051 
0*038 
0*025 
0*012 

9*999 
9*985 

0-093 
o'o8i 
0-069 
o'*o58 
0*046 
0*033 
0-021 
0*008 

9*995 
9-981 

59 
51 
52 
53 
54 
55 
56 

57 
58 

59 
61  j 

• 

60 
61 
62 

0-012 
9996 
9*980 

0*008 
9-992 
9.976 

0-004 
9-989 

9*973 

0*000 

9-9f5 
9.969 

9*996 
9-981 
9*965 

9.99a 

9*977 
9-961 

9*988 

9*973 
9*957 

9*984 
9*969 

9*954 

9*980 
9-965 

g*950 

9-976 
9961 
9-946 

9*97 « 
9*957 
9-942 

9*967 

9*953 
9*9^8 
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LOGARITHMS 
FOR  COMPUTING  THE  CORRECTION  OF  THE  LATITUDE  BY  ACCOUNT. 

Part  I.  Observations  on  the  tame  side 
both  of  the  Meridian  and  of  the  Prime  VerticaL 
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14 

16 

18 

SO 

82 

24 

26 


30 


32 
34 
36 
88 
40 
42 
44 
46 
48 
60 


62 
64 
66 
68 
60 
62 
64 
66 
68 
70 


72 
74 
76 
78 
80 
82 
84 
86 
88 
00 


64° 

66 
68 
60 
62 
64 


68 
70 

72 

74 
76 
78 
80 
82 
84 
86 
88 
90 


8*   I  W 


9*2o6l 
9-316 
9-384  9-163 


9-430 


9-4649-290 


9-490 
9-511 
9-528 

9"  543 


9*555  y4'9 


9565 

9*575 

9-5«3 
9-590 

9-596 

9*602 

9-608 

9-613 

9-61 

9*622 


79 


9*626 
9*629 
9633 
9*636 
9-639 
9*642 
9645 
9*648 
9651 

9'<>53 


9*656 
9-658 
9*661 
9*663 
9*665 

9'" 

9- 
9*672 

9*' 
9*676 


6679 
6709 


6749 


36*» 


8*637 
8*670 
8*700 
8*726 
8*750 

«'773 

8*793 
8*8i2 

8*829 

8*846 
8*86i 
8*876 
8*890 
8-903 
8*916 
8-928 
8.940 

8-951 
8963 


9*238 


9*329 

9*359 

9*383 
9*403 


9*435 
9*446 

9*457 
9*467 

9*475 

9*4«3 
9490 

9*497 
•503 

9*508 


9*316 

9*33» 
9*346 

9*359 
9.370 

9*379 

9*389 

9*397 

9*404 
9*411 


9*513 
9*518 

9*5*3 
9-527 

9531 

9535 

9*539 
9542 

9*545 
9*549 


9"55» 
9*555 
9*558 
9-561 

9*564 
•567 

-569 
9*57* 

*575 
^578 


38*' 


8*567 
8*606 
8*640 
8*671 
8-698 
8*723 

8745 
8*766 

8*786 

8*804 
8*821 
8837 
8*852 
8*867 
8*88i 
8894 
8*907 
8*919 
8-931 


12*' 


9*035 
9*116 
9-172 
9-215 
9*248 

9**75 
9.297 


9*418 

9*4*4 
9*429 

9*435 
9*440 

9*444 
9*449 
9453 
9*457 
9*461 


9*465 
9*469 

9*473 
9*476 

9*480 

9*483 

9*487 

9*490 

9*493 
9*496 


40^ 


8*492 
8*538 

8-577 
8-612 
8*643 
8-671 
8*697 
8*720 
8-74* 
8*762 
8*781 

8798 
8-815 
8*831 
8-846 
8*860 

8*874 
8*887 
8*900 


14« 


8-9*5 
9*010 

9*071 

9'ii6 

9*152 

9-182 


9*206 
9-227 

9**45 
9*260 

9**74 
9*286 

9**97 
9*308 

9*317 
9*325 


9*333 
9340 
9*347 

9*354 
9360 

9*365 
9*371 
9*376 
9*381 
9-386 


9*390 
9*395 
9' 399 
9*403 
9*408 
9*412 
9*416 
9*420 

9*4*3 
9*4*7 
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8*408 
8*464 
8*510 
8-551 

8-587 
8*6i8 
8*647 
8*673 
8-697 
8*719 
8*740 

8*759 
8*777 

8*794 
8*811 
8*826 
8*841 
8-856 
8^869 


16« 


18*  I  20* 


8*829 
8-918 
8-981 
9*029 
9*068 


9-100 
9*126 
9*148 
9*168 
9*185 
9-200 
9-214 
9*226 

9**37 
9*247 


8*993 
9027 

9-055 

9*079 

9*099 
9*118 

9*"34 

9*  "49 
9*162 

9* '74 


9*256 
9*265 

9**73 
9*281 

9288 

9*95 
9*301 

9*307 

9*313 
9*319 


9*324 

93*9 
9*334 
9*339 
9*344 
9*349 
9*353 
9*358 
9*362 

9.366 


44^ 


8*314 

8*381 

8-437 

8*485 
8*526 

8*563 

8*595 
8*624 

8*651 

8*676 
8*698 
8*719 

8*739 
8-758 
8*776 

8*793 
8*809 
8-824 
8*839 


8*744 
8*836 

8-902 
*953 


8 


9*185 
9*195 

9**05 
9*214 

9*222 

9*230 

9**37 
9-244 

9*5" 
9*258 


9*264 
9*270 
9-275 
9*281 
9*287 
9*292 
9*297 
9*302 

9*307 
9*312 


46* 


8-288 
8*356 

8-413 
8-461 

8*503 
8*540 

8*573 
8*603 

8*631 
8*656 
8  679 
8-701 
8*721 
8*740 

8-759 
8-776 
8*793 
18*809 


8*762 
8-831 


8*884 
8-926 
8*961 
8*991 
9*016 
9*038 
9*057 
9*075 
9*090 
9-105 


9-118 
9-129 
9*141 

9*i5» 
9*160 

9*169 

9*178 

9-186 

9*  194 

9*201 


9*208 
9*215 

9*222 
9*228 

9**34 
9*240 

9-246 

9*252 

9*257 

9*263 


48*»* 


8-264 

8*333 
8-391 

8*482 
8*520 

8*553 

8*584 
8*612 

8*638 

8-661 

8684 

8*705 

8-724 

8*743 
8*761 

8*778 


22* 


8-695 


8766 
8*821 
8*865 

8*901 
8-932 

8*959 
8-982 

9-003 

9*021 

9*038 


9053 
9*067 

9*079 
9*091 


9* 
9* 
9* 
9* 
9* 
9* 


9* 
9* 
9* 
9* 
9* 
9* 
9* 


02 
12 
22 

31 
40 
48 


56 
64 
7» 
78 
85 
9* 
99 


9**05 
9-211 

9-218 


60' 


8-242 
8*312 
8-370 
8-.419 
8*462 
8-501 

8*535 
8-566 

8*595 
8*621 

8645 

8*668 

8*690 

8-710 

8*7*9 
8*748 


24' 


8-707 
8*763 
8*809 

8*847 

8*879 

8*907 
8-931 

8*953 
8*972 


8*990 
9*006 
9*020 

9-034 
9-046 

9058 

9*069 

9*079 
9-089 

9*099 


26*  I  28* 


8-653 
8-711 
8*758 

8*797 
8*830 

8*859 
8*885 

8*907 


8662 
8*710 
8*751 

8-785 
8*815 
8-842 


8-927 
8-946 
8*962 
8*978 
8*992 
9005 
9*018 
9*029 
9-040 
9-051 


9*107 
9*ii6 
9*124 
9*132 
9*140 
9*147 

9**55 
9-162 
9*169 

9*'75 


62* 


8*221 
8*292 
8*350 
8*401 

8-444 

8*483 
8*518 

8-550 

8-579 
8*606 

8631 

8*654 

8*676 

8-697 

8*717 


8*865 

8*886 
8905 
8*923 

8939 
8*954 

8*968 

18*981 

8*993 

9*005 


9*061 
9*070 
9-079 
9*088 
9097 
9M05 
9113 
9*121 
9*128 
9*136 


64* 


8-273 
8*332: 

8*383 

8*428 

8*467 

8*503 

8*535 
8*564 

8*591 

8*617 

8*641 

8*664 

8*685 


9*016 
9*026 
9*036 
9*046 
9055 
9*065 

9*073 
9*082 

9*090 

9*098 


66* 


80* 


8*617 
8-667 
8*708 

8-744 

8-"775 


83* 


8*576 
8-626 
8-668 
8*705 


8' 802 
8*826 
8-848 
8-868 
8-886 
8*903 
8*919 
8*933 

8*947 
8*960 


8*972 
8*984 
8*995 
9-006 
9'Oi6 
9*026 

9*035 
9045 

9*054 

9*062 


68* 


8*256 
8*316 

8*367 
8*412 

8*453 
8*489 

8-521 

8*551 

8*579 
8*605 

8*630 

8653 


8*240 

8*301 

8-353 
8*398 

8-439 
8-476 

8-509 
8*540 
8*568 

8-620 


34* 


8*537 
8-589 
8*632 


8-737 
8*765 
8-790 
8*813 

8*834 
8*853 
8*870 

8*887 
8-902 
8*916 


8*670 
8*702 

8*731 

8'757 
8*781 

8*802 

8*822 

8*840 

8857 

8*873 


8*930 

8*94* 

8*959 
8*966 

8*977 
8*988 

8*999 
9009 
9019 
9*028 


60' 


8*226 
8*287 
8-340 
8*386 

8*4*7 
8-464 

8-498 

8*5*9 
8*558 

8*585 


8*887 
8*902 
8-915 
8*928 
8-940 
8*952 
8*963 
8*974 
8*985 
8*995 


62* 


8*275 
8*328 

8-375 
8*416 

8-454 

8*488 

8*520 

8*550 
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9*840 
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9*766 
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9*702 

9*693 
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9-764 

9*737 

9*715 
9*696 

9*680 
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9*554 
9*643 

9*633 


9*728 
9*699 
9*674 
9654 
9*636 
9*620 
9*  606 

9*594 
9*583 


9*667 
9*641 
9*619 

9*599 
9*582 
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9*554 
9*  54a 
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9*589 
9-568 

9*550 

9534 
9*519 

9*506 
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44 
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9* 
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9735 
9731 

9728 

9-725 


686 
9-678 
9*672 
9*666 
9*660 

9*655 
9*650 

9*646 

9  642 

9638 


9*624 
9*616 
9*608 
9*6oi 

9*594 
9*588 

9-583 
9578 

9*573 
9*568 


52 
64 
56 
58 
00 
62 
64 
66 
68 
70 


9721 
9*718 

9715 
9713 

9*710 

9707 

9-705 

9*702 

9*700 

9*698 


9*634 
9*630 

9*626 

9*623 

9"620 

9*617 

9*613 

9*610 

9*607 

9*605 


9*563 
9*559 
9*555 
9*551 
9*547 
9*543 
9*539 
9*536 
9*532 

9*529 


72 
74 
76 
78 
80 
82 
84 
86 
88 
90 


9*695 

9*693 
9*691 

9*689 

9*687 

9*685 

9*682 

9 '680 

9*678 

9*676 


9'6o2 

9*599 
9*596 

9*594 
9*591 

9-588 

9-586 

9*583 
9*  580 
9*578 


9*5*5 
9522 

9*519 

9*516 

9*512 

9509 
9*506 

9*503 
9*500 

9*496 


86° 


38° 


3? 

38 

40 

42 

44 

46 

48 

50 

52 


9*264 
9*248 
9*234 
9' 220 
9*206 
9193 
9*i8i 
9*169 
9*158 


9*232 
9-217 
9*202 
9;  189 

9*>75 
9*162 

9-150 

9*138 


54 
56 
58 
60 
62 
64 
66 
68 


9*147 
9*136 
9125 
9*115 
9' 105 
9094 
9*084 
9-074 


9*126 
9*115 
9*104 
9.093 
9*083 
9*071 
9*061 
9-050 


40° 


9*201 
9*186 
9*172 
9  158 
9M45 
9-132 

9*  "9 


9*107 
9095 
9083 
9*072 
9*060 
9*049 
9038 
9*027 


9*573 
9*564 
9*555 
9*547 
9*540 
9*533 
9*5*7 
9-521 

9'5«5 
9*510 


9*530 
9*520 

9*5" 
9*502 

9*494 
9*486 

9*479 

9'473 
9*466 

9*460 


9*494 

9*483 

9*473 
9-463 

9*454 
9446 

9*438 

943' 
9424 

9-417 


9-504 

9*499 

9*495 
9-490 

9*486 

9*481 

9*477 

9*473 

9*469 
9-465 


9*454 
9*449 
9*443 
9438 

9*433 
9*428 

9*4*3 
9*419 

9*414 
9-410 


9-410 
9-404 
9-398 

9*39* 
9*387 
9-381 

9*376 
9*371 
9*366 
9-361 


9*461 

9*457 

9*453 
9-450 

9*446 
9-442 

9*438 

9*435 
9*43' 
9*4*7 


9-405 
9*401 
9*396 

9*39* 
9*388 
9-384 

9*379 

9*375 
9-371 

9*366 


42°     44 


9-171 
9*156 
9*141 
9-12:^ 
9*114 
9*101 


9*088 
9*076 
9*063 
9*051 

9*039 
9*028 

9-016 

9*004 


- 


9*356 
9*351 

9*346 

9*341 

9*336 

9*33* 

9*3*7 
9*322 

9*317 
9*312 


9  '40 

9''*  5 
9*111 

9097 

9-083 


46° 


9-564 

9*54* 
9*522 

9-505 

9*489 
9*47 'i 


9*519 
9*498 
9*480 

9*463 
9*448 


9*476 

9*457 
9*440 

9*4*4 


9*437 
9*418 
9*402 


9*399 
9*382 


9*364 


9*462 
9-450 

9*439 
9-429 

9*419 

9-410 

9*402 

9*394 
9*386 

9*379 


9*434 
9-421 

9-410 

9*399 

9-388 

9*378 

9*369 
9-361 

9*35* 
9*344 


9409 

9*395 

9*383 
9*371 

9-360 

9*350 

9*340 

9*33« 
9*322 

9*3»3 


9*386 
9*372 

9*359 

9*346 

9*335 

9*3*4 

9*3«3 
9.303 

9-294 
9**85 


9*372 

9*365 
9*358 
9*35* 
9*346 
9*340 
9*334 
9*3*8 
9-322 
9*317 


9*337 

9*3*9 
9*322 

9-315 

9.309 

9*302 

9*296 

9*289 

9*83 
9**77 


9305 
9*97 
9*289 

9*282 

9-275 
9*268 

9*261 

9**54 
9**47 
9*H« 


9*311 
9*306 
9-301 

9*95 
9*290 

9**85 

9**79 
9-274 

9*»68 

9*263 


9*271 
9*265 

9*59 
9**53 

9**47 
9*241 
9-236 

9**30 
9*224 
9-218 


9**34 
9*2S8 
9-221 
9*215 
9*208 
9*202 

9*^95 
9*189 

9*182 
9*'75 


48°      50° 


19  '  »o 
•9095 
9-080 
19*066 


9-070 

9*057 

9*044 
9-032 

9*019 

9*007 

8*994 
8-982 


'9*052 

9*039 
9*025 

9'012 

8-999 
8*986 
8-973 

8  960 


9*079 
9-064 

9-050 
9*035 

9'02I 

9*007 
8*994 
8-980 
8-966 

8*953 
8*939 


9*76 
9**67 
9*259 
9*251 

9**43 
9*236 

9*228 

9*221 

9*214 

9-207 


9*366 

9*35> 
9*337 
9*324 

9*311 
9*300 
9*289 
9*278 
9*26& 

9*58 


9*347 
9*331 
9*316 

9*303 
9**90 
9*278 
9*266 

9**55 
9*44 
9*34 


9***9 
9*240 

/231 

9*223 

9*215 

9-206 

9-198 

9191 

9-183 

9*175 


9-200 
9*193 
9*186 
9-179 
9-172 
9*  165 
9*157 
9*150 

9*>43 
9-136 


52° 


9-049 

9*034 
9*019 
9-004 
8-989 

8*975 
8*961 

8*947 

8*933 

8-918 


9-018 

9'002 

8-987 

8-972 

8*957 
8*942 

8*927 

8*913 

8898 


54* 


8-986 
8*970 

8-955 
8*939 

8*924 

8*908 

8*893 

8*877 


9*167 
9*160 
9*152 

9*  "45 

9*137 

9*130 
9*122 

9*114 
9*  106 

9*098 


9-329 

9'3«3 

9**98 
9*283 

9**70 
9*257 

9*H5 
9*233 

9-202 

9*211 


9-224 
9-215 
9*205 
9*196 

9*187 
9*179 
9-170 
9-162 

9*^54 
9*>45 


9*296 
9*280 
9*265 
9*251 
9*238 
9-2»5 
9-213 
9-201 
9*190 


9*201 
9*191 
9*181 
9*171 
9*162 

9*"53 
9*144 

9*135 
9*126 

9*  "7 


9*137 
9*129 

9*121 

9-113 
9-105 
9-096 
9*088 
9-080 
9*071 
9*062 


56< 


58° 


8*954 

8*938 
8*921 

8*905 

8*889 

8-873 

8*857 


8-921 
8*904 
8*887 
8*870 
8*853 
8*836 


0'i79 
9*168 

9*158 

9*148 

9-138 

9*128 

9*118 

9*109 

9*100 

9*090 


9' 108 
9*100 
9*091 
9*082 

9*074 
9*065 

9*056 

9*047 
9*037 
9-028 


60° 


8*886 
8*869 
8851 
8-834 
8816 


9*081 
9*072 
9*062 
9-053 

9*044 

9*034 
9-025 

9*015 

?*oo5 
'995 


62° 


8*851 

8*831 

8*814 

8795 


LOOARITHMS 
FOR  COMPUTING  TBB  EQUATION  OF  EQUAL  ALTITUDES 

InUrvit 

Log.  A 

L05.B. 

[Dterrd. 

Log.  A 

Ug.B. 

IntoTTal 

LoK.A.JLog.B.| 

I»30» 
1  40 

1  60 

2  0 

3  10 
3  20 
3  30 
2  40 
!  60 

»7»5 
»7'9 
»7ii 

4»3fl- 
4  40 

4  50 

5  0 
S   ID 
9  20 

s  ao 

5  40 
e  50 

1499 
»479 

n$ 

2417 
1394 
1371 

>347 

1-3300 
1-3346 

i'J394 
1-3444 
1-3496 

^■3715 

7'.30" 

;  40 

740 
S     0 
8   10 
R  20 
B  SO 
8  40 
B  50 

^ 

1-.918 

1-.1S91 

>-.  SS 

i'iSi7 
1-1778 
1-1738 

1! 

4938 

5070 

5360 

3  10 
3  SO 
3  30 
9  40 

3  60 

4  0 
4  10 
4  30 

16.4 

1600 
1585 
1569 

1-3011 
1-3041 

2-3141 

1-3177 

1-31.6 

1-3157 

e   u 
6  10 

6  20 

e  30 

6  40 

6  60 

7  0 
7  10 
780 

"97 

1.87 
1158 

1=64 

1-3801 

»-3s;3 

1'3947 

1-4,91 
1-4183 

2-4378 
1-447S 

9     0 
9  10 
9  20 
9  30 
9  40 
960 
10     0 
lU  10 
10  20 

i-i65« 
1-16.3 
1-1J70 

'■■"' 

\ 

6744 
7011 

lU 
7984 

854 


TABLE  73 


THE  LOGARITHMIC  DIFFERENCE 
(Barometer,  30  inohes.  Fahrtiilielt'i  ThermooMter,  50^.) 

Aop. 
AIL 

Horizontal  Parallax. 

•of 
Par. 

Corr.  for  '  of  Par. 

58' 

54' 

55' 

56' 

57' 

58' 

69' 

00' 

61' 

0* 

r 

0 

2 

4 
5 
7 
9 

6^ 

r 

W 

9    0 
10 
20 
30 
40 
60 

9.99 

9841 

9822 

9804 

97fS 
9767 

974« 

9*99 

9833 
98x4 

9795 
9776 

9757 
9738 

9*99 

9806 
9786 
9767 

9747 
9728 

9*99 
9817 

9797 
9777 
9758 
9738 
9718 

9*99 
9809 

9789 
9769 

9748 
9728 
9708 

9*99 
9800 

9780 

9760 

9739 
9718 

9698 

9'99 

979* 
9771 

9751 
9730 

9709 
9687 

9*99 
9784 
9763 

974* 
9720 

9699 

9677 

9*99 
9776 

9754 

973* 
9711 

9689 

^667 

0 
10 
20 
30 
40 
50 

0 

2 

3 

5 
6 

8 

0 

2 

3 

5 
7 

8 

I 

3 

t 

8 
9 

2 

3 
5 

6 

8 

10 

2 
3 

i 

8 
II 

sub. 

4  0 
10 
20 
30 
40 
50 

9729 
9710 
9691 
9672 

9653 
9634 

9718 
9699 
9680 
9660 
9641 
9622 

9708 
9689 
9669 
9649 
9629 
9609 

9698 
9678 
9658 
9637 
9617 

9597 

9687 
9667 
9646 
9626 
9605 

9585 

9677 
9656 
9635 
9614 

9593 
957* 

9666 
9645 
9624 
9603 
9581 
9560 

9656 
9634 
9613 

9591 
9569 

9547 

9645 
9623 

9601 

9579 
9557 
9535 

0 
10 
90 
30 
40 
50 

0 

a 

4 
6 

8 
10 

0 

2 

4 
6 

8 

10 

0 

2 

5 

7 

9 
II 

I 

3 
5 

7 

9 
II 

2 

4 
6 

8 

10 

12 

2 

4 
6 

8 

10 

12 

2 

4 

7 

9 
12 

14 

H.P 
53' 

1  % 

It 

4  8 

6  II 

7  13 

8  15 

9|i7 

6  0 
10 
20 
30 
40 
50 

9614 

9595 
9576 

9557 

9538 
9518 

9602 
9582 
9562 

9543 

95»3 
9504 

9589 
9569 

9549 

95*9 
9509 

9489 

9576 
9556 
9535 
9515 
9495 
9474 

9563 

9543 
9522 

9501 

9481 
9460 

9551 
9530 

9509 

9487 
9466 

9445 

9538 
9516 

9495 
9474 
945* 
9431 

95*5 

9503 
9481 

9460 

9438 

9416 

9512 

9468 
9446 

94*4 
9401 

0 
10 
20 
30 
40 
50 

0 
12 

0 

3 

5 

7 

10 

I 
3 

10 
13 

I 

8 
II 

2 

t 

9 
II 

14 

6  0 
10 
20 
30 
40 
50 

9499 
9480 

9461 

9441 

9422 

9403 

9484 
9465 

944-5 

94*5 
9406 

9386 

9469 

9449 
9429 

9409 

9389 
9369 

9454 

9434 

9413 

9393 

9373 
9352 

9439 
9418 

9398 
9377 
9356 
9335 

94*4 

9403 
9382 

9361 

9340 

93»9 

9409 

9366 

9345 

93*3 
9301 

9394 

937* 
9350 

93*9 
9307 

9*85 

9379 
9357 

9334 
9312 

9290 

9268 

0 
10 
20 
30 
40 
50 

II 

14 

0 

1 

8 
II 

15 

I 

t 

9 
12 

>5 

1 

4 

7 
10 

2 

5 

7 
10 

13 

16 

3 

5 

8 

II 

I 
16 

3 
6 

9 
12 

16 
19 

H.P. 
61' 

7  0 
10 
20 
30 
40 
50 

9383 

9364 

9345 
9326 

9306 
9287 

9366 

9347 
93*7 
9307 
9288 
9268 

9349 
9329 

9309 

9289 

9269 

9249 

9332 
9311 
9291 
9271 
9250 
9230 

93  H 
9294 

9*73 
9252 

9232 

9211 

9*97 
9276 

9*55 

9*34 
9213 

9192 

9280 
9*58 

9*37 
9216 

9»94 
9>73 

9263 
9241 
9219 
9197 

9»75 
9*54 

9246 

9**3 
9201 

9179 

9157 

9»34 

0 
10 
20 
30 
40 
50 

12 
16 

I 

3 

7 
10 

I 

4 
7 

IC 

14 

17 

2 

1 

II 

H 
18 

2 

5 
8 

12 

15 

18 

8  0 
10 
20 
30 
40 
50 

9268 
9249 
9229 
9210 
9191 
9172 

9248 
9229 
9209 
9189 
9170 
9150 

9229 
9209 
9189 
9169 
9149 
9129 

9209 
9189 
9169 
9148 
9128 
9108 

9190 
9169 
9149 
9128 
9107 
9086 

9170 

9149 
9128 

9107 

9086 

9065 

9151 
9130 
9108 
9087 
9065 
9044 

9132 
9110 
9088 
9066 

9044 
9022 

9112 
9090 
9068 
9046 
9023 
9001 

0 
10 
20 
30 
40 
60 

10 

14 
18 

I 

4 

7 

II 

'5 
19 

I 

5 
S 

12 

15 
"9 

2 

5 

9 
12 

16 

20 

3 
6 

9 

>3 

17 
21 

3 

7 

10 

x8 

21 

# 
1 

2 

3 

4 
5 
6 

7 
8 
9 

a 

4 

7 

9 
II 

13 

15 
18 

20 

0  0 
10 
20 
90 
40 
50 

9152 

9'33 
9114 

9095 

9075 
9056 

9131 
9111 
9091 
9072 
9052 
9032 

9109 
9089 
9069 
9049 
9029 
9009 

9087 
9067 
9047 
9026 
9006 
8986 

9066 

9045 
9024 

9004 

8983 
8962 

9044 
9023 

9002 

8981 

8960 

8939 

9022 
9001 

8979 
8958 
8937 
8915 

9001 
8979 
8957 
8935 

8892 

8979 
8957 

8935 
8912 

8890 

8868 

0 
10 
20 
30 
40 
50 

c 

4 

7 

II 

«5 
20 

I 

4 
8 

12 
x6 
20 

I 

5 

9 
13 
17 
ai 

2 

6 

10 

18 
22 

3 

7 

10 

14 
18 

23 

4 

7 
II 

J5 
ao 

23 

Sun'i  Alt.  5^  ««  r*  S^'  14^  25**  34**  42°  51*»  64*»  00*^  Sttt'i  Alt.  5**  IT  7®  8*  9«>  ll^  1 
Svb.  17  13  II  9  7  9  11  13  15  17  ig      Sub.  15 II  9  7  5  4  ] 

The  Logaritbmic  Difference  ii  not  given  in  this  Table  for  altitades  lees  tbaB  3^ 
lunar  obeeryation  ought  not  to  be  employed  with  very  low  altitudea.' 

beci 

1*11 

f     1 

toae 

tb 

NT 

r 

• 

TABLE  73 


855 


TUK  LOGARITHMIC  DIFFE&ENCK                  | 

(Baroin«ter,  30  iiioh«8.  Faliretiheit's  Tbcrmometer, 

50°,)             1 

> 

App. 

Alt 

Horizontal  rurallax.             1 

'^of 

Corr.for/^ofPar.nf6.  « 

ki 

53' 

64' 

65' 

66'  j  57' 

68' 

59' 

60' 

61' 

Par. 

0' 

2* 

rje' 

8' 

10- 

a? 

O    ' 

9*99 

999 

9*99 

9*99 

9*99 

9*99 

9*99 

9*99 

9*99 

10  0 

9037 

9013 

8989 

8965 

8941 

8917 

8894 

8870 

8846 

0 

0 

X 

2 

2 

3 

4 

10 

9018  8993 

8969 

8945 

8921 

8896 

8872 

8848 

8824 

10 

4 

5 

6 

6 

7 

8 

20 

8998 

8974 

8949 

8925 

8900 

8875 

885  X 

8826 

8802 

20 

8 

9 

xo 

XX 

II 

12 

30 

8979 

8954 

8929 

8904 

8879 

8854 

8830 

8805 

8780 

30 

12 

»3 

H 

15 

16 

X7 

40 

8960 

8935 

8909 

8884 

8859 

8833 

8808 

8783 

8758 

40 

«7 

x8 

18 

"9 

20 

21 

60 

8941 

8915 

8889 

8864 

8838 

88x2 

8787 

8761 

8735 

60 

21 

22 

23 

*4 

*5 

26 

4 

sub. 

11  0 

8921 

8896 

8869 

8843 

8817 

879X 

8765 

8739 

87x3 

0 

0 

X 

2 

3 

3 

10 

8903 

8876 

8850 

8823 

8797 

8771 

8744 

8718 

8691 

10 

4 

5 

6 

7 

8 

9 

20 

8883 

8857 

8830 

8803 

8776 

8750 

8723 

8696 

8669 

20 

9 

10 

II 

12 

n 

>3 

SO 

8864 

8837 

8810 

8783 

8756 

8729 

8702 

8675 

8647 

30 

»3 

14 

15 

16 

X7 

18 

H.P. 

40 

8845 

8818 

8790 

8763 

8735 

8708 

8680 

8653 

8625 

40 

18 

19 

20 

21 

22 

23 

63' 

60 

8826 

8799 

8771 

8743 

8715 

8687 

8659 

863  X 

8604 

50 

23 

24 

*5 

26 

27 

28 

5 

1  2 

12  0 

8807 

8779 

8751 

8723 

8694 

8666 

8638 

8610 

8582 

0 

0 

X 

2 

3 

4 

10 

8788 

8760 

8731 

8703 

8674 

8645 

8617 

8588 

8^60 

10 

5 

6 

7 

8 

8 

xo 

2  4 

20 

8769 

8740 

8711 

8682 

8653 

8624 

8595 

8566 

8538 

20 

xo 

XX 

X2 

12 

13 

»5 

»  6 

30 

8750 

8721 

8691  8662 

8633 

8603 

8574 

8545 

8516 

30 

>5 

16 

X7 

>7 

18 

20 

4  8 

.  40 

8731 

8701 

8672  8642 

86x2 

8582 

8553 

8523 

8494 

40 

20 

21 

22 

*3 

24 

»5 

5  9 

50 

8712 

8682 

8652  8622 

8592 

8562 

8532 

8502 

8472 

60 

*5 

26 

27 

28 

29 
4 

29 

5 

G  II 
7  13 

13  0 

S693 

8662 

8632 

8601 

8571 

8541 

8510 

8480 

8450 

0 

0 

I 

2 

3 

10 

8674 

8643 

8612 

8581 

8551 

8520 

8489 

8458 

8428 

10 

5 

6 

7 

8 

9 

10 

815 

20 

8655 

8624 

8592 

8561 

8530 

8499 

8468 

8437 

8406 

20 

10 

XX 

12 

»3 

'4 

16 

9  17 

30 

8636 

8604 

8573 

8541 

85x0 

8478 

8447 

8416 

8384 

SO 

x6 

17 

x8 

'9 

20 

21 

40 

8617 

8585 

8553 

8521 

8490 

8458 

8426 

8394 

8362 

40 

2X 

22 

»3 

24 

*5 

27 

50 

8598 

8566 

8533 

8501 

8469 

8437 

8405 

8373 

8340 

50 

27 

28 

29 

2 

30 

3X 

3* 

U  0 

8579 

8546 

8514 

8481 

8449 

84x6 

^384 

835X 

8318 

0 

0 

X 

3 

4 

5 

10 

8560 

8527 

8494 

8461 

8428 

8395 

8363 

8330 

8297 

10 

5 

7 

8 

9 

10 

IX 

20 

8541 

8508 

8474 

8441 

8408 

8375 

8341 

8308 

8275 

20 

XI 

X2 

"3 

«4 

15 

17 

30 

8522 

8489 

84S5 

8421 

8388 

8354 

8320 

8287 

8253 

30 

17 

18 

>9 

20 

21 

23 

40 

8503 

8469 

8435 

8401 

8367 

8333 

8299 

8266 

8232 

40 

*3 

*4 

»5 

26 

17 

28 

50 

8484 

8450 

8416 

8381 

8347 

83x3 

8278 

8244 

8210 

60 

28 

30 

31 

2 

3* 

33 

34 

15  0 

8465 

8431 

8396 

8361 

8327 

8292 

8257 

8223 

8188 

0 

0 

X 

3 

5 

6 

10 

8447 

8412 

8377 

834* 

8307 

8271 

8236 

8201 

8x66 

10 

6 

7 

8 

9 

10 

12 

20 

8428 

839* 

8357 

8322 

8286 

8251 

8215 

8180 

8x45 

20 

12 

13 

H 

15 

16 

18 

SO 

8409 

8373 

8338 

8302 

8266 

8230 

8x95 

8x59 

8x23 

30 

x8 

19 

20 

22 

23 

*4 

40 

8390 

8354 

8318 

8282 

8246 

82x0 

8174 

8x38 

8x01 

40 

24 

*5 

26 

28 

*9 

30 

50 

8371 

8335 

8299 

8262 

8226 

8189 

8x53 

8x16 

8080 

60 

30 

31 

33 

34 

35 

36 

16  0 

8353 

8316 

8279 

8242 

8205 

8169 

8x32 

8095 

8058 

0 

0 

I 

2 

4 

5 

6 

10 

8334 

8*97 

8260 

8222 

8185 

8148 

8xxi 

8074 

8037 

10 

6 

7 

9 

XO 

IX 

12 

20 

8315 

8278 

8240 

8203 

8165 

8128 

8090 

8053 

8015 

20 

12 

14 

«5 

16 

17 

19 

30 

8297 

8259 

8221 

8183 

8145 

8107 

8069 

8031 

7994 

30 

»9 

20 

2X 

*3 

14 

*4 

40 

8278 

8240 

8201 

8163 

8125 

8087 

8048 

80x0 

7972 

40 

*5 

*7 

28 

»9 

31 

3* 

60 

8259 

8221 

8182 

8x43 

8x05 

8066 

8028 

7989 

7950 

50 

3* 

M. 

35 

36 

.37 

38 

H.P. 

17  0 

8240 

8201 

8162 

8124 

8085 

8046 

8007 

7968 

79*9 

0 

0 

I 

3 

4 

5 

7 

10 

8222 

8183 

8143 

8104 

8065 

8025 

7986 

7947 

7907 

10 

7 

8 

9 

10 

12 

13 

61' 

20 

8203 

8164 

8124 

8084 

8045 

8005 

7965 

7926 

7886 

20 

13 

H 

16 

17 

18 

20 

30 

818$ 

8145  8105 

8065 

8025 

7985 

7945 

7905 

7865 

30 

ao 

21 

23 

24 

*5 

*7 

1  2 

40 

8166 

8126  8085 

8045 

8005 

7964 

7924 

7884 

7843 

40 

27 

28 

30  34  3*  34 

«  4 

3  7 

4  9 

60 

8147 

8107 

8066 

8025 

7985 

7944 

7903 

7863 

7822 

60 

34 

35 

37  38  39  4« 

18  0 

8129 

8088 

8047 

8006 

7965 

7924 

7882 

7841 

7800 

0 

0 

I 

3 

4 

5 

7 

10 

8110 

8069 

8027 

7986 

7945 

7903 

7862 

7820 

7779 

10 

7 

8 

10 

II 

12 

«4 

5  XI 

20 

8092 

8050 

8008 

7967 

79*5 

7883 

784X 

7800 

7758 

20 

14 

15 

17 

18 

»9 

21 

6  13 

30 

8073 

8031 

7989 

7947 

7905 

7863 

7821 

7779 

7736 

80 

21 

22 

*4 

*5 

*7 

28 

715 

40 

8055 

8012 

7970 

7927 

7885 

7842 

7800 

7758 

7715 

40 

28 

30 

31 

3* 

34 

36 

8  18 

50 

8036 

7993 

7950 
7931 

7908 

7865 

7822 

7779 

7737 

7694 

60 

36 

37 

39 

40 

41 

4* 

9  20 

10  0 

8018 

7974 

7888 

7845 

7802 

7759 

77x5 

7672 

0 

0 

I 

3 

4 

6 

7 

10 

7999 

7956 

7912 

7869 

7825 

7782 

7738 

7695 

765  X 

10 

7 

? 

10 

X2 

13,15 

20 

7981 

7937 

7893 

7849 

7805 

7762 

77x8 

7674 

7630 

20 

15 

x6 

»7 

»9 

20 

22 

30 

796a 

7918 

7874 

7830 

7786 

774* 

7697 

7653 

7609 

30 

22 

H 

»5 

27 

28 

30 

40 

7944 

7899 

7855 

7810 

7766 

772  X 

7677 

7632 

7588 

40 

30  3x 

33 

34 

36 

37 

50 

7926 

7881 

7836 

7791 

7746 

7701 

7656 

7611 

7567 

50 

37  39 

40 

42 

43 

44 

Son'B. 
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THE  liOOARITHAIIC  DIFFERENCE                   | 

(Barometer,  30  inches.  Fahrenheit't  Thermometer,  50* 

• 

0 
>r//ofI 

1 

A  pp. 
Alt. 

Horiiontal  ParalhuE. 

/'of 

Corr.  fi 

'ar.  «u6. 

63' 

54' 

55' 

66' 

67' 

58' 

59^ 

60^ 

61' 

Par. 

V 

2* 

4* 

6* 

8* 

10' 

O   9 

9.99 

9*99 

9.99 

9'99 

9*99 

9'99 

7636 

999 

9.99 

20  0 

7907 

7862 

7817 

7772 

7726 

7681 

7591 

7545 

0 

0 

I 

3 

4 

6 

8 

10 

7889 

7843 

7798 

775* 

7707 

7661 

7615 

7570 

75*4 

10 

8 

9 

II 

12 

H 

«5 

20 

7871 

7825 

7779 

7733 

7687 

7641 

7595 

7549 

7503 

20 

15 

17 

18 

20 

21 

43 

fHi. 

30 

7851 

7806 

7760 

7714 

7667 

7621 

7575 

75*9 

7482 

30 

a3 

*5 

26 

28 

29 

34 

40 

7834 

7788 

774» 

7694 

7648 

7601 

7554 

7508 

7461 

40 

31 

33 

34 

36 

37 

3? 

50 

7816 

7769 

7722 

7674 

7628 

7581 

7534 

7487 

7440 

50 

39 

41 

42 

44 

45 

46 

n  ** 

21  0 

7798 

7750 

7703 

7656 

7608 

7561 

75«4 

7466 

74'9 

0 

0 

2 

3 

5 

6 

8 

10 

7779 

7732 

7684 

7636 

.7589 

7541 

7493 

7446 

7398 

10 

8 

9 

II 

12 

14 

16 

H.F. 

20 

7761 

7713 

7665 

7617 

7569 

75*1 

7473 

74*5 

7377 

20 

16 

18 

«9 

21 

22 

*4 

53^ 

30 

7743 

7695 

7646 

7598 

7550 

7501 

7453 

7405 

735? 

30 

a4 

26 

17 

29 

30 

3* 

40 

7725 

7676 

7628 

7579 

7530 

7481 

7433 

7384 

7336 

40 

3* 

34 

36 

37 

39 

4x 

,       \ 

60 

7707 

7658 

7609 

7560 

75" 

7462 

7413 

7364 

7315 

50 

41 

4* 

44 

46 

47 

48 

1 
2 

: 

82  0 

7689 

7639 

7590 

7540 

749 « 

744* 

739* 

7343 

7*94 

0 

0 

2 

3 

5 

7 

8 

10 

7671 

7621 

7571 

7521 

747* 

7422 

7372 

73*3 

7*73 

10 

8 

10 

12 

n 

15 

»7 

5  5 

20 

7653 

7602 

755* 

7502 

745* 

7402 

735* 

7302 

7*5* 

20 

17 

r8 

20 

22 

*3 

*5 

4  7 

30 

7635 

7584 

7534 

7483 

7433 

7383 

733* 

7282 

7232 

30 

*5 

27 

28 

30 

32 

34 

5  9 

40 

7617 

7566 

7515 

7464 

74H 

7363 

7312 

7261 

7211 

40 

34 

35 

37 

39 

4« 

4* 

6  11 

60 

7598 

7547 

7496 

7445 

7394 

7343 

7292 

7241 

7198 

50 

42 

4* 

45 

48 

49 

50 

7 
8 

A 

^ 

23  0 

7581 

75*9 

7478 

7426 

7375 

73*3 

7272 

7221 

7169 

0 

0 

2 

3 

5 

7 

9 

10 

7563 

75" 

7459 

7407 

7356 

7304 

7*5* 

7200 

7H9 

10 

9 

10 

12 

«4 

15 

17 

8  10 

20 

7545 

7493 

7441 

7389 

7336 

7*84 

7*3* 

7180 

7128 

20 

'7 

'2 

21 

23 

*4 

26 

30 

7527 

7474 

74** 

7370 

7317 

7265 

7212 

7160 

7107 

30 

26 

28 

30 

31 

33 

35 

40 

7509 

7456 

7403 

735« 

7*98 

7*45 

7192 

7140 

7087 

40 

35 

37 

39 

40 

4* 

44 

60 

7491 

7438 

7385 

733* 

7*79 

7226 

7173 

7119 

7066 

60 

44 

46 

48 

50 

5« 

53 

24  0 

7473 

7420 

7366 

7313 

7*59 

7206 

7153 

7099 

7046 

0 

0 

*  4 

5 

7 

9 

10 

7455 

7402 

7348 

7*94 

724D 

7187 

7»33 

7079 

7025 

10 

9 

II 

13 

H 

16 

18 

20 

7438 

7384 

7330 

7*75 

7221 

7167 

7"3 

7059 

7005 

20 

18 

20 

22 

*3 

25  27 

30 

7420 

7365 

73" 

7*57 

7202 

7x48 

7093 

7039 

6984 

30 

*7 

»9 

3» 

33 

34  36 

40 

7402 

7347 

7*93 

7238 

7183 

7128 

7074 

7019 

6964 

40 

3! 

38 

40 

->* 

44 

4«' 

60 

7384 

73*9 

7*74 

7219 

7164 

7109 

7054 

6^99 

6944 

50 

46 

48 

49 

51 

53 

55 

25  0 

7367 

73" 

7256 

7200 

7145 

7090 

7034 

6979 

6923 

0 

0 

2 

4 

5 

7 

9 

10 

7349 

7*93 

7238 

7182 

7126 

7070 

7014 

6959 

6903 

10 

9 

II 

"3 

«5 

X7 

'? 

20 

733> 

7*75 

7219 

7163 

7107 

7051 

6995 

6939 

6883 

20 

»9 

20 

22 

*4 

26 

28 

30 

7314 

7258 

7201 

7145 

7088 

7032 

6975 

6919 

6862 

30 

28 

30 

32 

34 

36 

38 

40 

7296 

7240 

7183 

7126 

7069 

7012 

6956 

6899 

6842 

40 

38 

4« 

4* 

44  45 1 

48 

50 

7279 

7222 

7165 

7107 

7050 

6993 

6936 

6879 

6822 

60 

48 

49 

5' 

53 
6 

55 

57 

26  0 

7261 

7204 

7146 

7089 

7031 

6974 

6916 

6859 

6802 

0 

0 

2 

4 

8 

9 

10 

7»44 

7186 

7128 

7070 

7013 

6955 

6897 

6839 

6781 

10 

9 

12 

14 

15 

17 

IP 

20 

7226 

7168 

7  no 

7052 

6994 

6936 

6878 

6820 

6761 

20 

19 

21 

23 

*5 

27 

29 

30 

7Z09 

7150 

7092 

7034 

6975 

6917 

6858 

6800 

6741 

30 

29 

31 

33 

35 

37 

39 

H.P. 

40 

7191 

7133 

7074 

7015 

6956 

6898 

6839 

6780 

6721 

40 

39 

41 

43 

45 

47 

49 

60^ 

50 

7174 

7'i5 

7056 

6997 

6938 

6878 

6819 

6760 

6701 

50 

49 

51 

53 

55 

57 

59 

27  0 

7156 

7097 

7038 

6978 

6919 

6859 

6800 

6740 

6681 

0 

0 

2 

4 

6 

8 

10 

10 

7139 

7079 

7020 

6960 

6900 

6840 

6781 

6721 

6661 

10 

xo 

12 

14 

16 

18 

20 

I'l  2 

20 

7122 

7062 

7002 

6942 

6882 

6822 

6761 

6701 

6641 

20 

20 

22 

*4 

26 

28 

30 

2  4 

3  e 

30 

7105 

7044 

6984 

6923 

6863 

6803 

6742 

6682 

6621 

30 

30 

3* 

'A 

36 

38 

40 

40 

7087 

7027 

6966 

6905 

6844 

6784 

6723  6662 

6602 

40 

40 

4* 

44 

46 

48 

50 

4l  8 

60 

7070 

7009 

6948 

6887 

6826 

6765 

6704 

6643 

6582 

50 

51 

53 

55 

57 

59 

60 

5!  10 
613 

28  0 

7053 

6991 

6930 

6869 

6807 

6746 

6684 

6623 

6562 

0 

0 

2 

4 

6 

8 

xo 

10 

7036 

6974 

6912 

6851 

6789 

6727 

6665 

6604 

6542 

10 

xo 

12 

X4 

16 

18 

21 

7,x5 

20 

7018^ 

6956 

6894 

6832 

6770 

6708 

6646 

6584 

6522 

20 

21 

*3 

*5 

27 

29 

31 

8;i7 

80 

7001 

6939 

6877 

6814 

6752 

6690 

6627 

6565 

6503 

30 

31 

33 

35 

37 

39 

4* 

9' 19 

40 

6984 

6922 

6859 

6796 

6734 

6671 

6608 

6545 

6483 

40 

4* 

44 

46 

48 

50 

52 
63 

50 

6967 

6904 

6841 

6778 

6715 

6651  6589 

6526 

6463 

50 

5* 

55 

57 

59 

61 

29  0 

6950 

6887 

6823 

6760 

6697 

6633 

6570 

6507 

6443 

0 

0 

2 

4 

6 

8 

II 

10 

6933 

6869 

6806 

6742 

6678 

6615 

6551 

6488 

6424 

10 

IX 

»3 

15 

X7 

«9 

21 

20 

6916 

6852 

6788 

6724 

6660 

6596 

6532 

6469 

6405 

20 

21 

*3 

*5 

28 

30 

32 

SO 

6899 

6835 

6771 

6706 

6642 

6578 

6514 

6449 

6385 

30 

3* 

34 

36 

39 

4» 

43 

40 

6882 

6818 

^753 

6688 

6624 

6559 

6495 

6430 

6366 

40 

43 

45 

47 

49 

5* 

54 

50  686<^| 

C800 

673$ 

6671 

6606 

6541 

6476 

641 1 

6346 

50 

54 

56 

$8 

60 

63 

65 

_. 
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THE  LOGARITHMIC  DIFFERENCE 

1 

(Barometer,  30  inches.  Fahrenheit*!  Thermometer,  60^.)              1 

App. 
Alt 

Horizontal  Parallax. 

//  of|  Corr.  for  '/  of  Par. 

iub. 

0  ? 

53^   54' 

55' 

56' 

57' 

58' 

50' 

60' 

61' 

Par 

•  0* 

2* 

4' 

er 

i£ 

10' 

««•  J 

?*99 

999 

?'99 

9*99 

9*99 

9*99 

9*99 

9-99 

?'99 

do   0 

6848 

6783 

6718 

6653 

6588 

6522 

6457 

6392 

6327 

0 

0 

2 

4 

.  6 

9 

II 

10 

6831 

6766 

6700 

6635 

6569 

6504 

6439 

6373 

6308 

10 

II 

13 

15 

17 

20 

22 

fuA. 

so 

6815 

6749 

6683 

6617 

6551 

6485 

6420 

6354 

6288 

20 

22 

*4 

26 

29 

3» 

33 

30 

6798 

6732 

6665 

6599 

6533 

6467 

640  X 

6335 

6269 

30 

33 

35 

37 

40 

4* 

44 

40 

6781 

6714 

6648 

6581 

65x5 

6449 

6382 

63x6 

6249 

40 

44 

46 

49 

5' 

53 

56 

H.P. 

50 

6764 

6697 

6630 

6564 

6497 

6430 

6363 

6296 

6230 
62x0 

50 
0 

56 

58 

60 

62 

64 

66 

53' 

dl  0 

6747 

6680 

6613 

6546 

6479 

64x2 

6344 

6277 

0 

2 

4 

7 

9 

II 

10 

6731 

6663 

6596 

6528 

646  X 

6393 

6326 

6258 

6191 

10 

II 

13 

16 

18 

20 

*3 

/ 

20 

6714 
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THIS  LOOARITHMIC  DIFF1:RENCK 
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THE  LOGARITHMIC  DIFFERENCE 
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sec. 
11 

0^  O' 

h   m 

0°  r 

0^  2^ 

b  in 

0°  y 

h   Bi 

0*>  4' 

h   m 

0°  6' 

h  m 

0°  6' 

h  m 

0*  r 

h   m 

O'^  8' 

h  m 

^  9' 

860- 

0 

1 
1 
3 
4 
6 
6 

7 
8 
9 

10 
11 
12 
IS 
14 
16 
16 

17 
18 
19 

4*o334 

3*73*4 

3*5563 

3'43H 

3*3345 

3'a553 
3-1883 

3-1303 

3-0792 

»**553 
2*2481 

2*2410 

2*2341 

2-2272 

2-2205 

2-2139 

2-2073 

2*2009 

2-1946 

1-9542 
1*9506 
1*9471 

»*9435 
1*9400 

«*9365 
1*9331 

1*9296 

1*9262 

1*9228 

1-7782 

1*7757 

»*7734 
1*7710 

1-7686 

1*7663 

1*7639 
1*7616 

1*7593 
1*7570 

1*6532 
1*6514 
1-6496 
1-6478 
1*6460 

1*6443 
1*6425 

1-6407 

1-6390 

1-6372 

1*5563 

1*5549 

1*5534 
1-5520 

1*5505 

1*5491 

1*5477 
1-5463 

1*5449 
1*5435 

1*4771 
i'4759 
1*4747 
1*4735 
1*4723 
1*4711 

1*4699 
1-4688 
1-4676 
1*4664 

1-4102 

i'4X)9i 
1*4081 
1*4071 
1*4061 
1*4050 
1*4040 
1*4030 
1-4020 
1*4010 

13522 

1-3513 

1*3504 

1*3495 
1*3486 

1*3477 
1*3468 

1*3459 
1-3450 

1*3441 

1*3010 
1-3002 

1-2994 

1*2986 

1*2978 

1-2970 
1-2962 

1*2954 
1-2946 

1-2939 

0 

1 

2 
3 
4 

6 
6 

7 
8 
9 

3-0334 
2*9920 
2*9542 
2*9195 
2-8873 

»*8573 
2-8293 

2-8030 

2*7782 

1*^547 

2*1883 
2*1822 
2*1761 
2*1701 
2  1642 
2*1584 
2*1526 
2*1469 
2*1413 
2-1358 

1-9195 
1-9162 
1*9128 
1-9096 
19063 
1-9031 
1-8999 
1-8967 
1*8935 
1*8904 

>*7547 

1*7524 
1*7501 

1*7479 
1-7456 

«*7434 
1-7412 

1-7390 

1-7368 

1-7346 

1*6355 
1*6337 
1*6320 
1-6303 
1*6286 
1*6269 
1-6252 
1-6235 
1*6218 
1*6201 

1*5421 
1*5407 

i"5393 

1*5379 
1-5365 

1*5351 
1*5337 
1*5324 

1-5310 
1-5296 

1*4652 
1-4640 
1*4629 
1*4617 
1*4605 

1*4594 
1-4582 

1*4571 

»*4559 
1*4548 

1-4000 
1-3989 

1*3979 
1-3969 

1*3959 

1*3949 
1*3939 

1-3929 

1*3919 

1*3910 

1*3432 

1*3423 

1*3415 
1*3406 
1-3397 
1-3388 
1*3379 

1*3371 
1-3362 

1*3353 

1*2931 
1*2923 
1*2915 
1*2907 
1-2899 

1-2891 

1-2883 
1-2876 
1-2868 

1*2860 

10 
11 
12 
13 
14 
16 
16 

17 
18 
19 

90 
21 
22 
23 
24 
26 
26 

27 
28 

29 

2*7324 
2*7112 
2-6910 
2*6717 
2-6532 

2*6021 
2*5863 
2*5710 

2-1303 
2-1249 
2*1196 
»-ii43 
2*1091 
2*1040 
2-0989 
2-0939 
2*0889 
2*0840 

1*8873 
1*8842 
1*8811 
1*8781 

1*8751 
1*8721 

1*8691 

i*866i 

1*8632 

1*8602 

1*73*4 
1*7302 

17281 

1*7259 
1*7238 
1*7217 
1-7196 
1*7175 

1*7154 

1*7133 

1*6184 
i-6i68 
1*6151 
1*6135 
1*6118 
1*6102 
1*6085 
1-6069 
1-6053 
1*6037 

1*5283 
1*5269 
1-5256 
1-5242 
1*5229 
1*5215 
1*5202 
1*5189 

1*5175 
1*5162 

1*4536 
1*4525 

1*45 14 
1*4502 

1*4491 

1-4480 

1*4468 

1*4457 
1*4446 
1*4435 

1-3900 
1-3890 
1*3880 
1-3870 
1*3860 
13851 
1-3841 

1*3831 
1-3821 

1-3812 

1*3344 
1*3336 
1*3327 
1*3319 
1*3310 
1*3301 

1*3293 
1*3284 
1*3276 

1*3267 

1*2852 

1*2845 
1*2837 

1*2829 
1*2821 
1-2814 
1-2806 

1*2798 
1-2791 

1-2783 

20 
21 
22 
23 
24 
26 
26 

27 
28 
29 

SO 
SI 
32 
33 
S4 
36 
36 

37 
38 
39 

a*5563 
2-5421 

2*5283 

2-5149 

2-5019 

24894 

2*4771 

2-4652 

2-4536 

2*4424 

2-0792 
2-0744 
2-0696 
2-0649 
2-0603 
2-0557 
2*0512 
2-0467 
2*0422 
2-0378 

«*8573 
1*8544 

1*8516 

1*8487 
1*8459 
1*8431 
1*8403 

1*8375 
1*8348 
1*8320 

1*7112 
1*7091 
1-7071 
1-7050 
1-7030 
1*7010 
16990 
1-6970 
1-6950 
1*6930 

1-6021 
1*6004 
1*5988 

1*5973 

i'5957 
1*5941 

1*5925 

1*5909 

1*5894 

1-5878 

1*5149 
1*5136 

1*5123 

1*5110 

1*5097 

1-5084 
1*5071 

1-5058 

1*5045 
1-5032 

1-4424 

1*4412 
1*4401 
1*4390 

1*4379 
1*4368 

1*4357 
1*4346 

i"4335 
1*4325 

1-3802 
1-3792 
1-3783 

1*3773 

1*3764 

1*3754 

1*3745 

1*3735 
1*3726 

1*3716 

1*3259 
1-3250 
1-3241 

1*3233 
1*3225 
1*3216 

1*3208 

1*3199 
1*3191 

1*3183 

1*2775 

1*2768 
1*2760 

1*2753 

1-2745 

1*2738 
1-2730 

1*2722 

1*2715 
1-2707 

30 
31 
32 
33 
34 
36 
86 

37 
38 
89 

40 
41 
42 
43 
44 
46 
46 

47 
48 
49 

»*43H 
2*4206 

2-4102 

2*4000 

2-3900 

2*3802 

2*3707 

2-3613 

2-3522 

a*  343* 

»*03'34 
2*0291 

2-0248 

2-0206 

2*0164 

2-0122 

2*0081 

2*0040 

2*COOO 
1*9960 

1-8293 
1*8266 

1*8239 
1*8212 

18186 

1*8159 

1*8133 

1*8107 
1*8081 
1*8055 

1*6910 
1*6890 
1*6871 
1*6851 
1-6832 
r68i2 

16793 
1*6774 

1-6755 

1*6736 

1*5863 
1*5847 
1*5832 
1*5816 
1-5801 
1*5786 

1*5771 
1*5755 
1*5740 
1*5725 

1*5019 
1-5007 

1*4994 
1-4981 

1*4969 

1-4956 

1*4943 
1*4931 

1*4918 
1  -4906 

1*4314 
1*4303 

14292 

1*4281 

1*4270 

1*4260 

1-4249 

1-4238 

1*4228 

1*4217 

1-3707 

1*3697 
1*3688 

1-3678 

1*3669 

1*3660 

1-3650 
1-3641 

1*3632 

1*3622 

1*3174 
1-3166 

1*3158 
1*3149 
1*3141 
1*3133 
1*3124 
1-3116 
1*3108 
1*3100 

1-2700 
1*2692 
1-2685 
1-2678 
1*2670 
1-2663 

1*2655 
1*2648 

1*2640 

1*2633 

40 
41 
42 
43 
44 
46 
46 

47 
48 
49 

60 
61 
62 
63 
64 
66 
66 

67 
68 
19 
60 

a*  3  345 
2-3259 

2-3174 

2*3091 

2*3010 

2-293] 

2*2852 

2-2775 

2*2700 

2*2626 

2*2553 

1*9920 
I-9881 
1*9842 
1-9803 
1*9765 
1*9727 
1*9690 
1-9652 
1-9615 

>'9579 
1-9542 

1*8030 
1*8004 

1*7979 

>*7954 
1*7929 

1*7904 

1-7879 

1-7855 

1*7830 

1*7806 

1*7782 

1*6717 
1-6698 
1*6679 
1-6661 
1*6642 
1*6624 
1-6605 

1-6587 
1*6568 
1-6550 
1*6532 

1*5710 
1-5695 
1-5680 
1*5666 

1*5636 
1*5621 
1*5607 
1*5592 

1*5577 
1*5563 

1*4894 
1*4881 
1*4869 
1*4856 

1*4844 
1*4832 
1*4820 
1*4808 

1*4795 
1*4783 

1-4771 

1*4206 
1-4196 
1*4185 

1*4175 
1*4164 

1*4154 

1*4143 

14133 
1*4122 

1-41 12 

1-4102 

1*3613 
1*3604 

1*3595 
1*3586 

1*3576 

1*3567 

1*3558 

1*3549 
1-3540 

1*3531 
1*3522 

1-3091 
1-3083 
1*3075 
1-3067 
1-3059 

1*3051 
1-3043 

1*3034 
1*3026 

1*3018 

1*3010 

1*2626 
1*2618 
1*2611 
1*2604 
1*2596 
1*2589 
1*2582 
1*2574 
1-2567 
1*2560 
1*2553 

60 
61 
62 
63 
64 
66 
66 

67 
68 
69 
00 
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h   m 

0^10' 

n    m 

o^ir 

h   m 

0*»12' 

h   m 

*13' 

h   m 

b   a 

0  16' 

h   m 

o^^ie* 

0^17" 

h  .  h  » 

0°  IS'  0°  ir 

sec. 

tt 

0 

1 
2 
3 
4 
5 
6 

7 

8 
9 

"•*S53 

1*2538 
1-2531 
1*2524 
1-2517 

I'25IO 

1*2502 

12495 
1-2488 

1*2139 

1-2132 

1-2J26 
1*2119 
1*2113 
l*2Zo6 
1-2099 
1-2093 
1*2086 
1*2080 

1-1761 

'•1755 
1*1749 

1-1743 

1-1737 
1-1731 

1-1725 

1-1719 

1-1713 

1-1707 

1-1413 
1-1408 
1*1402 
1*1397 
1*1391 
1*1385 
1*1380 
1*1374 
1*1369 
1*1363 

1-109 1 

1-1086 
I' 108 1 

1*1076 
I-I071 
I -1066 
1-106 1 

1-1055 

1-1050 
1-1C45 

1*0792 
1*0787 
1-0782 
10777 
1-0773 
1-0768 
1-0763 
1-0758 
1*0753 
1*0749 

1-0512 
1-0507 
.1-0502 
10498 
1-0493 
1-0489 
1-0484 
1*0480 

1*0475 
1*0471 

1*0248 
1-0244 
1*0240 
10235 
1*0231 
1*0227 
1-0223 
1-0218 
1*0214 
1*0210 

1*0000 
0*9996 
0*9992 
0^9988 
0*9984 
0*9980 
0-9976 
0-9972 
0*9968 
0*9964 

9765 
9761 

9758 
9754 
9750 
9746 
9742 

9739 

9735 
9731 

954a 

9539 

9535 
9532 

9528 

95*4 
9521 

95»7 

9514 
9510 

0 

1 
2 
3 
4 
5 
6 

7 
8 

9 

10 
U 
12 
13 
U 
15 
16 

17 
18 
19 

1*2481 
1*2474 
1-2467 

1-2460 

i"a453 

i'a445 
1*2438 

1*2431 

1*2424 

1*2417 

1-2073 
1*2067 
1*2061 
1*2054 
1-2048 
1*2041 
1*2035 
1-2028 
1*2022 
1-2015 

1-1701 
1-1695 
1*1689 
1*1683 
1-1677 
1-1671 
1-1665 
1-1660 
1*1654 
1-1648 

1-1358 
1-1352 

i'i347 
1-1341 

1-1336 

1-1331 

1*1325 

1*1320 

1-1314 

1*1309 

1*1040 
1*1035 

1*1030 
1-1025 

1-1020 
1-1015 
1-1009 
1*1004 
1-0999 
10994 

1-0744. 
1-0739 
1-0734 
1-0729 
1-0725 
1*0720 
10715 
1*0710 
1*0706 
1*0701 

1*0467 
1*0462 
1-0458 
1*0453 
1*0449 

10JM4 
10440 

1-0435 

1*0431 

1-0426 

1*0206 
1'0202 
1*0197 
1-0193 
1-0189 
1*0185 

i'oi8i 
1*0176 
1*0172 
1-0168 

0-9960 
0*9956 
0*9952 
0-9948 
0*9944 
0*9940 
0-9936 
0-9932 
0*9928 
0*9924 

9727 
9723 
9720 
9716 
9712 
9708 

9705 
9701 
9607 

9«93 

9506 

9503 

949? 
9496 

9492 

9488 

9485 
9481 

9478 

9474 

10 
11 
12 
13 
14 
15 
16 

17 
18 
19 

20 
21 
22 
23 
24 
25 
26 

27 

28 
29 

1*2410 
1-2403 
1-2396 
1*2389 
1*2382 
1*2375 
1*2368 
1*2362 
1-2355 
1*2348 

1*2009 
1-2003 
1-1996 
1-1990 
1-1984 
1-1977 
1-1971 
1-1965 
1*1958 
11952 

1*1642 
1-1636 
1*1630 
1*1624 
1-1619 
1-1613 
1-1607 
ri6oi 
1*1595 
1-1589 

1-1303 
1*1298 
1-1292 
1-1287 
1-1282 
1*1276 
1*1271 
1*1266 
1*1260 
1*1255 

1*0989 
1*0984 
1*0979 
1-0974 
1*0969 
1*0964 
1-0959 
1*0954 
10949 
1-0944 

1*0696 
1*0692 
1*0687 
1-0682 
1*0678 
1*0673 
1*0668 
1*0663 
10659 
1-0654 

1-0422 
1*0418 
1*0413 

1*0409 

1-04XJ4 
1*0400 
1*0395 
1*0391 

1-0387 
1-0382 

1-0164 
1*0160 
1-0156 
1-0151 
1*0147 
10143 
1-0139 
1-0135 
1-0131 
1*0126 

0*9920 
0-9916 
0*9912 
o*99p8 
0*9905 
0-9901 
0*9897 
0-9893 
0*9889 
0*9885 

9690 
9686 
9682 
9678 
9675 
9671 
9667 

& 

91156 

9471 

9467 
9464 

9460 

9456 

9453 

9449 
9446 

944* 
9439 

20 
21 
22 
23 
24 
25 
26 

27 

28 
29 

30 
31 
32 
33 
34 
35 
36 

37 

38 
39 

1*2341 

1-2334 

i-a3*7 
1*2320 

1*2313 

1-2306 

1-2300 

1*2293 

1*2286 

1-2279 

11946 
11939 

1-1933 
1-1927 
1*1921 
1*1914 
1*1908 
1*1902 
1*1896 
1*1889 

1*1584 
1*1578 
1-1572 
1-1566 
1-1560 

1-1549 

»*i543 
«"»537 
1-1532 

1*1249 
1*1244. 
11239 
1*1233 
1*1228 
1*1223 
1*1217 
1*1212 
1*1207 
I*  1201 

1-0939 
1-0934 
1-0929 
1-0924 
1*0919 
10914 
1-0909 
1-0904 
1*0899 
1*0894 

1*0649 
1*0645 
1-0640 
1-0635 
1-0631 
1*0626 
1-0621 
1*0617 

l'06l2 

1*0608 

1*0378 
1*0373 
1*0369 
1-0365 
1-0360 
1-0356 
1-0352 
1*0347 

1*0343 
1*0339 

1*0122 
1-0118 
1-0114 
i-oiio 
i'oio6 

1-0102 

1-0098 
1*0093 
1*0089 
1*0085 

0*9881 
0-9877 
0*9873 
0-9869 
0*9865 
0-9861 
0-9858 

0*9854 
0*9850 
0*9846 

9652 
9649 
9645 
9641 
9638 
9634 
9630 
9626 
9623 
9619 

9615 
9612 
9608 
9604 
9601 

9597 

9593 
9590 

9586 

9582 

9435 

943* 
9428 

94*5 
9421 

9418 
9414 
9410 

9407 
9404 

30 
31 
32 
33 
34 
35 
36 

37 

38 
39 

40 
41 
42 
43 
44 
45 
46 

47 

48 
49 

1*2272 
1-2266 
1*2259 
1*2252 

1-2245 

1-2239 

1*2232 
1*2225 
1*2218 

1*2212 

1-1883 

1*1877 
1*1871 
1*1865 
1*1858 
1*1852 
1-1846 
1*1840 
1*1834 
1*1828 

1-1526 
1*1520 
1*1515 
11509 
11503 
1*1498 
1-1492 
1*1486 
1*1481 

»-H75 

1*1196 
1*1191 
i'ii86 
1-1180 

1-1175 
1-1170 

1*1164 

1-1159 

1*1154 

1*1149 

1*0889 
1-0884 
1-0880 
1*0875 
1-0870 
1*0865 
1*0860 

10855 
1*0850 
1*0845 

1*0603 

1-0598 
1*0594 
1*0589 
1*0584 

1*0580 

1*0575 
1*0571 

1*0566 
1*0562 

1*0334 
1-0330 
1-0326 
1*0321 
1*0317 
10313 
1*0308 
1*0304 
1*0300 
1*0295 

1*0081 
1*0077 

1*0073 

1-0069 
1*0065 
1*0061 

1*0057 

1-0053 
1*0049 

1*0044 

0-9842 
0-9838 

0-9834 
0*9830 
0*9827 
0-9823 
0*9819 
0-9815 
0-9811 
0*9807 

94C0 
9396 

9393 
9389 

9386 

93«3 
9379 
9376 
9372 
9369 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

50 
51 
52 
53 
54 
55 
56 

67 

58 
59 

1  60 

1*2205 
1-2198 
1-2192 
1*2185 
1*2178 
1*2172 
1*2165 
1-2159 
1*2152 

1-2145 
1-2139 

1*1822 
i*i8i6 
1-1809 
1*1803 
1*1797 
1*1791 
1-1785 
1-1779 
1-1773 
1-1767 
1-1761 

1-1469 
11464 
11458 
1-1452 
I- 1447 
1-1441 
1-1436 
1*1430 
I -1424 
1-1419 
1*1413 

11 143 
1*1138 
1*1133 
1*1128 
1*1123 
1-1117 
1-1112 
1-1107 
1*1102 
1-1097 
1-1091 

1*0840 
1-0835 
1-0831 
1*0826 
1*0821 

i-o8i6 
1*0811 
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4087 

4026 

3965 

3906 

3847 

3789 
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3675 

3619 

3564 

3509 

3455 

14 

15 

4086 

4025 

3964 

3905 

3846 

3788 

3730 

3674 

3618 

3563 

3508 

3454 

15 

16 

4085 

4024 

3963 

3904 

3845 

3787 

3729 

3673 

3617 

356* 

3507 

3454 

16 

17 

4084 

4023 

3962 

3903 

3844 

3786 

37*8 
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3616 

3561 

3506 

3453 

17 

18 
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3961 

3902 

3843 

3785 

37*7 

3671 

3615 

3560 

3506 
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18 

19 
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3670 

3614 

3559 
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3900 
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21 
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3557 
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21 

22 
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3957 
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3448 

22 

23 
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4017 
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3447 

23 

24 
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24 
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27 
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27 

28 

4073 
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3833 
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28 

29 
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383a 
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29 

30 
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30 
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40 
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50 

51 

4049 
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3585 
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52 
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0 
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3362 

3310 

3*59 
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3108 

3059 

30x0 

2962 
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2868 

0 

1 

34H 

S361 

3309 

3258 

3107 

3«57 
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3058 

3009 

296X 

2914 

2867 

1 

2 

34«3 

3360 

3308 

3*57 
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3x06 

3057 

3009 

2961 
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3 

3 
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3359 

3307 
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2960 
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2959 
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3*53 
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3054 

3005 

2958 

2910 

2863 

6 

7 

3408 

3356 

3304 

3*53 

3202 

3152 

3x02 

3053 

3005  2957 

2909 

2862 

7 

8 

3407 

3355 

3303 

3*5* 

3201 

3151 

310X 

3052 

3004  *956 

2909 

2862 

8 

9 

3407 
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3*51 
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3150 
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2908 
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10 
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3099 

3050 

300  X 

*954 

2906 

2859 

11 

12 

3404 

3351 1 3300 

3248 

3198 

3148 

3098 

3049 

300X 

*953 

2905 

2859 

12 

J8 

3403 

335' 

3299 

3*47 

3 '97 

3 '47 
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3*97 
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290X 

2855 

17 

18 

3399 

3346 
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3043 
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2852 
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21 

3396 

3344 

3292 

3*41 
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2993 

2946 

2898 
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22 

3395 
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3291 

3240 

3189 
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2993 
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2898 
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22 

23 

3394 

334a 
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2944 

2897 

2850 

23 

24 

.3393 
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3289 

3238 

3188 
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3088 

3039 
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2896 

2849 

24 

25 

3393 

3340 

3288 

3*37 
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3'37 

3087 

3038 

2990 

2942 

2895 

2848 

25 

26 

3392 

3339 

328^ 

3236 

3186 

3136 

3087 

3038 

2989 

2942 

2894 

2848 

26 

27 

3391 

3338 

3287 

3236 

3185 

3'35 

3086 

3037 

2989 

*94' 

2894 

2847 

27 

28 

3390 

3338 

3286 

3*35 

3184 

3'34 

3085 

3036 

2988 

2940 

2893 

2846 

28 

29 
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3337 

3285 
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3'33 

3084 

3035 

2987 
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2892 

2845 

29 
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30 

3388 

3336 

3284 

3*33 
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3'33 

3083 

3034 

2986 
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2845 

31 
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3335 

3283 
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3182 

3132 

3082 

3034 

2985 

2938 
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81 

32 
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3334 
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3082 

3033 

2985 
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3& 

83 

3386 
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3282 

3*3' 

3180  3130 

3081 

3032 

2984 

2936  2889 

2842 

S3 

34 

3385 

333» 

3281 

3230 

3179 

3129 

3080 

303  X 

2983 

2935  2888 

284X 

34 

85 

3384 

3331 

3280 

3229 

3178 

3128 

3079 

3030 

2982 

*935 

2887 

2841 

35 

86 

3383 

3331 

3*79 

3228 

3178 

3128 

3078 

3030 

298  X 

2934 

2887 

2840 

36 

37 

3381 

3330 

3278 

3227 

3177 

3127 

3078 

3029 

298  X 

*933 

2886 

2839 

87 

38 

3381 

33*9 

3277 

3226 

3176 

3126 

3077 

3028 

2980 

2932 

2885 

*838 

38 

39 

3380 

33*8 

3276  3225 

3175 

3125 

3076 

3027 

2979 

293  X 

2884 

2838 

39 

40 

3379 

33»7 

3276 

3**5 

3'74 

3124 

3075 

3026 

2978 

2931 

2883 

2837 

40 

41 

3378 

33*6 

3*75 

3**4 

3'73 

3'*4  3074 

3026 

2977 

2930 

2883 

2836 

41 

42 

3378 

33*5 

3*74 

3**3 

3173 

3123 

3073 

3025 

2977 

2929 

2882 

283s 

42 

43 

3377 

33*5 

3*73 

3222 

3172 

3122 

3073 

3024 

2976 

2928 

2881 

2835 

43 

44 

3376 

33H 

3*7* 

3221 

3171 

3121 

3072 

3023 

*975 

2927 

2880 

2834 

44 

45 

3375 

33»3 

3271 

3220 

3170 

3120 

3071 

3022 

*974 

2927 

2880 

2833 

45 

46 

3374 

33" 

3270 

3219 

3169 

3119 

3070 

3022 

2973 

2926 

^Vt 

2832 

46 

47 

3373 

3321 

3270 

3219 

3168 

3"9 

3069 

3021 

*973 

2925 

2878 

2831 

47 

48 

337a 

3320 

3269 

3218 

3168 

31x8 

3069 

3020 

2972 

2924 

2877 

2831 

48 

49 

3371 

33>9" 

3268 

3217 

3167 

3"7 

306S 

3019 

2971 

2923 

2876 

2830 

49 

«0 

3371 

3319 

3*67 

3216 

3166 

3116 

3067 

30x8 

2970 

2923 

2876 

2829 

50 

51 

3370 

3318 

3266 

3215 

3165 

3"5 

3066 

30x8 

2969 

2922 

2875 

2828 

51 

52 

3369 

3317 

3265 

3214 

3164 

3"4 

3065 

3017 

2969 

2921 

2874 

2828 

52 

53 

3368 

3316 

3264 

3*'4 

3163 

3"4 

3064 

3016 

2968 

2920 

2873 

2827 

53 

54 

3367 

33x5 

3264 

3213 

3163 

3"3 

3064 

3015 

2967 

2920 

*873 

2826 

54 

55 

3366 

3314 

3*63 

3212 

3162 

3112 

3063 

3014 

2966 

2919 

2872 

2825 

55 

56 

3365 

3313 

3262 

3211 

3161 

3"! 

3062 

30'3 

2965 

29x8 

2871 

2824 

56 

67 

3365 

3313 

3261 

3210 

3160 

3x10 

3061 

J013 

2965 

2917 

2870 

2824 

57 

58 

3364 

3312 

3260 

3209 

3'59 

3109 

3060 

3012 

2964 

29x6 

2869 

2823 

58 

59 

3363 
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3*59 

3209 

3158 
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3060 
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2963 

2916 

2869 

2822 

59 

60 
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3108 
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0 

0 
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2424 
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2341 

1 

2821 
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2596 
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2509 

2466 

2424 
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2340 

1 

2 

2820 

^774 
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2683 

2639 

»S95 

2551 

2508 

2465 
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2 

3 
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3 

4 

2818 
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2682 
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2507 
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2817 
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27»5 
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2378 
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6 

7 
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2590 

2546 

2503 

2460 

2418 

2376 

2335 

9 

10 

2814 

2768 

2722 

2678 

2633 

2589 

»545 

2502 

2460 

2417 

4375 

2334 

10 

11 

2813 

2767 

2722 

2677 

2632 

2588 

aS4S 

2502 

»459 

2417 

2375 

2333 

U 

12 

2812 

2766 

2721 

2676 

2632 

2588 

2544 

2501 

2458 

2416 

2374 

2333 

12 

13 

2811 

2766 

2720 

2675 

2631 

2587 

»543 

2500 

»457 

2415 

2373 

2332 

13 

U 
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2630 
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2499 
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2414 
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2331 
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15 

2810 

2764 

2719 

2674 

2629 

2585 

2542 

2499 

2456 

2414 

2372 
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15 

16 

2809 

2763 

2718 

2673 

2629 

2585 

2541 

2498 

»455 

2413 

2371 

2330 
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17 
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2763 
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2672 
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2540 

2497 

»4S5 

2412 
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2329 

17 

18 

2808 

2762 
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10 
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21 
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2760 
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2669 
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2538 
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2326 

21 

22 

2804 

2759 

2713 

2669 

2624 

2580 

2537 

2494 
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2409 

2367 
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22 

23 

2804 
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2713 

2668 
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2536 
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24 
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2712 

2667 

2623 
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2492 
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24 

25 
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2756 

2711 

2666 

2622 

2578 

a535 

2492 

244.9 

2407 

2365 

2324 

25 

26 

2801 

2756 

2710 

2666 

2621 

2577 

*534 

2491 

2448 

2406 

2364 
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26 

27 

2801 

*755 

2710 

2665 

2621 

2577 

2533 

2490 

2448 

2405 

2364 
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27 

28 
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1754 

2709 

2664 
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2576 
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2447 

2405 
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2799 
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«735 

'734 

1734 

'733 

'733 
173a 

1731 

1701 
1700 
1700 
1699 
1699 
1698 
1697 
1697 
1696 
1696 

1630 
1630 
1629 
162S 
1628 
1627 
1627 
1626 
1626 
1625 

'595 

'595 

'594 

'593 

'593 
159a 

159a 

'59' 

'59' 
1590 

1560 
1560 

'559 

'559 
1558 

1558 

'557 
1556 

1556 
'555 

1526 
1525 
1525 

'5*4 

1524 
1523 

1523 

1522 

1522 

1521 

1492 
1491 
149 1 
1490 
1490 
1489 

1489 
1488 

1487 
1487 

1458 

'457 
'457 
1456 
1456 

'455 
'455 
'454 
1454 
'453 

'4*4 
1424 

'4*3 

'4*3 
1422 

1422 

1421 

1420 

1420 

1419 

1391 
1390 
1390 
1389 
1389 
1388 
1388 
1387 
1387 
1386 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

50 
51 
52 
53 
54 
55 
56 

57 
58 
59 
60 

1803 

1803 

1802 

1801 

1801 

1800 

1800 

1799 

1798 

1798 
1797 

'73' 
1730 

1730 

'729* 
1728 

1728 

1727 

'727 
I7a6 

1725 
'7*5 

1695 
1694 
1694 

,'693 
1693 

169a 

1691 

1691 

1690 

1690 

1689 

1660 
1659 
1658 
1658 
1657 
1657 
1656 
.655 
1655 

1654 
1654 

1624 
1624 
1623 
i6a3 
i6aa 
i6ai 
i6ai 
i6ao 
1620 
1619 
1619 

1589 
1589 
1588 
1588 

1587 
1586 
1586 
1585 
1585 
1584 

1584 

'555 

'554 

'554 

'553 
1552 

1552 

'55' 

'55' 
1550 

1550 
'549 

1520 
1520 
1519 
1518 
1518 
1518 
1517 
1516 
1516 

'5'5 
'5'5 

i486 
i486 

1485 
1485 

1484 

1483 

1483 

1482 

1482 

1481 

1481 

'45* 
1452 

'45' 
145 1 

1450 

1450 

'449 

'449 
1448 

'447 
'447 

1419 
1418 
1418 
1417 
1417 
1416 
1415 
141 5 
1414 
1414 

1413 

1386 
1385 
1384 
1384 
1383 
1383 
1382 
138a 
1381 
1381 
1380 

50 
51 
52 
53 
54 
55 
56 

57 
58 

59 
60 

874 
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PROPORTIONAL  LOGARITHMS 

86C. 

h  m  h  ml 

h  ml  h  mi  h  mi  h  ml 

h  m 

h  m 

h  m 

h  m 

h  m 

h  M 

sec; 

2**  11' 

2°  12' 

2*'l3' 

2^14' 

2°  16' 

2'' 16' 

2°ir 

2^18' 

2^19' 

2*»20' 

20  21' 

2^22' 

// 

0 

1380 

>347 

13 14 

1282 

1249 

1217 

1x86 

"54 

1x23 

109 1 

106  X 

1030 

0 

1 

1379 

1346 

1314 

1281 

1249 

1217 

1185 

"53 

XX22 

X09X 

X060 

1029 

1 

2 

1379 

1346 

"3«3 

12S1 

X248 

12x6 

ZX84 

"53 

ZI2I 

X090 

1059 

1029 

8 

3 

1378 

1345 

1313 

1280 

1248 

Z2l6 

X184 

1x52 

II2X 

1090 

»o59 

1028 

8 

4 

1378 

1345 

1312 

1279 

1247 

12x5 

X183 

XX52 

ZX20 

X089 

1058 

1028 

4 

6 

1377 

1344- 

1311 

1279 

1247 

I2I5 

1183 

1x51 

1 120 

X089 

1058 

XO27 

5 

6 

1377 

1344 

1311 

1278 

1246 

12x4 

1x82 

IX5X 

1 1 19 

1088 

1057 

1027 

6 

7 

1376 

1343 

1310 

1278 

Z246 

I2I4 

1x82 

1x50 

IXI9 

1088 

1057 

1026 

7 

8 

1376 

1343 

1310 

1277 

1245 

12x3 

ii8x 

1x50 

zix8 

1087 

1056 

X026 

8 

9 

«375 

1342 

1309 

1277 

1245 

I2I3 

X181 

"49 

xix8 

1087 

1056 

1025 

9 

10 

»374 

1341 

1309 

1276 

1444 

I2I2 

X180 

"49 

III7 

1086 

1055 

X025 

10 

11 

1374 

1 341 

1308 

1276 

1243 

I2XX 

X180 

1 148 

XXI7 

1086 

1055 

1024 

11 

12. 

1373 

1340 

1308 

"75 

"43 

X21I 

1179 

XX48 

xxx6 

1085 

X054 

X024 

12 

18 

»373 

1340 

1307 

1275 

1242 

12 10 

1x79 

"47 

XXI6 

1085 

1054 

1023 

IS 

U 

1372 

1339 

1307 

1274 

1242 

I2IO 

1x78 

"47 

XXI5 

X084 

1053 

X023 

U 

15 

1372 

1339 

1306 

1274 

1241 

1209 

1 178 

ZZ46 

IXI5 

X084 

1053 

1022 

15 

16 

1371 

1338 

1305 

1273 

1241 

1209 

"77 

1 146 

XXI4 

Z083 

X052 

X022 

16 

17 

1371 

1338 

1305 

1272 

1240 

1208 

"77 

"45 

XXX4 

X0K3 

1052 

X02X 

17 

18 

1370 

1337 

1304 

127a 

Z240 

X2o8 

1176 

"45 

XX13 

io8s 

X051 

I02I 

18 

19 

1369 

»337 

1304 

127.' 

"39 

Z207 

"75 

"44 

XXX3 

X082 

105  X 

X020 

19 

90 

1369 

1336 

1303 

127T 

"39 

1207 

"75 

"43 

1112 

xo8x 

1050 

X020 

20 

81 

1368 

'335 

1303 

1270 

1238 

1206 

"74 

"43 

IIX2 

X081 

1050 

XOI9 

21 

82 

1368 

1335 

1302 

1270 

1238 

X206 

"74 

XX42 

XXIX 

X080 

1049 

1019 

22 

83 

1367 

1334 

1302 

1269 

"37 

1205 

"73 

1142 

IIXX 

X080 

1049 

XOlS 

23 

84 

1367 

1334 

1301 

1269 

"37 

1205 

"73 

1141 

1 1 10 

1079 

1048 

XO18 

24 

86 

1366 

1333 

1301 

1268 

1236 

1204 

1 172 

X141 

XZIO 

1079 

1048 

IOI7 

25 

26 

1366 

1333 

1300 

1268 

"35 

1203 

X172 

ZZ40 

XI09 

X078 

1047 

XOI7 

26 

87 

1365 

1332 

1300 

1267 \ 1235 

1203 

X171 

ZI40 

1x09 

1078 

1047 

xox6 

87 

88 

1365 

1332 

1299 

1267 

"34 

1202 

1171 

"39 

1 108 

1077 

1046 

zox6 

28 

89 

1364 

1331 

1298 

1266 

"34 

1202 

X170 

"39 

X107 

1076 

1046 

X015 

29 

SO 

1363 

1331 

Z298 

1266 

1233* 

X20I 

1 170 

XX38 

1 107 

1076 

1045 

1015 

80 

31 

1363 

1330 

1297 

1265 

"33 

120 1 

1x69 

X138 

1 106 

1075 

1045 

10 14 

31 

82 

1362 

1325 

1297 

Z264. 

1232 

1200 

XX69 

"37 

X106 

1075 

X044 

X014 

32 

38 

Z362 

1329 

1296 

1264 

1232 

1200 

X168 

"37 

1 105 

1074 

1044 

10x3 

33 

34 

1361 

1328 

1296 

1263 

1231 

1X99 

1x68 

XX36 

XX05 

1074 

1043 

Z013 

34 

35 

1361 

Z328 

"95 

1263* 

1231 

1199 

Z167 

X136 

1x04 

X073 

X043 

10x2 

35 

86 

1360 

1327 

1295 

1262 

1230 

II98 

X167 

"35 

XX04 

1073 

1042 

X012 

36 

37 

1360 

1327 

1294 

1262 

1230 

XX98 

xz66 

"35 

1x03 

1072 

1042 

XOXI 

87 

38 

«359 

1326 

1294 

1261 

1229 

II97 

1 165 

"34 

XX03 

1072 

104X 

lOXO 

38 

39 

»359 

Z326 

1293 

126 1 

1229 

1 197 

1165 

"34 

1 102 

107 1 

X041 

lOIO 

39 

40 

1358 

1325 

1292 

1260 

1228 

XI96 

X164 

"33 

XI02 

107 1 

1040 

X009 

40 

41 

1357 

1325 

1292 

1260 

1227 

1X96 

1 164 

1132 

XIOI 

X070 

1039 

Z009 

41 

42 

1357 

1324 

1291 

i»59 

1227 

"95 

1163 

X132 

IIOI 

1070 

1039 

1008 

42 

43 

1356 

1323 

1291 

1258 

1226 

1 194 

X163 

X131 

1 100 

X069 

X038 

X008 

43 

44 

1356 

1323 

1290 

1258 

1226 

1 194 

1 162 

113X 

IIOO 

1069 

X038 

1C07 

44 

45 

«3S5 

1322 

1290 

1257 

1225 

1193 

1162 

1 130 

1099 

1068 

1037 

IC07 

45 

46 

>355 

1322 

1289 

1257 

1225 

1193 

1161 

1130 

1099 

1068 

X037 

X006 

46 

47 

>35+ 

1321 

X289 

1256 

1224 

X192 

1161 

X129 

XO98 

X067 

1036 

1006 

47 

48 

1354 

1321 

1288 

1256 

1224 

1192 

1 160 

1 129 

XO98 

X067 

1036 

X005 

48 

49 

1353 

1310 

1288 

'»55 

1223 

1191 

1x60 

1128 

1097 

1066 

X035 

X005 
X004 

49 
50 

50 

1352 

1320 

1287 

"55 

1223 

X19X 

"S9 

XX28 

XO97 

1066 

»035 

51 

1352 

1319 

1287 

1254 

1222 

1 190 

"59 

1x27 

ZO96 

X065 

1034 

xcx)4 

51 

52 

1351 

1319 

1286 

1254 

1222 

1190 

1x58 

X127 

XO96 

X065 

1034 

1003 

62 

53 

1351 

1318 

128  s 

1253 

1221 

1x89 

1158 

X126 

1095 

1064 

1033 

1003 

68 

54 

1350 

1317 

1285 

1253 

1221 

1x89 

"57 

X126 

1095 

1064 

X033 

1002 

64 

55 

1350 

1317 

1284 

1252 

1220 

X188 

IIS7 

II2S 

1094 

X063 

1032 

1002 

55 

56 

"349 

1316 

1284 1  1251 

1219 

1 188 

1156 

XI25  1093 

1063 

X032 

too  I 

56 

57 

1349 

1316 

1283  >25i 

12x9 

1187 

XI 56 

XI 24  1093 

X062 

103 1 

XOOI 

57 

58 

1348 

1315 

1283  ,  1250 

12X8 

1187 

"55 

1124 

109 1 

X062 

X031 

xooo 

58 

|W  1347 

1315 

1282 

1250 

I2I8 

1186 

"54 

1 123 

1092 

106 1 

1033 

1000 

59 

1  60  1347  [1314 1  "•» 

1249 

I2I7 

1186 

"54 

XX23 

IO9X 

106 1 1 1030 

0999| 

60 
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PROPORTIONAL  LOGARITHMS 

secTt  k  ■ 

b   m 

h   m 

h   m 

b   n 

1  b   m  b   m 

h   IB 

h   ai  b   m 

lb   mi  h   m 

sec. 

II 

2°  23' 

2«24' 

2«25' 

2*' 26' 

2°27'  2<»28'  2*^29' 

2°80' 

2«3r  2^32' 2^33' 

1 

2°  34' 

// 

0 

0999 

0969 

0939 

0909 

0880 

0850 

082  X 

0792 

0763  0734 

0706 

0678 

0 

1 

0999 

0969 

0939 

0909 

0879 

0850 

0820 

0791 

0762  0734 

0705 

0677 

1 

2 

0998 

0968 

0938 

0908 

0879 

0849 

0820 

079X 

0762 

0733 

0705 

0677 

2 

3 

0998 

0968 

0938 

0908 

0878 

0849 

08x9 

0790 

0762 

0733 

0704 

0676 

3 

4 

0997 

0967 

0937 

0907 

0878 

0848 

0819 

0790 

0761 

073a 

0704 

0676 

4 

5 

0997 

0967 

0937 

0907 

0877 

0848 

0818 

0789 

0761 

0732 

0703 

0675 

5 

6 

0996 

0966 

0936 

0906 

0877 

0847 

0818 

0789 

0760 

073  X 

0703 

0675 

6 

7 

0996 

0966 

C936 

0906 

0876 

0847 

0817  0788 

0760 

073  X 

070a 

0674 

7 

8 

0995 

0965 

0935 

0905 

0876 

0846 

0817  0788 

0759 

0730 

070a 

0674 

8 

9 

099  s 

0965 

0935 

0905 

0875 

0846 

08x6  0787 

0759 

0730 

070a 

0673 

9 

10 

0994 

0964 

0934 

0904 

0875 

0845 

08x6 

0787 

0758 

0729 

070  X 

0673 

10 

11 

0994. 

0964 

0934 

0904 

0874 

0845 

0815 

0787 

0758 

0729 

0701 

0672 

U 

12 

0993 

0963 

0933 

0903 

0874 

0844 

08x5 

0786 

0757 

0729 

0700 

0672 

12 

13 

0993 

0963 

0933 

0903 

0873 

0844 

08x5 

0786 

0757 

0728 

0700 

067  X 

13 

14 

0992 

0962 

0932 

0902 

0873 

0843 

0814 

0785 

0756 

0728 

0699 

0671 

14 

Id 

0992 

0962 

0932 

0902 

0872 

0843 

08x4 

0785 

0756 

0727 

0699 

0670 

16 

16 

0991 

0961 

0931 

0901 

0872 

0842 

08x3 

0784 

075s 

0727 

0698 

0670 

16 

17 

0991 

0961 

0931 

0901 

0871 

0842 

08x3 

0784 

0755 

0726 

0698 

0669 

17 

18 

0990 

0960 

0930 

0900 

0871 

0841 

0812 

0783 

0754 

0726 

0697 

0669 

18 

19 

0990 

0960 

0930 

0900 

0870 

0841 

0812 

0783 

0754 

0725 

0697 

0669 

19 

20 

0989 

0959 

0929 

0899 

0870 

0840 

081X 

0782 

0753 

0725 

0696 

0668 

20 

21 

0989 

0959 

0929 

0899 

0869 

0840 

08x1 

0782 

0753 

0724 

0696 

0668 

21 

22 

0988 

0958 

0928 

0898 

0869 

0839 

08x0 

0781 

0752 

0724 

0695 

0667 

22 

23 

0988 

0958 

0928 

0898 

0868 

0839 

0810 

0781 

0752 

0723 

C695 

0667 

23 

24 

0987 

0957 

0927 

0897 

0868 

0838 

0809 

0780 

075  X 

0723 

0694 

c666 

24 

2A 

0987 

0957 

0927 

0897 

0867 

0838 

0809 

0780 

075  X 

0722 

0694 

0666 

25 

26 

0986 

0956 

0926 

0896 

0867 

0837 

0808 

0779 

0750 

0722 

0693  0665 

26 

27 

09S6 

0956 

0926 

0896 

0866 

0837  0808 

0779 

0750 

072  X 

0693 

0665 

27 

28 

0985 

095  s 

0925 

0895 

0866 

0836 

0807 

0778 

0750 

0721 

0693 

0664 

28 

29 

0985 

0955 

0925 

0895 

0865 

0836 

0807 

0778 

0749 

0720 

0692 
0692 

0664 

29 

30 

0984 

0954 

0924 

0894 

0865 

0835 

o8r6 

0777 

0749 

0720 

0663 

3(» 

31 

C984 

0954 

0924 

0894 

0864 

0835 

0806 

0777 

0748 

0720 

0691 

0663 

31 

32 

0983 

0953 

0923 

0893 

0864 

0834 

0805 

0776 

0748 

07x9 

069  X 

0662 

32 

33 

0983 

0953 

0923 

0893 

0863 

0834 

0805 

0776 

0747 

0719 

0690 

0662 

33 

34 

0982 

0952 

0922 

0892 

0863 

0833 

0804 

0775 

0747 

0718 

0690 

0662 

34 

35 

0982 

0952 

0922 

0892 

0862 

0833 

0804 

0775 

0746 

0718 

0689 

066  X 

35 

V\l^ 

0981 

0951 

0921 

089X  0862 

0833 

0803 

0774 

0746 

0717 

0689 

066  X 

36 

37 

0981 

0951 

0921 

0891 

0861 

0832 

0803 

0774 

0745 

0717 

0688 

066c 

37 

38 

0980 

0950 

0920 

089c 

0861 

0832 

0802 

0773 

0745 

0716 

0688 

0660 

38 

39 
40 

0980 

0950 

0920 

0890 

0860 
0860 

0831 

0802 

0773 

0744 

07x6 

0687 

0659 

39 

0979 

0949 

0919 

0889 

0831 

0801 

0773 

0744 

0715 

0687 

0659 

40 

41 

0979 

0949 

0919 

0889 

0859 

0830 

0801 

0772 

0743 

0715 

0686 

0658 

41 

42 

0978 

0948 

0918 

0888 

0859 

0830 

0801 

0772 

0743 

0714 

0686 

0658 

42 

43 

0978 

0948 

0918 

0888 

0858 

0829 

0800 

0771 

0742 

07x4 

0685 

0657 

43 

44 

0977 

0947 

0917 

0887 

0858 

0829 

0800 

0771 

074* 

0713 

0685 

0657 

44 

45 

0977 

0947 

0917 

0887 

0857 

0828 

0799 

0770 

0741 

07x3 

0685 

0656 

45 

46 

0976 

0946 

0916 

0886 

0857 

o8z8 

0799 

0770 

0741 

07x2 

0684 

0656 

46 

47 

0976 

0946 

0916 

0886 

0856 

0827 

0798 

0769 

0740 

07x2 

0684 

0655 

47 

48 

0975 

0945 

0915 

0885 

0856 

0827 

0798 

0769 

0740 

07x1 

0683 

0655 

48 

•49 

C975 

0945 

0915 

0885 

0855 

0826 

0797 

0768 
0768 

0739 

07 1 1 

0683 

0655 

49 

50 

0974 

0944 

0914 

0884 

0855 

0826  1  0797 

0739 

07 1 1 

0682 

0654 

50 

61 

0974 

0944 

0914 

0884 

0855 

0825  0796 

0767 

0739 

07x0 

0682 

0654 

51 

52 

0973 

0943 

0913 

0883 

0854 

0825  0796 

0767 

0738 

0710 

068  X 

0653 

52 

53 

0973 

0943 

0913 

0883 

0854 

0824 

0795 

0766 

0738 

0709 

0681 

0653 

53 

54 

0972 

0942 

0912 

0882 

0853 

0824 

0795 

0766 

0737 

0709 

0680 

0652 

54 

55 

0972 

094a 

09x2 

0S82 

0853 

0823 

0794 

0765 

0737 

0708 

0680 

0652 

55 

56 

0971 

0941 

09x1 

0881 

C852 

0823  i  0794 

0765 

0736 

0708  0679 

0651 

56 

57 

0971 

0941 

09x1 

0881 

0852 

0822 

0793 

0764 

0736 

0707 

0679 

0651 

67 

68 

0970  •  0940 

0910 

0880 

0851 

0822 

0793 

0764 

0735 

0707 

0678 

0650 

58 

59 

0970  0940 

091C 

c88o 

0851 

0821 

0792 

0763 

0735 

0706 

0678 

0650 

59 

60 

0969  0939 

0909  1 0880 

0850  0821 

0792 ,  0763 

0734 

0706 

0678 

0649 

60 

876 


TABLE  74 


PROPORTIONAL  liOOARITHMS 

sec. 

h   m 

2°  35' 

b   m 

b   tn 

2°37' 

2*^38^ 

h  m 

2°39' 

h   m 

2«'40' 

h   m 

2^41' 

h   m 

2°42' 

2^4^ 

h  m 

2^44' 

h    Ol 

2°  46' 

2°  41? 

MC. 

// 

0 
I 
2 
3 
4 
5 
0 

7 

8 
9 

10 
11 
12 
13 
14 
15 
16 

17 

18 
19 

0649 
0649 
0648 
0648 
0648 
0647 
0647 
0646 
0646 
0645 

0621 
0621 
0621 
0620 
0620 
0619 
0619 

0618 
0618 
0617 

0594 

0593 

0593 
0592 

0592 

0591 

0591 

0590 

0590 

0590 

0566 
0566 
OS65 
0565 
0564 
0564 
0563 
0563 
0562 
0562 

0562 
0561 
0561 
0560 
0560 

0559 

0559 
0558 

0558 
0557 

0539 

0538 

0538 

0537 

0537 
0536 

0536 

0S36 

0535 

053s 

0512 
0511 
0511 
0510 
0510 
0509 
0509 
0508 
0508 
0507 

0484 
0484 
0484 
0483 

0483 
0482 
0482 
0481 
0481 
0480 

0458 

0457 

0457 
0456 

0456 

0455 

0455 
0454 

0454 

0454 

0431 
0430 
0430 
0430 
0429 
0429 
0428 
0428 
0427 
0427 

0404 

0404 

0403 
0403 

0402 
0402 
0402 
0401 
C40I 
0400 

0378 
0377 
0377 
0377 
0376 
0376 

0375 
0375 

0374 
0374 

0352 
0351 

o35« 

0350 

0350 
0349 

0349 
0349 

0348 

0348 

0 

1 
2 
3 
4 
5 
6 

7 

8 
9 

0645 
0644 
0644 
0643 
0643 
0642 
0642 
0641 
0641 
0641 

0617 
0616 
0616 
0615 
0615 
0615 
0614 
0614 
0613 
0613 

0612 
0612 
061 1 
0611 
0610 
0610 
0609 
0609 
0608 
0608 

0589 
0589 
0588 
0588 
0587 
0587 
0586 
0586 
0585 
0585 

0584 
0584 
0584 
0583 
0583 
0582 
0582 
os8i 
0581 
0580 

0534 

0534 
0533 

0533 

0532 

0532 

0531 

0531 

053» 
0530 

0507 
0507 
0506 
0506 
0505 
0505 
0504 
0504 
0503 
0503 

0502 
0502 
0502 
0501 
0501 
0500 
0500 
0499 
0499 
0498 

0480 
0479 
0479 
0479 
0478 
0478 

0477 
0477 

0476 

0476 

0453 

0453 
0452 

0452 

0451 

0451 

0450 

0450 

0450 

0449 

0426 
0426 
0426 
0425 
0425 
0424 
0424 
0423 
0423 
0422 

0400 

0399 
0399 
0399 
0398 
0398 
0397 
0397 

0396 

0396 

0373 
0373 

0373 

0372 

0372 

0371 
0371 

0370 

0370 

0370 

0347 

0347 
0346 

0346 

0346 

0345 

0345 
0344 

0344 

0343 

0343 
0342 

0342 

0342 

0341 

0341 

0340 

0340 

0339 
0339 

10 
11 
12 
13 
14 
15 
16 

17 
18 

19 

20 
21 
22 
23 
24 
25 
20 

27 
28 
29 

0640 
0640 
0639 
0639 
0638 
0638 
0637 
0637 
0636 
0636 

0557 
0557 
OS56 
0556 

0555 
0555 
0554 
0554 
0553 
0553 

0530 
0529 
0529 
0528 
0528 
0527 
0527 
0526 
0526 
0526 

0475 

0475 

0475 
0474 

0474 
0473 

0473 
0472 

0472 

0471 

0449 
0448 
0448 
0447 

0447 
0446 
Q446 
0446 
0445 
0445 

0422 
0422 
0421 
0421 
0420 
0420 
0419 
0419 
0418 
0418 

0395 
0395 
0395 
0394 

0394 
0393 

0393 
0392 

0392 

0391 

0369 
0369 
0368 
0368 
0367 
0367 
0366 
0366 
0366 
0365 

20 
21 
22 
23 
24 
25 
26 

27 
28 
29 

30 
31 
32 
33 
34 
35 
36 

37 
38 
39 

0635 
0635 
0634 
0634 
0634 
0633 
0633 
0632 
0632 
0631 

0631 
0630 
0630 
0629 
0629 
0628 
0628 
0627 
0627 
0627 

0608 
0607 
0607 
0606 
0606 
0605 
0605 
0604 
0604 
0603 

0580 
0579 
0579 
0579 
05-8 
0578 

0577 

0577 
0576 
0576 

0575 

0575 

0574 

0574 
0573 

0573 

0573 
0572 

0572 
0571 

0552 
o5<;2 
0551 
0551 
0551 
0550 
0550 
0549 
0549 
0548 

0548 

0547 
0547 
0546 

0546 
0546 

054s 

0545 
0544 

0544 

0543 

0543 
0542 

054s 

0541 
0541 

0541 

0540 

0540 

0539 
0539 

0525 
0525 
0524 
0524 
0523 
0523 
0522 
0522 
0521 
0521 

0498 
0497 
0497 
0497 
0496 
0496 
0495 
0495 
0494 
0494 

0471 

047 1 

0470 

04701 

0469 

0469 

0468 

0468 

0467 

0467 

0444 
0444 

C443 

•443 
0442 

0442 

0442 

0441 

0441 

0440 

0418 
C417 

C417 
0416 
0416 
0415 
0415 
0414 
0414 
0414 

0391 
C39I 
0390 
0390 
0389 
0389 
0388 
0388 
0388 
0387 

0365 
C364 
0364 
0363 
0363 
0363 
0362 
0362 
0361 
0361 

0339 
0338 
0338 
0337 
0337 
0336 
0336 
0336 
0335 
0335 

30 
31 
32 
33 
34 
35 
36 

37 

38 

39 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

0603 
0602 
0602 
0602 
0601 
c6oi 
0600 
0600 
0599 
0599 

0521 
0520 
0520 
0519 
0519 
0518 
0518 
0517 
0517 
0516 

0493 
0493 
0493 
0492 
0492 
0491 
C491 
0490 
0490 
0489 

0466 
0466 
0466 
0465 
0465 
0464 
0464 
0463 
0463 
0462 

0440 
0439 
0439 
0438 
0438 
0438 

0437 

0437 
0436 

0436 

0413 
0413 
04x2 
0412 
0411 
041 1 
0410 
0410 
0410 
0409 

0387 

0386 
0386 

0385 
0385 

0384 
0384 
0384 

0383 
0383 

0360 
0360 

0359 
0359 

0359 

0358 

0358 

0357 
0357 
0356 

0334 

0334 

0333 

0333 
0332 

0332 

0332 

0331 

0331 

0330 

40 
41 
42 
43 
44 
45 
46 

47 

48 

49 

50 
51 
52 
53 
54 
55 
56 

67 
58 
69 
60 

50 
51 
52 
53 
54 
55 
50 

57 
58 
59 

m 

0626 
0626 
0625 
0625 
0624 
0624 
0623 
0623 
0622 
0622 
0621 

0598 
0598 

0597 
0597 
0596 
0596 
0596 

0595 

0595 
0594 

0594 

0571 
0570 
0570 
0569 
0569 
0568 
0568 
0568 

0567 
0567 
0566 

0516 
0516 
0515 
0515 

0514 
0514 
0513 

o5«3 
0512 

0512 

0512 

0489 
0489 
0488 
0488 
0487 
0487 
0486 
0486 
0485 
0485 
C4ti4 

0462 
0462 
0461 
0461 
0460 
0460 
0459 
0459 
0458 
0458 
0458 

0435 

0435 
0434 

0434 

0434 

0433 

0433 
0432 

0432 

043 « 
0431 

0409 
0408 
0408 
0407 
0407 
0406 
0406 
0406 
0405 
0405 
0404 

0382 
0382 
0381 
0381 
0381 
0380 
0380 

0379 
0379 
0378 
0378 

0356 
0356 

0355 

0355 

0354 

0354 

0353 
0353 

0352 

0352 

0352 

0330 
0329 
0329 
0329 
0328 
0328 
0327 
0327 
0326 
0326 
0326 
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PROPORTIONAL  LOGARITHMS 

■ec. 

h   m 

h   m 

h   m 

h   m 

h   m 

h   u 

h   m 

h   m 

h   n 

h   in 

h   m 

h   m  h   ml 

sec. 

tt 

2°  47' 

2^48' 

2^49' 

2^60' 

2^51' 

2°  52' 

2**  53' 

2*54' 

2°  55' 

2*»56' 

2°  57': 

2°  68'  ! 

2*^69' 

n 

0 

0326 

0300 

0274 

0248 

0223 

0197 

0x72 

0x47 

0122 

OC98 

C073 

0049 

0024 

0 

1 

0325 

0299 

0273 

0248 

0222 

0197 

0172 

0147 

0122 

0097 

0073 

0048 

0024 

1 

2 

0325 

0299 

0273 

0247 

0222 

0x97 

0x71 

0146 

0121 

0097 

0072 

0048 

0023 

2 

3 

0324 

0298 

0273 

0247 

022  X 

0x96 

0x71 

0146 

0121 

0096 

0072 

0047 

0023 

3 

4 

0324 

0298 

0272 

0246 

0221 

0x96 

0X7X 

0x46 

0121 

0096 

0071 

0047 

0023 

4 

5 

0323 

0297 

0272 

0246 

0221 

0x95 

0x70 

0x45 

0x20 

0096 

0071 

0046 

0022 

5 

(> 

0323 

0297 

0271 

0246 

0220 

0195 

0x70 

o.HS 

0x20 

0095 

007  X 

0046 

0022 

6 

7 

0322 

0297 

0271 

0245 

0220 

0194 

0x69 

0x44 

0x19 

0095 

0070 

0046 

002  X 

7 

8 

0322 

0296 

0270 

0245 

0219 

0x94 

0169 

0144 

0x19 

0094 

0070 

0045 

002  X 

8 

9 

0322 

0296 

0270 

0244 

0219 

0x94 

0x69 

OH3 

0x19 

0094 

0069 

0045 

002  X 

9 

10 

0321 

0295 

0270 

0244 

02x8 

0x93 

0x68 

0143 

0x18 

0093 

0069 

0044 

0020 

10 

11 

0321 

0295 

0269 

0244 

02x8 

0x93 

0x68 

0x43 

0x18 

0093 

0068 

0044 

0020 

11 

12 

0320 

0294 

0269 

0243 

02J8 

0x92 

0167 

0142 

01x7 

0093 

0068 

0044 

0019 

12 

13 

0320 

0294 

0268 

0243 

0217 

0x92 

0167 

0x42 

0XX7 

0092 

0068 

0043 

00x9 

13 

14 

0319 

0294 

0268 

0242 

02x7 

0192 

0x66 

0141 

01x7 

0092 

0067 

0043 

00x8 

14 

15 

0319 

0293 

0267 

0242 

02x6 

0X9X 

0166 

0X4X 

oxx6 

OC^f 

0067 

0042 

0018 

16 

16 

0319 

0293 

0267 

024  X 

0216 

0x91 

0x66 

0X4X 

oxx6 

009  X 

0066 

OC42 

00x8 

16 

17 

03x8 

0292 

0267 

024  X 

02x6 

0x90 

0x65 

0140 

0XX5  0091 

0066 

0042 

00x7 

17 

18 

03x8 

0292 

0266 

024X 

02x5 

0190 

0x65 

0140 

0115 

0090 

0066 

004  X 

0017 

18 

19 

0317 

0291 

0266 

0240 

0215 

0189 

0x64 

0139 

ox  14 

0090 

0065 

004  X 

0016 

19 

20 

0317 

0291 

0265 

0240 

02x4 

0189 

0164 

0139 

0XX4 

0089 

0065 

0040 

COI6 

20 

21 

0316 

0291 

0265 

0239 

02x4 

0x89 

0163 

0139 

01 14 

0089 

0064 

0040 

0016 

21 

22 

0316 

0290 

0264 

0239 

02x3 

0x88 

0163 

0138 

0113 

0089 

0064 

0040 

0015 

22 

23 

0316 

0290 

0264 

0238 

02x3 

0188 

0x63 

0x38 

0113 

0088 

0064 

0039 

00x5 

23 

. 

24 

0315 

0289 

0264 

0238 

02x3 

0187 

0x62 

0x37 

OXX2 

0088 

0063 

0039 

00x5 

24 

25 

0315 

C289 

0263 

0238 

0212 

0187 

0162 

0x37 

OII2 

0087 

0063 

0038 

00x4 

26 

26 

0314 

0288 

0263 

0237 

0212 

0186 

0x61 

0x36 

0x12 

0087 

0062 

0038 

0014 

26 

27 

0314 

0288 

0262 

0237 

021 X 

0x86 

oi6x 

0x36 

OIXX 

0087 

0062 

0038 

00x3 

27 

28 

0313 

0288 

0262 

0236 

02IX 

0186 

ox6x 

0x36 

OIIX 

0086 

0062 

0037 

0013 

28 

29 

0313 

0287 

0261 

0236 

0210 

0x85 

0160 

0x35 

oxxo 

0086 

0061 

0037 

0012 

29 

30 

0313 

0287 

0261 

0235 

02X0 

0x85 

0160 

013s 

0x10 

0085 

Go6x 

0036 

0012 

30 

31 

0312 

0286 

026  X 

023  s 

0210 

0x84 

0159 

o«34 

oxxo 

0085 

0060 

0036 

00x2 

31 

32 

03x2 

0286 

0260 

02SS 

0209 

0184 

0x59 

0x34 

0109 

0084 

0060 

0035 

coxx 

32 

33 

03x1 

0285 

0260 

0234 

0209 

0184 

0158 

0134 

0x09 

0084 

oc6o 

0035 

OOII 

33 

34 

03  XX 

0285 

0259 

0234 

0208 

0183 

0x58 

0x33 

0x08 

0084 

0059 

0035 

0010 

34 

35 

0310 

0285 

0259 

0233 

0208 

0183 

0x58 

0133 

0108 

0083 

0059 

0034 

0010 

35 

36 

03x0 

0284 

0258 

0233 

0208 

0182 

0157 

0x32 

0x07 

0083 

0058 

0034 

00x0 

36 

37 

0310 

0284 

0258 

0232 

0207  0182 

0157 

0132 

0x07 

0082 

0058 

0033 

0009 

37 

38 

0309 

0283 

0258 

0232 

0207 

ox8x 

0156 

0131 

0x07 

0082 

0057 

0033 

0009 

38 

39 

0309 

0283 

0257 

0232 

0206 

0181 

0x56 

0X3X 

0x06 

0082 

0057 

0033 

0008 

39 

40 

0308 

0282 

0257 

0231 

0206 

0181 

0x56 

0X3X 

0106 

008  X 

0057 

0032 

0008 

40 

41 

0308 

0282 

0256 

0231 

0205 

0180 

0x55 

0x30 

0105 

008  X 

0056 

0032 

0008 

41 

42 

0307 

0282 

0256 

0230 

0205 

0x80 

0x55 

0x30 

0x05 

0080 

0056 

003  X 

0007 

42 

43 

0307 

0281 

0255 

0230 

0205 

0x79 

o>54 

0x29 

0105 

0080 

0055 

0031 

OC07 

43 

44 

0306 

0281 

0255 

0230 

0204 

0179 

0154 

0x29 

0x04 

0080 

0055 

003  X 

0006 

44 

45 

0306 

0280 

0255 

0229 

0204 

0x79 

0153 

0129 

0x04 

C079 

005s 

0030 

OC06 

45 

46 

0306 

0280 

0254 

0229 

0203 

0178 

0x53 

0x28 

0x03 

0079 

0054 

0030 

0006 

46 

47 

0305 

0279 

0254 

0228 

0203 

0178 

0153 

0128 

0103 

0078 

0054 

0029 

0005 

47 

48 

0305 

0279 

0253 

0228 

0202 

0177 

0152 

0x27 

0x03 

0078 

0053 

0029 

0005 

48 

49 
50 

0304 

0279 

0253 

0227 

0202 

0177 

0x52 

0127 

0102 

0077 

0053 

C029 

0004 

49 

0304 

0278 

0252 

0227 

0202 

0x76 

0x51 

0126 

0x02 

C077 

C053 

0028 

0004 

50 

51 

0304 

0278 

0252 

0227 

020  X 

0176 

0x51 

0126 

OIOX 

0077 

0652 

0028 

C004 

61 

52 

0303 

0277 

0252 

0226 

020  X 

0x76 

0x51 

0x26 

OXOX 

0076 

0052 

0027 

0003 

62 

53 

0303 

0277 

0251 

0226 

0200 

0x75 

0150 

0125 

0x00 

0076 

C05X 

C027 

C003 

53 

54 

0302 

0276 

025  X 

0225 

0200 

0175 

0x50] c 125 

0100 

0075 

005X 

0027 

0002 

64 

55 

0302 

0276 

0250 

0225 

02C0 

0174 

0149 

0124 

OIOO 

0075 

0051 

0026 

0002 

55 

56 

0301 

0276 

0250 

0224 

0199 

0x74 

0x49 

0124 

0099 

0075 

0050 

0026 

0002 

56 

57 

0301 

0275 

0250 

0224 

0X99 

0174 

0148 

0124 

0099 

0074 

0050 

0025 

ooox 

57 

58 

0300 

0275 

0249 

0224 

0X98 

C173 

0148 

0123 

0098 

0074 

OC49 

0025 

coox 

58 

|M 

0300 

0274 

0249 

0223 

0x98 

0173 

0x48 

0x23 

0098 

0073 

0049 

0025 

0000 

59 

L!L 

0300  0274 

0248 

0223 

0197 

0x72 

0x47 

0x22 

0098  {0073 

0049 

0024 

coco 

60 

INDEX  TO  THE  MARITIME  POSITIONS. 


The  tint  Agarw  dsnota  the  Colnmn  In  Table  10.  The  leeoiMl  flgure  (in  a  difltarent  ohaiMlw)  doiotee  the  lit,Sd,  M,  vr 
4th  division  of  the  Column,  each  oolumn  being  divided,  fi>r  the  purpooe  of  refiunenoe  from  tbie  Index,  into  four  e«iai 
parte  by  three  short  strokes.  Thus  Aalborg  will  be  Ibond  in  the  first  dlviskm  of  colnmn  (12);  Ot.  Abaoou  L  la 
the  Iburth  division  of  colnmn  (126). 


Aalbobo  12 

Aaoton    .       .  1A8 

Atfhus    ...  12 

Abacoo,  Ot.,  I.  126 

Abb's,  St.,  Hd.  7 

Abbeville  18 

ibbott  Mt.      .  99 

Abd'IKoory    .  60 

Ai>erdeen  6 

—       I.    .  116 

Abervrach  19 

Aberystwith   .  3 

Abgarris  Is.    .  165 

Abtngdun  I.     .  169 

Abo  13 

Aboukir  38 


AbreqJoePt. 

148 

Abrolbos 

139 

Aboia  Pt 
Acijutla 

39 

147 

Aci4>nico 

147 

Acasta  Rk.     . 

67 

Accra 

44 

Aeben  Hd. 

63 
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Bailique  I. 

1J7  4 

Barbe,8t. 

664 

Bassin  d'Arehao 

.  30  4 

BajoGallardo. 

130  X 

Bastia     . 

»4 

Balo  Nayidad 
BajoliC. 

137  4 

Barbuda 

131  I 

BatL      . 

167  t 

S44 

Barbukit  UtU 

62  3 

Batacarang  Pt. 

66  1 

Bakari  Pt.      . 

31  X 

Barburet  I.     . 

134  X 

BatsgL  . 

78  4 

Baker  Pt.       . 

160  1 

Barcelona 

23  X 

—    I. 

170  X 

Barclay  C. 

115  3 

Batant. 

77  3 

Baker's  I. 

—    deToUyl 

[.154  4 

BatangPort   . 

79  3 

Maine,  T7.S. 

133  X 

Bard  Hd. 

64 

Mass..  U.S. 

134  I 

Bardia,  Pulo  . 

674 

Batangan  C.   . 

70  t 

Bal&bac  I. 

76  X 

Bardsey  I. 

3  X 

Batangas 

78  3 

Balahalak 

91  X 

Bareed7  C.     . 
Barellah,  Pulo 

53  X 

66  X 

BataTananl.  . 
B«tavano 

78  1 
13H  I 

Balade  Harb.  . 

163  X 

Barfleur  C.     . 

18  4 

Batarla   . 

8«  X 

—          p.  878, 1.  6 

Bart 

S84 

Batcbian 

90  i 

Balagonan  pt. 

80  X 

BarimaPt.     . 

137  I 

Bate 

5    1 

Balambangan  I 
Balaaorc  R.     . 

.    75  I 

Baring  Is. 

173  1 

60  3 

—      Shis.   . 

101  3 

Bateroan's  HiU 

96  X 

Baibi  Mt. 

165  3 

Barker  Is. 

104  4 

Bathurst  C.     . 

117  X 

Balbriggan      . 

10  X 

BarletU  . 

38  4 

Bathurst  I. 

BaldC    . 

484 

Bann<MaK*btrI.5l  3 

Australia 

101  1 
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'Batiraratl. 

Barronr'sSt.  116 

Batioolo  .  59 

Bfttigui  I.  .    161 

Batoubara  .  160 
Baton 

—  Pegge  .      88 

Batoum  C.      .  85 

Hattanti       . .  91 

Battle  Is.        .  1 19 

Battoo  Ft.  64 

—  BarraR.  66 
Batty  Halve   .  63 

—  Bay  .  116 
Baubelthouap  176 
Daaer  C.  .  94 
BauldC.  .  119 
Buxo  Nuevo 

O.of  Mexico  183 
Pedro  Bank  129 
Bay  of  Good  H.  112 
Bay  of  Islands 

New  Zealand  109 
BayonnaiM  Bk.  159 
Bayonne  20 

Bazarouto  Is. .  47 
Beachey  Pi.  .  117 
BeachyHd.  .  1 
Beacon  Bluff  .    109 

—  I.  .61 
Beagle  Bk.      .    105 

—  Is.        .      94 

—  Rf.  .  96 
Bear  Haven    .       8 

—  I.  .  .17 
Bear  Is. 

Hudson's  B.  119 
N.Asia  .  114 
Beam  C.  •  23 
Beatal.  .  .  130 
Beauchene  I.  .  142 
Beaufort  .  126 
•^       Inlet     125 

—  Is.  .  116 
Beaupri  Is.  .  163 
Beaver- tail  Pt.  124 
Bee  du  Rai  .  19 
Bedford  C.      .    100 

—  New .  124 
Bedoo,  Ras  51 
Bedoat  C.       .      95 

—  I.  .106 
Bedra  I.  .  .24 
Beechey  Pt.  .  166 
Beehive  Mt.    .    169 

--      Rk.    .  73 

Bee%  St.»  lid.  3 

Behague  Pt.    .  137 

BehringC.      .  114 

—  I.  .  114 
Bejaren  I. 

Celebes    .      88 

Gilolo  90 

Bel  Air,  Pt.  of      58 

Belawan         .      81  a 

Belchersp  8.    .  1 19  a 


Belfjist  .  .10 
Bi'lgica,  Fort .  88 
Belgium  .  .  10 
Belize  .  .134 
Belkl.  .  .  80 
Bell  Beacon    .       3 

—  I.     .        .     119 

—  Pt.  .        .94 
Bell  Rk. 

liassFt.    .      95 
SootUud  .        6 

BellacoRk.  .  141 
BellavisUC.  .  25 
—  I.  .  73 
Belle  T.  .  '  !  132 
Belle  Isle 

France     .     20 

I^abrador  .    119 

Bellingshausen  T.  1 56 

Bell  of  QuiUota  144 

Bellonal.        .    105 

BhL    .    101 


Be11ow*8Rk.  .  46 

Beloochistan  .  5-'^ 

Belo  Poulo  I.  .  32 

Belridere  Shis.  65 

Bembatooka  B.  48 

Bjmbridgo  Lt.  1 

Bernini  Is.       .  127 

Benares  8hl.  .  57 

Benass.  Ras    .  5i 
Bench  I.          .107 

Bencoolen       .  64 

Bencoonat       .  64 

Benedicito  I.  .  170 

Bengal     .        .  60 

Bengazi  .        .  38 

Bengnt  C.       .  39 

Benidormel.  .  22 

Benin  R.  44 

Benito,  San.  Is.  148 

Ben  Jawad,  Ras  38 

Ben  More       .  4 
Bennet  C.       .153 

Ben  Nevis       .  4 

Ben  Tttirck    .  4 

Bentinck  I.     .  103 
Bequia  I.         .131 

Berbera          .  51 
Berbice  R.      .137 

Berck  Pt.        .  18 

BeidianskC.  .  35 

Beregis  RfL     .  160 

Berezan  I.       .  34 

Berg  R.           .  46 
Bergen 

Norway    .  16 

Prussia     .  12 
Beiigen 

—  op  Zoom  1 1 
Bermudu  .  41 
BemardlnB.  .  107 

—         C.  107 
Bernardino,  St.  I.  78 

Bernardo  Is.   .  157 

—  San,  Is.  135 
Bemera  I.  .  5 
BemierC.      .  104 

^       I.        .92 

Bemouiiu'c.  !  96 

Berry  Hd.       .  2 

—  Is.  .  127 
Bertier  Rk.  .  158 
Bertrandl.  .  1 68 
Berwick  .  .  7 
Beeukl  .  84 
Betra*par  55 
Beveridge  Rf.  158 
Beware  Pt.  .145 
BezleyO.  .  117 
Bianco  C. 

Africa      .  39 

Cyprus     .  38 

Ionian  Is.  30 

Sicily        .  27 

Bickerton  I.    .  103 

Bideford          .  2 

Bldston  Lt.      .  3 
Bieloi      .       .115 

BielosandC.  .  85 

Bigali  I.          .  174 

Bigar  Is.          .  172 

Bight  of  Benin  44 

—  Biafira  44 
Bighude  Pt.  .  41 
Bijouga  Is.  .  43 
BOoutier  I.  .  56 
Bilbao  .  .  20 
Biliran  .  .  79 
Billingsgate  I.  124 
Billiton  .  .  65 
niilool,  Ras  .  51 
Bills  Rk.  .  9 
Bima  .  ,  86 
Bingham  Pt.  .  161 
Bintang  Hill  .  62 
Biorko  .  .13 
Bir,  Ras  .  51 
Birch  Pt.  .  121 
Birdl. 

BandaSea  88 

Valklaodls.  141 


Birdl. 

Ladrones  172  I 
LowArchip.165  ) 
New  Guinea  91  4 
Sandwich  Is.  171  i 
Seychelle  57  i 
W.  Afr.  .  42  4 
Bird  Is. 

Australia      100  3 
£.  Africa        46  4 
Magdalen  Is.  121  4 
Bimie  I.  .    157  3 

Biscayens  Hook  17  2 
Uiscayno  Cay  126  3 
Biaceglia  .  2H  4 
Biscoe  Is.  .  142  I 
Bishop  I. 

N.  Pacific  171  4 
S.  Pacidc  162  z 
Bishop,  S.  Rk.  3  i 
Bishop  &  Clerk  153  t 
Bisaao  .  .  43  l 
Bival.     .        .    161  3 

« 

Bjomeborg  •  .  13  4 

Bjuroklubb     .  14  z 

Black  Comb  .  3  4 
Black  Hd. 

Baffin's  B.      115  4 
Eng.  .       2  a 

Irel.  .    9  1,4 

New  Zealand  108 

Black  Pagoda       60 
Bla'^k  rt. 

S.  Atlantic     46 

Black  Pyramid     95 
Black  R.         .134 

—  Rf.  .97 
Black  Rk. 

Eng.   .        .        8 

Ire.     .  9 

MergniArdi.  61 

NewBrunsw.  123 

Black  Rks.     .    101 

Blackrock  B.  .      74 

Black  Sea  34 

Blackman  Ft.      »7 

Blackman'sBlaff  134 

Blackwood  Ft.      02 

Blair  Harb.    .      67 

Blaise,  St.  C. .      46 

BlancIieHr.   .    166 

Blanco  C. 

AArica  42 

Asia  M.  .  35 
Guatemala  147 
Majorca  .  24 
Patagonia  140 
Peru  .  146 
Spain  .  21 
Syria  .  37 
N.  AMca  42 
Blanco  Pk.  .  136 
Blanco  Pt. 

Guatemala    135 

Peru         .    145 

BlanguilUI.   .    136 

Blankenberg  Lt.    i  1 

Bias,  St.,  C.    .    132 

—  San         .     148 

—  San  Pt.  .  135 
Blaze  Mt.        .    106 

—  Pt.  .  104 
Bledaz  Is.  .  24 
Blenhrim  Rf.  67 
Blewfields  .  135 
Bligan  C.  .114 
Bligh  I.  .  .  164 
BUgh's  Cap  .  68 

—  Entrance  102 

—  Lagoon  1. 154 
Block  I.  .  .12.') 
Blockhouse  I.  10 
Blomoe  I.  .  16 
Blonde  Rk.  .  122 
Bloobarra  Pt. .  43  4 
Bloody  FarlandH.  93 
BloMeviUeL  .    168  % 


Bluff  Ft.. 
Biyth 
Board  I.  • 
Boat  Extreme 
Boat  Rk. 
Boca  del  Toro 
Bock  Ft. 
Boddaro  I. 
Bodega  C- 
Boele  Comba 
Boga  shu    C. 
Boggy's  Pk. 
Bogoslov  I. 
Bogskar  . 
Bohol  I.  . 
Boidi 
Boileau  C. 
Bqjador  C. 
Bolbones  Mt. 
Bold  Hd. 
Bolhessoo  I. 


87 
7 

106 

117 
72 

135 
46 
57 

149 
84 
53 

\'Al 

152 
13 
79 
83 

106 
42 

149 

106 
61 


Bolingbroke  Pt.  94 

BoUvar  Ft.      .  132 

Bolongo  I.       .  60 

Bolsheretsky  .  114 

Bolt  Hd.  .        .  2 

Bolus  Hd.        .  8 

Bom  Abrigo   .  189 

Bomba    .        .  88 

Bombay  .       •  66 

—  Hook  126 

—  8hl.  .  71 


Bomige  Is. 

Bommelde 

BompasPt. 

Bon  C.    . 

Bona 

Bonab^   . 

Bonaocal. 


81 

16 

139 

88 

39 

173 

134 


Bonaventure  I.  121 
Bonaviata  .  41 
—  a  .  120 
Bond  Rf^.  .  163 
Bonden  .  .  14 
BongolaAnchge.  80 
Boni  .  .  84 
—  L  .  .91 
Bontfado  .  26 
Bonin  Is.  .171 
Bonny  R.  .  44 
Bonoa  .     88 

BonpUuidPt.  .  168 
Bontekoe  .  1 16 
Bonthian  Sit  .  84 
Bonvet's  I.  .  141 
Bonvouloir  Is.  167 
Boo  Is.  .  .  89 
Boobooan  •  81 
Booby  I.  .102 

—  8hL  .  101 
Boolanhow  HUl  76 
Booleelooyaa  Pt.  75 
Boompjea  •  86 
Boon  I. 

Maine^U.S.  123 

BootRf.  &L  .  102 

Boothia  G.  .  116 

Bora  bora  L  .  156 

Borcum  Lt.  .  11 

Borda  C.  .  105 

Bordeaux  .  20 

Bordelalsel.  .  173 

Boreel  C.  .  107 

BorlaseWarr.C.116 
Borneo  City    .      74 

—  Shi.     .      49 

—  Coralls.  68 
Bomholm  .  15 
Borodino  Is.  .  171 
Bosbouroun  C.  84 
Boscawen  I.  .  168 
Bosphorus  34 

—  Eastern  113 
Bossut  C.  .  106 
Bostaaeh,  Baa     64 


134  1 


~      li.        .  172  4 

Botany  B        .  98  I 

—  I.  .  163  t 
Botel  Tobago  77  4 

—  Lit.  77  3 
Bothnia  G.  .  1 3  4 
Botte  .  .  26  4 
Bottle  I.  .  .  143  3 
Bottomless  Pit  48  4 

Bouc,  Port  de  23  3 

Boucher  I.      .  163  i 

Boudeufio  I. 

Admirautels.  56  x 

8.  Pacific  .  167  X 

Boudroom       .  36  4 

Bougainville  C. 

Australia  104  3 
Van  Diem.  L.  97  I 

Bougainville  I.  165  3 

—  Mt.  168  3 

—  ShL102  I 

Bonka  I.         .  166  3 

Boulanga  I.     .  160  x 

Boulang  Puh> .  91  % 

Bonldyr  I.       .  152  3 

Boulogne        .  18  i 
Boung  Qniona  O.  70  ) 

• 

Bountiftills.  .  103  t 

Bounty  Is.      •  163  3 

Bourbon  I.        .  68  i 

Bourgas  .        .  84  a 
Booro  I. 

Banda  Sea  88  4 

Sumatra  .  68  x 
Bouton  Is. 

Celebes    .  83  4 

Malacca  St.  69  i 

Bouvard  C.     .  93  i 

Bouvet'sl.      •  68  i 

Bow  I.      .  164  4 

Bowditch  L    .  167  X 
Bowen  C. 

Australia  100  t 

Baffin's  B.  117  4 
Bowen,  Port 

Australia  98  4 

Baffin's  B.  117  3 

Bowen  Rks.    .  121  i 

Bowling  Green  C.  99  x 

BoyannaB.     .  48  4 

Brabant  C.     .  68  i 

Bradore  Hills  190  4 

Braganza  Shi.  137  4 

Brahestad       .  14  I 

BralaPulo      .  67  3 

BramaPt.       .  168  3 

Bramble  Cay  .  102  x 

—  Rks.  103  4 
Bramo  I.  .  14  x 
Brams  Ft.  .  137  X 
Branca  .  .  41  x 
Branco  C.       .  138  3 

Brandy  Rks.   .  120  x 
Brandy  wine  Shi.  125  x 

Brant  Pt.        .  124  3 

Bras,  St.,  C.    .  45  3 

Brasse  Fulo    .  63  X 
Brava 

C.Verdls.  41  4 

E.  Africa  50  4 

Bravo  del  Norte  132  4 

BracU              .  138  x 

—  Rk.  .  122  4 
Brazza  L  .  30  l 
Bray  Hd.  .  8  4 
Breaker  Pt.    .  71  4 

Breakseal.     .  106  4 

—  Spit  98  3 
BrebesPt.  .  91  3 
Brekat  Pt.  .  66  a 
Bremen  .  •  11  | 
Bremer  Lt.     .  11  t 

—      Mt.    .  100  3 

3l 
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Breiooo,  Fort  39 

Brest       •        .  19 

Brett  C.         .  109 

Brewster  0.    .  116 

Bridgenum  I. .  141 

Bridgetown     .  131 

BridgewAtor   .  3 

—           C.  96 
~           Rf.  1G6 

Bridlington     .  7 

Bridport  .  1 
Brielle     .       .11 

Briduc  St.      .  19 

BrigRk.          .  123 

Brighton         .  1 

Brill  Shi.         .  86 

Brillanto  Shi.  162 

Brindisi           .  38 

Bringen  Palo  64 

Brisbane  R.  .  98 
Bristol 

England  .  3 

Rhode  I.  .  124 

Bristol  B.        .  162 

—  I.  .  141 
Bristow  I.       .  93 

—  Rk.  .  168 
Britannia 

—  Rk.  46 

—  a  .  116 
Briti  h  Bound  49 
Britto  Sill.      .  68 

BroerRaytO.  116 
BrogdenPt.    .    lOS 

Broken  Is.  .  166 
Brondolo,  Port  89 
Brother,  W.,  I.  91 
Brothers 

Andamans  62 
BightofBiaf.44 
China  .  73 
China,  E.  73 
China  Sea  68 
E  Afr.  .  61 
Greece  86 

Hainan  .  70 
Hudson's  B.  119 
Macaa.  Strait  83 
MergulArch.63 
New  Oninea  93 
Red  Sea  .  63 
Sumatra  .  66 
Brough  of  Birsa  6 
BroughtonB.      118 

—  I.        118 

—  Rf.     109 

—  Rka.  113 

Brouwers  8hl.  66 

Brown  Mt.      .  94 

~      Pt.       .  94 

—  Shis.  .  70 
Brown's  Range  173 

—  StrsJt  103 
BrownstonHd.  10 
Browse  I.  .105 
Brue  Rk.  .  106 
Brumby  Is.  .103 
Brunai  74 
Bmny  X.  .  96 
Brury  I.  .  6 
BrUBterort  13 
BmzsanoC.  .  38 
Bryer's  I.  .133 
Bryonl.  .  121 
Buachil  I.  4 
Bnealemo  Hd.  144 
Bucaliaae  I.  .  66 
Bucscaneer's  Arc.  1 06 
Bnocleugh  Shi.  91 
Bucbanness    .       6 

Bucklng1ianui.8h.  69 
Buekiand  Mt.  143 
Buddl. 

Feejee  Es.     161 

Moluccas .      91 

BudJonneas    .       6 

Budoa     .       .      SO  2 

Bu0naT«DtimE.149  4 


Boen  Ayre  I.  •  136  £ 

Buenos  Ayrea  140 

BuflUo  I.        .  70 

—  Pk.     .  87 

—  Pt.  .  64 
Bugiaron  C.  .  39 
Bugio  .  83 
BuiaC.   .        .  36 

—    Pt. .        .  161 
Buka  B.  .        .87 

BuIacauiPt.   .  79 

Bulagao  Mt.    .  76 

Bulalagui  Pt.  .  79 

Bull  Rk.          .  8 
Bnllen  C. 

Arctic  Ocean  116 

Bi^tof  Biafra  44 

Builer  C.        .  166 

Bultlgl.  .        .  169 

Bulungan  81 

Bulusan  Vole.  78 

Bonerana       .  9 

Bunga  Pulo     .  63 

Bungelow  I.    .  113 

Bunkers'  Grp.  98 


Bnppan  Bluff.  136 

Burela  C.  .31 

Bnrford  I.  .  104 

Bui*geo  ts.  .  130 

Burgh  Hd.  .  6 

Burias  I.  78 

BurieaPt.  .  147 


Burllngs  • 


31 


Bumey  I.  •  114 
Bumhig  L  .  163 
Burnt  I. 
AraDlan  O.  61 
Tler.delPaegol43 
BuroC  .  91 

Burra  Noas  6 

Burra  Voc  Ness     6 
Barrow  Hd.    .       4 


Burt»Fort 
BninooMt. 
Bush  Cay 
Buaheab  I. 

Bushy  I. 
Bust  I. 
Bttsios  iB. 
Buskar  Lt 


180 
31 

136 
64 

100 
80 

139 
16 


Busto  C.  .      SI 

Bttsvagon  I.  .  76 
BnU  of  Lewis.  6 
Button  I. 

—  Ot.  .      84 
Button  Is. 

MaRiball  Is.  173 

M.  America  118 

Buttons  .     91 

Buyer's  I.       .    166 

Buyuk  Dereh  .      34 

Byam  Martin  I. 

Barrow*s8trt.l16 

Low  Archip.    166 

Byramgore  Rf.  66 
Byron  B.  .  170 
Byron  G. 

Australia  98 
New  Ireland  166 
8  Pacific      164 

CsbaleriaO.  .  84 
Caballo  Pt.  .  91 
Cabedalto,  Fort  188 
Csbelete  I.  77 

Cabeza  de  Bondo  78 
Cabicungan  Pt  77 
Cabinganls.  .  81 
Cable  I.  .  .  107 
Cabossa  L  .  61 
Cabras  I.        .      76 

—  Port  .     40 


Cabrera  T. 

Baleares 

34 

Greece 

31 

Cabroii  C. 

139 

Cabrutee 

66 

Caburlahan 

75 

Caccia  C. 

25 

Cacheo,  Fort 

43 

Cachipour  G. 

137 

Ca(laqu6s 

33 

Cader  idris 

3 

Cadiz      . 

28 

CadmnsL 

164 

Caen 

18 

—    I.    . 

165 

Caemanron 

3 

CafTarelU  I. 

106 

Cagayan  . 

80 

CaldyL  .        .  8 
Calebar,  New,  R.  44 

—       Old  .  44 
Calebasse  Creek  137 

CaledonMt.    .  103 

Calicut    .       .  69 

Calf,  S.  Pt.      .  8 
—    Rk.        .8 

California       .  148 

Calltura          .  69 

Callagoukl.   .  61 

Callao             .  146 

Callohijl  Is.     .  83 

Cairn  Pt.         .  152 

Caloltong  Pt.  .  78 

Caloni     .       .  36 

Calpentyn  69 

Calshot  Lt.     .  1 

Calnsa     .        .  80 

Caltrada  Islet  .  139 
Calyentura  Rks.   61 

Calvert  Is.      .  173 

Calvi               .  36 

CalymerePt.  .  60 

CamanaMt.    .  145 

Camaran  I.     .  63 

Camarat  C.     .  24 

Camaron  C.    .  134 

Cambaj  .  68 

Cambing  I.     .  87 

Cambir,  Pnio .  68 

Cambodia  R.  .  66 

Cambridge  O.  104 

—          I..  143 

Cambyna  I.     .  83 

Camden  Shi.  •  66 

Camel  I.          .  67 

Camel's  Hnmp  44 


Cagayan  Soolools.80 
Cagayanesls.  .  80 
Cagliari  .  .  35 
Caicos  Bk.  .  137 
Caiman  Pt.  .  76 
Caice  Pt.  .81 
Caimcrossl.  .  100 
Cairo  .      38 

Cairoctt  Pt.  .  139 
CaitoB.&  Town  138 
C%{eU  B.  .      88  4 

Calaan  Pt. 
Luzon,  E.  Coast  78  % 


Calaflguera  C.  24  4 

Calais              .  l8  I 

Calamianes  Is.  75  3 

CalamiU  Mt.  .  86  a 

Calangaman  I.  79  4 

CalaTaC.        .  38  1 

Calavite  I.       .  75  3 

—  Mt.&Pt.76A 
Calayau  1.  .  77  « 
CalcanharPt.  188  3 
Calcutta.  .  60  3 
Caldeira  I.  .  47  4 
Caldera>  Port .  80  1 

—  Port.  146  I 

—  Pt.    .  130  I 


Cameron  Mt.  • 


07  1 
44  A 


Camignln  L 

Babuyanes  77 

Philippines  80 

Camfnha         .  31 

Camotes  Is.     .  79 

Campanelia  Pt.  36 

Campbell  C.  .  107 
Campbell  I. 

Caroline  Is.  178 

S.  Pacific  168 

Campbell  Mt.  109 

Campbelton    .  4 

Campeachy     .  183 

Campobello  I.  123 

Campo  Marino  88 

Canipo  Moro  C.  26 

Camranh  Harb.  68 

Cana       .        .  89 

Canalle    .       .  19 

Cananea .        .  139 

Cananore  69 

Canary,  Grand  40 

Canaveral  C.  186 

CandelariaRft.  164 

Candia    .  36 

Candlemas  Is.  141 

Candy  C.        .  83 

Canet  C.         .  88 

Cangr^oPk.  .  134 

Canister,  W.L  61 

Canna  I.  4 

Cannae  Rk.    .  167 

Cannes    .       .  84 
Canning  I.      .116 

Canning's  Rk.  66 

Canola  .       .  147 

Canoas  Pt.      .  136 

Cansado,  Port  48 

Canso  Gttt      .  133 

Cantaros  Mta.  81 

Cantin  C.  43 
Cantire.  Moll  of     4 

Canton    .       .  71 

—  I.        .  78 

—  Pack.  Sh.  89 

—  Pulo  .  70 
CapL 

Martaban  61 

Sumatra  .  63 

CapRk.          .  110 

Capas  Pulo  67 

Cape  Breton  I.  188 

—  Coast  Castle  44 
— •    ColoQy  .  46 

—  Islet       .  77 

—  Verdls..  41 
Capel  Bk.  .  101 
Capo  d'Istria  .  29 
Capones  Pt.  .  76 
Capraia  I.  86 
Caprera  L  85 
Capri  L  .  .  87 
Capricorn  Grp.  98 
Capuein,  Pt.  dn  67 
Capul  I.  .  .79 
Cara,  Pulo  .  67 
Caraballo  HL .  77 
Caracoas  .  136 
Caracoles  Pt. .  147 

Cararoulo  Mt.  81 

Carandagal.  .  75 

Cararang  I.     .  75 

Caratasca  Lag.  134 

Caraumilla  Pt.  144 

Caravel  Rk.    .  131 

Carbon  C.       .  89 

Cardamnm  66 

Cardiff    .        .  9 

Cardigan  L     .  8 

Cardiva  I.       .  66 

Cardon  I.        .  147 

—  Pt.  .  186 
Cardos  Mt.  .  139 
Careening  B.  .  104 

—        I.  .  189 

Carentan        .  18 

Carey's  Is.      .  116 
CsibmIos  Qsn^  67 


CaribanftYt 

Carimata 

Carinxmls. 

Java 

Sumatra 
Carlisle  . 
Carlinglbrd 
CarloX  . 
Carlopago 
Carlos,  St.  B. . 


IJ» 


85 
66 

4 

10 

14 

89 

183 

—  8an,Portl43 
CarbcrDsa  16 
Carishamn  .  16 
CarlshoffL  .  166 
Cariso,  Gt.  .  14 
Carmel  C.  .  37 
Carmen  I. 

G.ofCaUft»r.l48 
Yucatan  .  133 
Cam's  Rf.  .  101 
Camasa  I.  .  79 
CamaUc  SU. .  70 
Camicobar  .  63 
Camom  Pt.  .  67 
Camsore  Pt.  .  10 
Calt>liIu^N.    .    135 

—  8.  .  186 
Caroline  Is. 

N.  Pacific      173 
8.  Pacific      167 
Caronia  ,  98 

Carpentaria  G.  la^ 
CarrL  .  .  161 
CarraasaPt.  .  144 
CarrasooMt.  .  145 
CarreU  Pt.  .  18^ 
Carretas  Hd.  .  146 
Carrickfergos  10 
Cartagena 

New  Granada  185 

Spain  88 

Cartago  Mt.   .    186 

Carteret  C.    .      19 

—  Port      166 

—  ShL  176 
Carthage  C.  .  89 
Carvoeiro  C.  91  4, 88 
CarwarHd.  .  59 
CarysliBrtC.  .    143 

—  I.    .    164 

—  Sf. .  186 
CssamansaR.  48 
Cascades  Pt.  .  106 
Casbe's  Ledga  183 
CaskeU  .  19 
Casma  B.  .  146 
Cassandra  C.  .  83 
Cassidaigne  .  88 
Cassinif.  .  104 
Cassis  .  .  88 
Castagnetto  .  96 
Csstelamare  .  96 
Castelhanos  Pt.  189 
Castellated  Rk.  73 
Castel  Voltimio  96 
Castlglione  .  96 
CasUilaC.  .  184 
CasUUos  Rk.  .  140 
Csstins  .  .  188 
CaaUeL 

Labnukn*  .    180 

New  Zealand  106 

Castle  Pk.  76 

—  Pt.  .106 
Castle  Choeo  .  185 
Castlereagfa  C.  143 
CastletonLt.  .  8 
Castor  &  Poll.  R.  117 
Castries  B.      .118 

—       Port .    181 
Cssuarinal.   .     47 

—  Mt.     104 

—  Pu       98 

—  Ri:  94 
CatL  .  .  188 
Catalana  I.  .  148 
Catallna,  Sta.  L 

Mexico     .    148 

Solomon  Is.  164 

Catandnanes  I.     78 

Catania  .  V 

CstMtroplMC     94 
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Ratul       .  79 

CaUiArinal.  .  173 
CMherina  Rf.  66 
Catherine  U.  .      89 

—  Ft. .  ua 
Catherine,  St.  C.  45 

—  I.  139 

Cato  Bk.  .  101 
Cat4iche  C.  .  1S3 
Cattcw  I.  .169 
Catwyk,  Ot.  .  68 
Caution  C.  .  160 
CaTaliere  C.  .  S7 
CaTallo,Port  .  133 
OaTelU  I.  .  80 
CuTlte  .  .  76 
Cavite,  Ft.  de  79 
CavoU  1.  .      35 

Cawee.  Gt.  1.  .  131 
Cawoor  .  .  64 
Cazine  C.  .  39 
Caxol.   .  86 

Caxo  de  Muert.  1. 1 30 
Cazones  .  .134 
Cayenne .  .137 
Cayeux   .  18 

Caymans  .  128 
Caymitea  .  129 
Cajro  Is.  .        .      43 

—  Blanco   .     128 

—  Romano  138 
Cazzal.  .  30 
Casziola  I.  30 
C«arA  .  138 
Cedar  Cays  .  133 
Cedruel.  .  148 
Cefalu  .  28 
Ceieer  de  Mer      68 

—  Terra  68 
Celebes  .  88 
Centlnel .  ,  136 
Cophalonla  31 
Ceram     .              88 

—  Laut  .  89 
Corigo  I.  .33 
Ccrigotto  I.  .  83 
Cerralbo  I.  .148 
Cerro  Aaul     .    145 

Cerro  del  Hecate  1 33 
Cerroe  1.  .    148 

Cenrera  C.  .  23 
Cesareo,  Port .  38 
Cesenatloo  .  29 
Ce«tos  .      43 

Celte  .  .  S3 
Ceata  .     39 

Ceylon  .  .  59 
Chabrol  I.  .  168 
Chacachacare  L  137 
Chacon  C.  .  151 
Ciiagoa,  Gt.  Bk.  57 
Chagre  .  .  135 
Chain  I.  .  .  155 
Chak  chak.  Port  50 
ChaieurB.      .    121 

Chalmers,  Port  151 
ChamatiaR.  .  148 
Chame  Ft.  .147 
Chamisso  I.    .    158 

—  Port  173 
Champigny  Is.  105 
Champion  B.  .  93 
Champoton  .  183 
Chance  I.  .61 
Chandeleur  Is.  183 
Chanerall.  .  144 
Chang-chil.  .  73 
Channel  Is.  .  19 
Chanonry  Pt. .  6 
Chaols.  .  .  146 
Chaoul    .       .      58 

Chapel  L  .73 
Chapman  C.  .  116 
Charbar .  .  55 
Charles  C.  .135 
—  Fort  .  10 
Charles  I. 

Galapagos .    160 
Hudson's  Str.  118 


Charles  I. 

Spitsbergen     17  3 

Charleston 

Leeward  Is.  131 
S.Carolina  136 

Charlotte  Bk. 

China  Sea      68 
S.  Pacific .    163 

Charlotte  I.    .    163 
Town  131 

Chose  I.  .        .    163 

Chateau  B.     .    130 

Chatham  1 

—  O.    .      98 
~       Uarb.  134 

—  I.  .  169 
Chatham  Is. 

Marshall  Is.  178 
8.  Pacific      153 

Chatham,  Port 

Rttss.  Amer.  161 
Chatte  C.  .  121 
Cluuohat  Rks.  73 
Chaume,  La  .  30 
Chausey  Is.  .  19 
ChauTeaa  20 

Chaves  .  .137 
Chayapiren  Vole.  1 44 
Cheduba  I.  .  61 
Che-fow  .  .110 
Chelagskoi  C.  lit 
Che-Ung.iah  Pt.  71 
Chelindreh  .  87 
Chelsieu  Rks.  73 
Cherbourg  18 

Cheribon  84 

Chermaier  .  84 
Cherry  I.  .163 
Chesterfield  Bk.  48 
Cheviot  HiU  .  7 
Chtapa  Ft.  .  35 
Chicscole  .  60 
Chica  Mola  R.  135 
Chiearene  Ft.  147 
Chichester  .  1 
Chichia  I.  .  160 
Chicken  Hd.  .  5 
Chicobea  I.  .  161 
Chidebucto  B.  133 
Chidleigh  C. 

Uadson'sSt.  118 
Labrador .  1 19 
Chigneeto  C.  .  133 
Chik-hok  1.  .  73 
Chilca  Ft.  .146 
—  Port  .  146 
ChUdersRk.  .  73 
Chile   .  .    144 

ChiloeL  .  144 
Chimmo  73 

Chimney  Hill .      51 

—  L  .  73 
China  Sea  67 
Chincha  Is.  .145 
Chin-chew  73 
Chinehorro  Bk.  133 
Chln-Hae              73 

—  Fort  72 
Chin-san  I.  73 
Chioggia  .  29 
ChipanaB.  .  145 
Chlrambtra  Pt.  146 
Chiriqai  Lag.  135 
ChisweU  Is.  .  151 
ChltlC.  .  .  88 
Chittae  .  .  65 
Chlttagong  R.  60 
Chitwa  .  .  69 
Choctaw  Pt  .  183 
Choiseul  B.     .165 

—  I.      .  165 

—  Port  49 
Chookea  I.  .  73 
Chosan,Port  .  Ill 
Choumay  C.  .  70 
Chowry  .  .  63 
Christchnrch  .  1 
Chriittian,  Fort  180 
Christiana  L 

Grecian  Aro.  83  4 


ChrisUania     .  15 

Christianopel .  15 

Christianaand  16 

Christianso     .  15 

Cbriatianstad .  130 

Christiausund  16 

Christina,  Sta.  156 

ChristinsUd  .  13 
Christmas  Uarb.  58 
Chi-istmas  I. 

Indian  O.  .  58 

N.  Pacific  170 

Christopher,  St.  131 

Christuval.  St.  I.  164 

Cbuluwan  I.    .  47 

Chung-chi  Pt.  73 

Chung-ahan  I.  1 10 

ChurchiUC.  .  119 

Cbusau  Is.      .  73 

Cica  Mt.          .  80 

Cies         .        .  31 

Cimbrishamn  15 

Cln  Pulo         .  67 

CintraMt.      .  31 

—  Down  of  42 
Ciotat,  Port  .  23 
CircuUrUd.  .  97 

—  Rf:   .  166 

Cirellal.         .  37 

Cirencester  Bk.  65 

CLwrgas  Is.     .  31 

Cispata  Uarb.  135 

CitUNuuya    .  89 

Civita  Vecchia  36 

Clzupol    .        .  34 

Claire  I.          .  164 

Clair.  St.  L     .  Hi 

Clapps  I.         .  63 

Clack's  I.        .  100 

CUra              .  40 
Clara,  Sta.  I. 
Juan  Femand.  154 

Peru    .        .  146 

Clare  I.   .       .  9 

Olarenoe  Coys  44 

Clarence  I. 

Madagasear  49 

S.  Pacific  157 

Clarence  Port  158 

—  Strait  104 
Clark's  Bk.  .  156 
Clarke  Bk.     .  103 

^—       I  96 

Clarke's  Ft.    !  134 

—  Shi.  .  106 
Claro  Babuyan  77 
Classet  C.  .  149 
Clear  Cape  .  8 
Clearwater  Pt.  131 
Cleaveland  Shi.  43 
Cleft  I.    .        .95 

—    Rk.  73 

Clemente.  St.  I.  148 

Clerk,  Sir  S,  I.  117 

Clerks  Rks.    .  141 

ClerkeL         .  154 

Cleveland  C.  .  99 
Clermont  Ton- 

nere  I.          .  154 

Chflbrdls.      .  Ill 

CUffyL   .        .  97 

Clippetton  Rk.  169 

Cloates  Pt.      .  93 

Clogher  Hd.  .  10 
Cloiiai-d  C.      .Ill 

Cloudy  B.        .  107 

Clove  Is.         .  89 

Cloven  Cliff  .  17 
Clump  I.         .91 

ChiteL  .        .  154 

ayde  Ft.        .  61 

Coast  C.  .        .  44 

CobUaB.fcPk  146 

Cocal  I.  .        .  169 

Cochin    .        .  69 

—  China  68 
Cochrane  C.  .  Hi 
Cockbum  C. 

Aixtic  Ocelh  1 16 


Cockbivn  C. 

AiMtralia  .  108 
Cockbum  I.    .    154 

—  Mt.       47 

—  Rf.  100 
CockeU'sIs.  .  105 
Cockle  Lt.  .  7 
CocoB  I.  .  .  8J 
Coco  Is.  .  .  68  3, 
Coco  Pt. .  .  137 
Cocoa  I.  .  .  57 
Coooa-nut  I. 

Java  .  85 

Sandwich  Is.  170 

Torres  St.      103 

Cocoa-nut  Ft.       89 

Cocoa  I. 

Ladrones  .  171 
N.  Pacific  169 
NewIreUndl66 
S.  Pacific.  158 
Cocos  Is. 

S.  Pacific  .    161 

Soolools. .      81 

Sumatra  .      63 

Cocos  Ft.        .    147 

CocussaMt.    .      27 

Code.     .        .    124 

—  Harb.  134 
Cod's  Ud.  .  8 
Codera  C.  .  186 
Coetivy  I.  .  56 
Coflin  C.  .  83 
Coflin  I. 

Min^agiffftsr  48 
Nova  Scotia  133 
Cofire  del  Peroto  133 
Cuhansey  Creek  135 
Coimbra  .  81 
Colberg  .  .  18 
Colbert  L  .105 
Coles*  Is.         .    100 

—  Ft.  .145 
Coley  Rk.  48 
Colima  Volcantf  147 
ColioL  .  .  75 
CoUL  .  .  4 
Collao  Cham  Is.  70 
Collao  Han  L  .  70 
Collato  C.  47 
Collins  Shi.  .  131 
CoUomand.  Atoll  56 
Colnett  C. 

CaUfornia  .  148 
NewCaledonial63 
CohiettL  .  Ill 
Colombia  .  146 
Colombo  .  59 
OoloneUa  89 

Colonla  .  .  140 
Oolonna  C.  .  88 
Cotonsay  I.  .  4 
Colorado  R.  .  148 
OoloradotR.  .    140 

—  Rft.  128 
Colqoboan  Mt.  45 
Columbian  Rk.  65 
OolnmbiAG.   .    116 

—  R.  .  149 
€V)Iambretos  Is.  83 
Columbus'sLand- 

laU  .137 

Column  L  .114 
Colville  C.  .108 
Comba  Pulo  .  87 
Comfort  C.         165 

MelviUePenin.118 

Solomon  Is.      166 

Comino  C.       .      36 

Commerson  I.      167 

Comorln  C.     .  59 

Comoro   .        *  49 

Coiicedo  Pt.  .  130 
Coiicepcion 

Bahamas  •  137 

Chile  .  144 
Conception  Ft. 

Mexico     •  149 

Conchagua  O.  147 

ConcheeKk.  .  19 


•  OonconUa  Fort  87 
CondlllaoL  .  104 
Condore,  Pulo,  Is.  88 
Cone.  The  .  61 
Cone  I.  .  .73 
ConfiUMCaj  .  188 
Conflict  Rfik  .  43 
Congo  R.        .      45 

Conical  Hill  .  58 
Connecticut  .  125 
Conseguina  Pt.    147 

Constantine  C.  i52 
Constantinople  3i 
ConsUtution  Ud.  146 
Contoy  I.  .133 
Conuariette  I.  lii  i 
Conway  B.  .  ItjB 
Conway  C. 

Australia       99 

China      '.      73 

Conway  Rf.     .    102 

Cook's  Is.  .  15*1 

Coomfidah  .  5V 

Cooper,  Fort  .  Wi 

Coordoineat  Is.  51 

Cope.  C.  de  .  82 

CopelandLt.  .  10 

Copenhagen  .  18 

CopiHM>  .  145 

Copinsha  I.  •  6 

Coppename  R.  137 

Copper  1.        .  1 14 

Coppermine  R.  117 

Coquet  L        .  7 

CoquiUeHarb.  17» 

—  L  .  174 
Coquimbo       .  144 

Coral  Bk.       .    105 

—  L  .  .189 
Coral  Rf. 

Marquesas  156 

8.  Faoiflo .  169 
Coral 

—  WestBk.  68 
Corchona  38 
Corcobado  Yolo.  144 
Cordouan  30 
Corean Arohip.  Ill 
Core  Mowaret  51 
CurentynR.  .  137 
Corfta  .  .  80 
Coringa  .       .  60 

—  8hL  .  102 
Corinth  .  .  31 
Corisoo  1.  .  44 
Cork  .  .  10 
Cormaehitl  C.  37 
Com  Is.  .  .135 
Cora^o  Pt.  .  145 
Comer  C.       .  168 

—  Inlet  .  97 
Cornwall  O. 

England  .       8 

Torres  8tr.  103 

Corawallls      .    109 

Corawallls  I. 

Baffin's  B.      116 
Mew  Orkneys  141 
Comwallis  is. 

N.  Pacific      170 

—  172 

ComwaUis  Mt.     92 

—  Port   63 

—  Shis.  69 
Corny  Pt.  94 
Coro  .  186 
CoroaGrande8h.l88 
Coromandel  Coast60 

—  Uar.108 
Coron  I.  .  .75 
Coronados  Rks.  148 
Coronation  I.      141 

—  Is.  151 
Coronge  I.  .  61 
Corrali  Fort  .  144 
OoRVgidorl.  •     )b 
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CorrientesC. 

BuenMAjres  140 

Cuba  .        .    1S8 

Mexico        .    147 

Panama      .    147 

8.  Africa    .      47 

CorrobedoC  .      31 

Corsair  B.       .    186 

Corseules,  Port     18 

Contewall  Pt. .        4 

Corsica    .        .      2ft 

Ccrso  I.  .        •    143 

Coruna    .        .31 

Corro      .        •      40 

CoBcio  di  Donna  '25 

Cusire  fiS 

Cosmoledo      •     50 

Coster  C.        .  163 

Cotaringan  R.  83 

Cotrona  .        .  28 

Coubre  Pt.  .  80 
Cougalga  I.     .162 

Coulaba  I.       .  68 

Coulomb  Pt.   .  106 

Coumong  Harb.  68 

Country  Uarb.  128 

Coupang  87 

Coupe  Pt.        .  19 

Courocne  C.  .  23 

Courtown  Bk.  134 

Coutances       .  19 

Cove  Rkt.       .  46 

CoTelang         .  60 

CovelllB.        .  172 

CoTentrj  Rk.  .  93 
CoTersea  Skerries  6 

Cow  and  Calf  .  63 

Cowes  CasUo  .  I 

^xcombPt.  .  158 

iJoy  Inlet        .  143 

Coxuroel  I.  .  133 
Crab  I. 

Brit.  Guiana  187 

Leeward  Is.  130 

YenesueU  137 

Crag  I.    .        .  74 

Craggy  I.        .  96 

Craig  Harriet .  Ill 

Cranberry  I.  .  133 

Cranganore  R.  59 

eras,  C.  le      .  165 

Crautord  C.    .  117 

Craw  Pt.         .  88 

Crawford  I.     .  43 

Crologh  Rks.  .  8 
Crescent  Chain  71 
Crescent  aty.    149 

—       I. 

LowArcbipk  164 

Cresto  del  Gallo  1. 78 
Cretin  Is.  .168 
Crcux,  C.  de  .  23 
Cricq,  8t.C.  .  93 
CrillunC.  .  ns 
Crimen  I.  .  85 
Crlo  C. 

Asia  Biinor    37 


Ci-oce,  SU.  C.  37 

Crocodile  Is.  .  103 

-^        Rk.  95 

Cruislc     .        .  80 

Croix,  St.  B.  .  114 

—         I.    .  46 
Croker  I.        .156 

Crokerl.frC.  103 

Crumarty        .  6 

Cromer  .        .  7 

Crompa  L       .  86 

Crooe              .  64 

Crooked  I.      .  127 

Crookhavea    •  8 

Crosby  Lt.      •  S 
Cross  G. 

Rubs.  Amer.  151 

W.  Africa  45 

Cross  BiU       •  46 


Cross  I. 

Msgdalenls.131 
No?a  Scotia  138 
Cross  Port,  I.  34 
Crown  1.  .166 
Croser  Mt.  •  173 
Cms,  C.  de  .  138 
—  Pt.de.  79 
Cruz.  Sta. 

Africa      .      48 
Canary  Is.      40 
Leeward  Is.  130 
Cms.  SU.  I. 

CalifbmU     148 
Mexico     .    149 
8.  Pacific .    164 
Crut.  Sta.  Is. 

Philippines  80 
Cruz,  Sta.  Port  141 
Crystal  Ud.  .  104 
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—    St.  L      .     152 
Feluk,  Ras  51 

Fenerive  .  49 
Fer  Pt.  au  .132 
Fermo  .      29 

Fernando  Noron.  45 

—  Po  .     44 

—  San     132 

—  —  Pt.  76 

—  St.Fo.l34 
26 
41 
89 
25 

101 
25 

89 
40 
91 

146 

45 

6 

166 

174 
89 

104 

6 

86 

22 

21 

139 
20 

1«0 
12 
84 
99 
21 
13 
14 
86 


Ferrajo,  Porto 
Ferraria  Pt.  • 
Ferrat  C. 
Ferrato  C.  . 
Ferrier'sBk.  . 
Ferro  C. 
FecTo  I. 

Algiers     . 

Canaries  . 
Ferrol     . 
—     B. 
Fetish  Town  . 
Fetlah  I. 
Fetoa-hougo   . 
Feys  1.    . 
Fianona  . 
Field  L    . 
Fifeness  .       • 
Fignri  C.         . 
Figo  Mt. 
Figueira . 

Fl^niier  C 
Fi}i  Is.     . 
Filsand   . 
Finale     . 
Fini?er  Pk.      . 
FinlstcrreO.  . 
Finland  G. 
Fini]grand 
Finocchiarola 


Fiorentina      .  85 

Fiorenxa,  St.  .  86 

First  Point      .  66 

—          L  65 

Fisher  C.        .  118 

Fisher's  I. 

Pescadores  74 

8.  Pacific  166 

Fisher's  Jf       .  47 

Fisherman's  Is.  73 

Fttflel  Hd.      •  6 

Fits  Roy  I.     •  99 

—       R.    .  105 

Flume     .        .  39 

Fiumldno       .  26 
Five  Fathom  Ho.  119 


Flf«  Fiagttt  .    106  4 
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FIT*  Fathom  ShL  I W 
Five  Mile  Pt. .  ISS 
FJJideriw.  (it.  I.  U 
Kladda  Chuau  4 
Fladstrand  11 

FUmborougb  lid.  7 
Flamenco  U5 

Flannen  Is.  .  6 
FUt  I. 

Australia  .      98 

Natunas    .      67 

New  Zealand  108 

Sumbawa  .      86 

Flat  Is.    .        .63 

FlatPt. 

Borneo      .      82 

Ceram       .      89 

New  Zealand  108 

fiuioatra    .      64 

Flat  Rk. .        .63 

Flatholm  I.     .       2 

FUttery  C. 

Australia  100 
N.  Amer.  149 
Flaxroaii  I.  .  il7 
Flechaa  Pt.  .  80 
Fleetwood  .  3 
Flekkero  I.  .  15 
Flensburg  .  13 
Fleah  Pt.  .  46 
Fleurleu  C.  .  168 
Flinders  C.JtGr.  100 

—  Entr.  101 
Flinders  I. 

Australia  94 

Fomeauz  96 

Flinders  Pt.    .  97 

—  Shi.  .  100 
Flint  L  .  .  107 
Florence  26 
Floras  Bd.  .  87 
Floresl. 

Aaores  40 

Ind.  Archip.  86 

B.  Plate  .  140 
Florida  C.  .186 
Flotte,G.de  .  163 
Flashing  .  11 
Fluted  C.  .  96 
Fly  Entr.  .  101 
Flying-flsh  Shi.  161 
Foerder  Lt.  .  16 
Fogol. 

C.  Verd  Is.     41 
E.  Africa .      47 

Fogo  Pk.  42 

Fohou  I.  .  89 

Fokai  Pt.  .  71 

Foleto  Pt.  .  136 

Folkstone  .  1 

Fong  Is.  49 

FoDoue*Foiia  .  Ifi9 

Fontane  C.  .  34 

Footak    .  .  49 

Footoona  .  163 

Foquot  1.  .67 

Foradada  .  24 

Forbes  Is.  .100 

ForcadoB  B.  •  44 

FordO.   .  .  104 

Foreland  N.  .  1 

—  8.  .  I 

—  Is.  .  73 
Foraoaa  .  12 
Forester  I.  .  166 

Formby  Lt.  .3  1, 
Formentera  I.  24 
Forinenton  C.  24 
Formica  di  Bora.  26 
Formiche  .  26 
Formigas  41 

—  SU.  129 
Fonnoaa  C.     .     44 

—  I.     .      74 

—  Mt.  .  62 
Fomelles,  Port  24 
Forrest  C.  .91 
Forrester's  I.  .  151 
Forth  Shi.  .  68 
ForUAed  I«      .      59 


(  Fortane  Bk.   •     66  4 
Fortune  I. 

Philippines     76  3 

Fortune,  Little,  I. 

Ceram  88  3 

Sunda  Strait  64  ) 

Foster  Mt.       .    141  4 

—     Port     .    141  4 

Foul  I. 

Araean  61  i 

N.  Sea      .  6  i 
FonlPt. 

Ceylon     .  60  i 
New  Guinea  91  3 

Foule  Pt.         .  49  % 

Foulweather  C.  149  t 

Foulwlnd  C.    .  106  4 

Fourchn  C.     .  122  4 

Fourcroy  C.    .  104  1 

Foumi  Is.        .  35  4 
Four  Crowns 

Austral  Is.  167  3 

Four  Sisters  .  73  4 

Pootouna  .  169  i 

Fowey     .  .  2  i 

Fowler  Pt.  .  94  i 

Fox  Is.    .  .  167  4 

Foz*^  Shi.       .  82  I 

Fose  Rk.         .  8  4 

Fran^ain  O.     .  129  3 

FrancavllU     .  29  i 

France    .       .  18  3 

Francis  C.      .  68  x 

—  Is.  .  162  ft 
Francis,  St.  C. 

C.  Colony  46  4 

Newfoundld.120  % 

Francis,  St.  I.  66  3 

—  Is.  94  I 
Francisco  de 

PanloC.      .    141  i 
Franoiaoo  de  So- 
lano 0.        .    147  1 
FranciaoOfSt. .    149  i 

—  C.  145  X 

—  L    139  4 

—  B.  138  4 
Frank's  L  .  132  3 
Frankland  C. .     96  1 

—  Is.  99  4 
Franklin  C.    .1171,3 

—  Is.    .      94  I 

—  Pt.  .  116  4 
FrascaC.  26  i 
Fraserboigh  .  6  3 
Fratelli  .  .  39  i 
Prayle  Rk.  .  130  i 
Frederic  Hendric 

Rks.  .      66  ft 

Frederick  Henry 

I.  .        .      92  1 

Frederick  Pt.      161  1 

—  Rk.      66  ft 

—  Shi.  101  3 
Prederickshall  15  3 
Prederickshamm  13  3 
Frederikstadt  16  3 
FreelsC.  .  120  i 
Freemantle  .  92  4 
Freetown  .  43  ft 
Freewill  Is.  .  176  i 
Prehel  C.  .  19  3 
Fr^us  .  24  I 
French  Frig.  Shi.  171  I 

—  Shi.  .  67  ft 
Frenchman'sBk.130  3 
Frescas  L  .  137  4 
Freshwater  B. 

Galapagos     169  ft 

New  Guinea  91  4 

Palawan  .      75  ft 

Freycinet  Grp.    105  i 

Friar  1.   .        .♦63 

Friar's  Hood  .      o9  4 

—  Rks.  .  45  4 
Friars,  Two  .  96  4 
Friendly  Bluff      73  3 


Friendship  C.  165 

—  I.  69 
Frigate  I. 

Cargados  67 

Seychelles  67 

Frindsbai7  Kf.  164 

Frio  C. 

Brasil       .  139 

W.  Africa  49 

Froward  C.     .  142 

Froaen  C^y     .  127 

Fuencaliente  .  40 

Fuengiro         .  22 

Fuenterabia   «  20 

Fuerte  I.         .  135 

FuerteTentura  40 

Fuga       .       .  77 

Fugloe     .  15 
Fugloe  I.  &  Skerry  6 

Fuh-yaou  I.     .  72 

Fulanga  I.     .  1<K) 

FulehukLt.    .  16 

Funchal  .  40 
Fundy  B.         .122 

FunkL  .        .  119 

Fumeaox  I.    •  165 

—  Is.  .  96 
FuryPt.  .  116 
rubuuai. 


Gabbard. 
Gftbia  Mt. 
Gabiniere 
Gable  a. 
GaboL  . 
Gaboon  B. 


8 

139 

24 

108 

97 

44 


Gabriel,  San,  L  167 
GadAmaaeBfr.  62 

Gadd  Lt.         .  14 

Gadd's  Rk.      .  77 

Gadsden's  Pt.  132 

GacU  26 

Gafrani  Is.      .  36 

Gag         .       .  91 

Gagliano         .  28 

Gagy               .  91 

Galdaro  I.  36 

—  Rk.  .  33  ft, 
Gi^o,  Port  30 
GalantryPt.  .  120 
Galapftgosls.  .  169 
Galatro  Mt.  .  24 
Galeoto  Pt.  .137 
Galera  Pt. 

ChUe          .  144 

CoknnbU   .  146 

New  Grenada  136 

Trinidad    .  136 

Galera,  Port  147 

Galeto  Pt.       .  90 

Gallola  Bk.     .  29 

Gallon  I.         .  84 

Gallto  I.         .  39 

Gallant.  Port .  142 

Galle,  Pt.de  .  69 

GallegosC.     .  144 

—  Port,  149 
Gallon  Hd.  .  6 
Galley  Hd.  .  10 
Gain  Bks.  .  S7 
GaUinara  I.  .  24 
GallinasPt.    .  136 

—  B.  .  43 
GallipoU 

Naples  88 

Turkey    .  84 

GalloC.  31 

—  di  .  98 
Galloper  8 
Galloway,  Mull  of  4 
Galong  B.       .  70 

Galveston  B.  and 

L  .132 

GalvesFort    .  144 

Galway    .        .  9 

GamaleyC.    .  112 

Gambia  R.      .  42 

Gambler  Mt.  •  95 


Gamblerii  la. 

Australia.     94  % 
Low  Archip.  164  ft 
Gambroon  64  4 

GamlaCarleby  14  i 
G«mmonPt.  .  124  3 
Gamora  C.  .  113  3 
Ganges'  Bk.  .  67  3 
—  R.  .  69  3,4 
Ganjam  .  .  60  3 
Gaunetl.  .  109  3 
Gannet  Rk. 

Maine,  U.S.  123  ft 

Nova  Scotia  122-  4 

Gantheaume  .      92  3 

—  Pt.106  I 

Gap  I.      .       .      76  4 

—   Rk. .       .     67  I 

Garden  B.       .    169  ft 

—  L        .      92  4 

Gardner  I. 

Galapagos  169  ft 

New  Ireland  166  I 

N.Pacific  171  I 

S.  Pacific  167  3 

Gardner  Mt.  .  98  ft 

Gamot  I.        .  168  ft 

GaroupeC.     .  24  i 

Garret  Deojs  166  4 

Garni  I.          .  64  a 

Garry  O.         .  116  3 

Gaspar  I.  fc  St.  66  3 

—  Rico  .  172  ft 
Gasp^  G.  .  121  ft 
Gaases  Pnlo  .  89  ft 
Gata  C.  .  .  82  3 
Gatoombe  Hd.  98  4 
Gato,  I.  del  .  79  i 
GattoC.  38  I 
Gay  Hd.  .  124  3 
Gaya,Pulo 

Borneo,  N.E.  81  3 

—      N.W.78  I 

Geby  .     89  4 

Geelrink  C.    .    168  3 
Geile       .       .      14  3 

Gennargenta  Mt.  26  ft 
Genoa  .      85  4 

—  G.  .  24  ft 
Genores,  Port  28  3 
GenteUermoaa  167  ft 
GeographeBk.     93  1 

—  ShU.  106  ft 
Geology  Pt.  .  142  i 
George  and  Aber- 

cromble  69  i 

George  Caj    .    134  ft 
George  Fort 

PrtnoeBdw.L121  3 
Scotland  6  ft 

George  I.        .    142  3 

GeoigeIV.,Portl06  1 

George,  St. 

Braril  .  138  4 
Grenada  .  131  4 
Ionian  Is.  .     31  1 

George,  St.  O. 

Australia  .  97  4 
Cape  Breton  122  a 
Indian  Ocean  68  ft 
Newfoundld.  120  3 
New  Ireland  166  l 

George,  St.  I. 

Aaores  40  4 

Florida  .  132  1 
India  69  l 

Moaunb.  .  47  4 
Buss.  Amer.  162  4 
Solomon  Is.    165  i 

George,  St.  Pt.    149  ft 

—  Sbls.124  ft 
Geo.St.d'ArbQr.1.32  ft 
George  Town 

Brit.  Guiana  137  ft 
Malacca  St.  62  ft 
S.  Carolina  126  1 
Van  Diem.  La.  07  ft 
George  Town  II.  126  ft 


O«0iig|aL 

—  H.       .  141 

—  U.S.  .  126 
Oeorgio,8t.,Port  30 
Gepirfank        .  17 

Qori&h  Pt.       .  69 

Germain,  St.  .  19 
Geronimo,?an,L  148 

Goran    .       .  2 

Gervaij«  C.     .  163 

Ghar.  Basal  .  54 

Ghanih  I.        .  38 

Gbarib,  Bas   .  62 

Ghelei^ik       .  35 

GhirC.   .        .  42 
Giant's  Caoaewaj  9 

Gianuti  L        .  26 

Gibbon's  Mt.  .  60 

Gibraltar  82 

Giedserodde    .  12 

Giens      .       .  23 

Gigantangan  I.  79 

Gigantes  Js.    .  79 

Gigllo  I.          .  26 

Gilbert  Archip.  162 

—  L        .168 

GUlessorVle  90 

GiUmanC.     .  116 

GUoto      .       .  89 

Ginger  L        .  180 

Gloja  27 
Giorgio,  St.,  Mt.  30 

Gionrapottlo    .  S3 

Gippe'Br.       .  166 

Glraglia  I.      .  86 

Ginlleneas      .  6 

Girgenti         .  87 

Glarenia  C.    .  31 

Glaegow  4 

—      Port.  4 

Glatton's  Bk. .  90 

Glenan  la.      .  19 

Glenelg  .       .  96 

Glennie  la.     .  96 

Glorioeo  I.      .  49 

Glosholm  Lt.    .  IS 

Gloucester  C. 

Australia     .  99 

New  Britain  166 

S.  Pacific     .  166 

Tierra  d.Faegol43 

Gloucester  L 

Australia  .  99 

Low  Arehtn.  U& 

Gknicester  ShL  69 

Gloup  Holm    .  6 

Glover  Bf.       .  1S4 

Glnckatadt  11 

Goa  69 

GoapnanthPt.  68 
Goatl. 

Ma8a.U.S.  ISS 

Philippines  76 

^*>f*»^«ftaiffttllar]  33 

Gobemador  Mt.  144 

Godeini,Bas  .  M 

Godrevy  I.  8 

Ooede  Hoop  C.  1G9 

Ooedereede    .  II 

Gogah     .       .  66 

Goloonda  Bf.  .  80 

Gold  Coast  44 

Golden  Mt.     .  63 
Goldown's  BL  B.  47 

Goleta     .  39 

Gollondar  61 

GolovatcheffC.  114 

Golovine  B.     .  153 

GomaQVi  Kaa  .  60 

Gomenitaa  SO 

Gomera  .  40 

Gomona          .  89 

Gonaive  I.      .  199 

Gonaives         .  129 

GonsalesHd.  .  144 
Good  Hope  C. 

Africa      .  46 

China      .  7S 
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LowArchlp.  IM  4 
S.  Padflo  .    158  % 
G«od  aocoen  B. 

*  C.  .  •  .  U3  I 
Ooodenoagh  L  167  4 
Goodman  I.  .  165  4 
Goodwin.  .  1  I 
Goold  I. .  .  99  3 
Gooniing  Apl 

Biuidais.       88  3 

Floref  Sea      86  4 

Ooonung  Loose     63  3 

—       Marua  65  % 


Gooae  I. 

Connecticut  135  i 
Fumeauxif.  96  z 


Coram  I.         .  88 

Oorda  Cay      .  154 

Gordewar  Ft. .  60 

Gordon  Rf.     .  160 

Oore  Ft.  .    151 

Gore,  Fort      .    107 
Goree  I.  .       .49 
Goreloy  I.       .    152 
Gorgona  I. 
Mediterranean  26 
Pent    .       .    146 
Qoro       .       •     29 
—    I.    .        .    161 
Gothland        .      14 
Gottenburg     .      15 
Goto  Is.  .    Ill 

Oottdca  Sando  14 
Gouap  I.  .  174 
(Sough's  1.  .  45 
Goulbttmls.  .  108 
GooldSng  Caj  127 
Goran's.  St.  Head  3 
Gower  I.  164 

OraciasADkMG.134 
GmoI.    .  28 


Gradoea 

Aaoraa  49 

Madeiras.  40 

Orado             .  29 

Grafton  C.      .  99 

—  I.  .  77 
Graham  MoopeC.l  17 
Graham's  Shi.  28 
Grain  Coast  .  43 
Grainger  ShL  €8 
Grambousa  I.  37 
Grampus  Is.  .  171 
Gran  Bi^o^ 

Esperanaa  .  128 
GranSaasod'Ital.  29 
Grand  Duke 

Alexander  .  157 

Grand,  Le,  C.  93 

Grand  Manan  123 
Grand,  Port 

Mauritius  58 

Skynis  83 

Grande  I.        .  139 

—  Mt.     .  24 
—      PL      .  145 

Grange    .       .  129 

iiranitolaC.   .  27 
Grant             Pt.  95 

Granville        .  19 

Grape  Caj      .  135 

Grasholm  I.    .  3 

Grave,  Pte.  de  20 

Gravelines      .  18 

GraToU  Pt.     .  129 

Gray's  Harb.  .  149 

Great  Fish  B.  45 

—  Pt.flbR.4« 
Great  I. 

8.  Padftc  153 

Spitsbergen    17 

Greece    .  31 

QrMu  C.        •  87 


127  1 


Green  Cay 
Green  1. 

Australia  .  99 
Calamianea  75 
G.ofSt.Lawr.  131 
Hudson's  Str.  Ii8 
Nova  Scotia 

Green  Pt. 

GreenhiH  L 

Greenhithe 

Greenland 


122 

46 

104 

1 

115 


Greenly  Is.  &Mt.  94 

Greenock        .  4 

Greenwich      •  I 

Grego  C.         .  38 

Gregory  C.     .  149 
Greig 

—  I.  .155 

—  Shi.  .66 
GrekovaRk.  .  13 
Grenada  .  131 
Grenadeer  Hnen  18 
GrenvilleC.   .  100 

—  I.    .  162 

—  Pt.  .  149 
GreriUeRka..  152 
Gray  C.          .  103 

—  Book     .  17 

—  Town  .  135 
Gribbin's  Hd.  2 
Grlbosme  16 
Grie£iwaldoe  .  12 
GriflSn  Rks.  .  81 
Griffith  I.        .  116 

Grim  G.          .  96 

Grimness  Hd.  5 

Grimsey  I.      .  17 

Grisnea  G.      .  18 

Grivioa  I.      .  29 

Groene  Is.      .  164 

Groiz,  I.  de    .  20 

GronskJilLt.   .  14 

Groote  Eylandt  103 

GrosC.   .        .  23 

Grosaas  C.      .  19 

Groese  C.  31 

Grosvenor  Shi.  89 

Grottamare    .  29 

Grottin  du  Coa  20 

Gruesco  Pt.    .  145 

GuadalcanarL  165 

Guadalupe  I.  .  170 

Guadeloupe     .  131 

GuadianaR.   .  22 

Guahan  I.       .  171 

Gttsianeoo  Is.  143 

Gu^ba  I.      .  138 

Guam  I.          .  171 

—  .  .  173 
Guanape  Hill  146 
Gnanica  Pt.  .  130 
Guantanamo  .  ISA 
Guarachina  Pt.  147 
Guarapari  .  139 
Guaratiba  Pt.  139 
Guaratuba  R.  139 
GuardafiiiC.  50 
Guardia  I.  .  I4K 
Guardlanil.    .  31 

GnarmeyB.    .  146 

Gnascama  Pt.  146 

GuasooiPort  .  144 

Guatemala      .  135 

Guatuico,  Fort  147 

GuayamaR.   .  137 

Guayaquil       .  146 

Guaymas         .  148 

Guayra,  La     .  136 

Gueguen  R.    .  140 

GueiChewL  70 

Guerande        .  20 

Guerite  Rk.    .  67 

Guernsey        .  19 

Guguan  I.       .  172 

Gula,  Pt.de    .  188 

Guiana    .       .  137 

Guilder  Rks.  .  62 

GuinapaoBki.  77 


Guinehoe  Cay 
Guinea  G. 
Guinonos  Pt. . 
Guizo  I.  .       . 
GnU 

—  Bk. 

—  Stream  . 
Gun  Cay 
Gung  L  . 
Ganner'fl  Is.   . 
Gurupi  C 
Gut  of  Canso  . 
Gutxlaff  Is.     . 
Gayaquii 
Gwa 

Gwaiel  C. 
Gwetter  . 
Haano  1. 
Haarlem 
Habeeba  Is.    . 
Habile  Mt.      . 
Hacha     . 
Hackluyi's  H. 

—        Is. 


127  I 

43  % 
147  % 
165  X 


122 
1 

127 
56 

187 

138 

122 
74 

146 
61 
55 
55 

159 
li 


39  3 

43 
136 

17 
116 


Haddington  Mt.  141  4 
—  Port  109  4 
Hadid,  Raa  .  39  a 
Hae-chow  .  HO  a 
Haerlem  Is.  .  168  4 
Uae-taaL  .  72  3 
Hafoon,  Bas  .  60  4 
Hafringl  .      14  4 

Uagemeister  I. 

Low  Archip.  155  4 

Rttss.  Amer.  152  4 

Hag's  Hd.        .        9  I 

Hague  .      II  I 

—  C.  U  .  18  4 
Hai-ling-shaa  L  71  3 
Hai-mun  .  73  1 
Hainan  Hd.     .      71  i 

—  I.  .  .  70  4 
Haipongl.  .  71  3 
Hakodadi  .  112  4 
Halcyon  L  .  172  x 
Haleimah,  Ras  88  1 
Half  Moon  Cay  183  4 

-~  Shi.  69  4 
Half-wa)^  ttRf.  102  3 
Halganl.  .  163  x 
Halibut  I.  .  150  4 
HalUkx    .        .    122  3 

Haliguen,  Port      20  i 

Hall  C.    .        .    151  4 

HallL 

Gilbert  Arch.  162  3 
Hudson's  Str.  118  i 

Hall  Ft.  .    105  I 

Hall,  SirJ.Grp-  Hi  i 
HallandsWadero  15  % 
HallowellC.  .  117  3 
Halmstadt  15  z 

Halsey  I.  .54 
Hamburg  .  U  4 
Hammamet  38  4 

Hammerfest  •  16  3 
Hammond's  I.  89  z 
Hamond  C.  .  151  3 
Hampton  Fort     126  i 

Hanalae  B.  .  170  4 
Handa  I.  .44 
HangkUp  O.  .  46  3 
Hangman  Hill,  Gt.  2  4 
Haiigo  .  .  13  4 
Hannah  Shi.  .  82  3 
Uano  I.  .  .  15  I 
Hanson  Ft.  .  153  4 
Hantohotmea  Ft.  II  4 
Uapaee  Is.  .  159  4 
Haradskar  14  4 

Harbinger  Rks.    95  3 

Harbr.  of  Mercy  143  3 
Hardy  Ft.        .    104  4 

—  Port  .  107  4 
Hardy,  Sir  C.  Is. 

Australia      100  x 

8.  Paciile      165  4 

BweL   •      .lift  3 


Baring  la.    . 

«1  4 

Harmeel  I.      • 

51  3 

Uamishla.     . 

52  4 

Haro  C.  . 

148  X 

HarpL 

New  Zealand  IQB  3 

Harrington     . 

34 

HarshaU's  Nlat 

11  4 

HartlandPt.  . 

2  3 

Hartlepool 

7  X 

HartwellRf.  . 

41  3 

ilamku  I.       • 

89  X 

Harvey  Rks.    . 

102  4 

Harvey's  Is.    . 

984 

Harwich 

8  I 

Hasborottgh    . 

T4 

Haski  L  .       . 

53  a 

Hastings 

1  i 

—       I.      . 

854 

—       Harb. 

61  4 

—       Rk.  . 

85Z 

Hatteras  C.     . 

125  4 

Hatton'8HeadId.ll8  i\ 

Haulbowline  I. 

104 

Haul-off  Rk.  . 

93  X 

Hausses  Is.     • 

108  4 

Haute  L 

Maine,  U.S. 

123  1 

New  Bruns. 

123  t 

HMraii     .        . 

1594 

Havana   .       • 

128  X 

Hat  flue        • 

16  I 

Havre 

18  3 

—     C.La  . 

122  3 

—     Rk.      . 

156  4 

Hawaii    .       . 

170  X 

Hawk's  Nest  . 

187  4 

Hawke  B. 

108  X 

Hawke  C. 

98  X 

Hawkesbury  I. 

102  4 

Hawkins  Rf.  . 

160  3 

HayC. 

Australia . 

104  X 

Baffin's  B. 

117  3 

Haycock  HUl  . 

51  X 

Haycock  L 

Indian  Arct 

1.  75  3 

Philippines 

903,4 

Xulla  Is.  . 

89  X 

Haycock  Im.     . 

67  xi 

Haytien  C. 

139  3 

Hasyls.  . 

151  X 

Heath  Ft. 

121  X 

Heaux  de  Brehat  19  3  j 

Heawandoo  I. 

55  3 

—         Phok>55  3  1 

Eebridea 

S  I 

Hebron  Mlflsion 

Stn.     . 

119  3 

Heckla  Mt.     . 

18  I 

Hedgehog  Mt. 

17  3 

Heeniskerk  Mi. 

96  X 

Hegadis  . 

86  3 

Heiden  Is. 

173  3 

Hellhomet 

16  X 

Hekueru 

154  4 

Hela  Lt.  . 

13  3 

Ueliinea  L 

53X 

Helder     . 

11  X 

Helen  Shi.      . 

176  I 

Helena,  St.      . 

45  1 

Helena,  St.  B. 

46  X 

—         Ft. 

l46  4 

Helgoland 

n  3 

Uelier's,  St.    . 

19  X 

HellyerRks.  . 

144  I 

Uelsingborg    . 

15  X 

Helsingfors     . 

133 

Helaingkall     . 

14  I 

HelvetiusC.    . 

104  X 

Helvoetsluys  . 

11  1 

HelwiekHd.  . 

10  3 

HeBdervOle  I. 

162  3 

Uonlopen  C.   . 

126  3 

HenriettaMar.0.1I9  i 

Henry  C. 

Antlooatl. 

ISlft 

Henry  C. 

Louslades  167 

Virginia  125 
d.  Charl.  Is.  151 

Hennr,  Port    •  143 

Henslow  C.     .  165 

Henuaka         •  153 

Heraclea         •  35 

HeracUa  L      .  33 

HeraUd  %       .  154 

Herald  I.        .  114 

Herbert  L      .  110 

Hereheretoa  .  153 

UerekinoRoad  109 

Heretua          .  155 

Uergests  Rks.  156 

Herm  I.           .  19 

Hermanoo  .  136 
Hermit  I.        .143 

Hermit  Is.      .  167 

Hermogenes  I.  151 

Hermonisi'I.  .  32 

Uemoklubb    .  14 

Hemosand      .  14 

Herpin  Rk.     .  19 

Herradura  Ft.  145 
Herradurade  Co- 

quimbo        .  144 

HerschelC.    .  116 

—       L     .  117 

Hesselo  U.     .  12 

Heve  C           .  18 

Heyst      .  11 

Hlaou      .       .  156 

Hibbs  Pt.        .  96 

Hibemla  Shi. .  105 

HicaronL       .  147 

Hidden  L        .  105 

Hlerro     .       .  40 

High  Brothars  51 

High  Clay  Pk.  55 

HighL 

Buccaneers.  105 

Hudson  Strait  118 

New  Zealand  108 

8.  Paeiilo     .  162 

Highland  B.    .  108 

HlUock  Ft.      .  99 

Hillsborough  C.  99 

Hippal.  .  .  151 
Hippolite  Rk.  96 
Hirshan  Is.  .  73 
HirUhoImen  .  11 
Hilohinbroke  C. 
C.  Breton  I.  183 
Russ.  Amer.  151 
Hitchlnbroke  I.  151 
Hitehinbrook  Mt.  99 
Hiva^Oa  .  .  156 
Ho*  .    153 

Hoa-pln-su  I.  l'>9 
Hobarton  .  96 
Hobbies  .    134 

Hoc,  Pt.  du  .  18 
Hodeidah  .  52 
Hoedio  I.  .  20 
UogL 

Indian  Oc.      58 
Java         .     84 

Hog  la.  .134 

—  Pt.  .64 

—  Nose  •  120 
Hogan  I.  95 
Hogland  .  13 
Hogoleu  .  174 
Hogsten  .  .  13 
HogstyRf.  .  127 
Holbraken  .  16 
Hoievarde  .  15 
Hokianga  Haiii.  109 
Holbome  I.  .  99 
HolbumHd.  .  4 
Hole  in  the  Wafl  47 
HoUam's  Bird  L  46 
Holland  .       .      11 

—  Bk.         « 

—  I.       .    170 
KolmeB  Harb .   IM  1 
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Holstelnborg  .  115 
Holt  I.  .  .  1A5 
HoluthurU  Shis.  104 
Holj  I.  .        7 

Holyhead  .  t 
Home  Is.  .  100 
—  Rf.  .  159 
Honden  I.  .154 
Honduras  C.  .  134 
Hono-Cohe  Harb.  68 
HonHeur  .      18 

Hong  Kong  .  71 
Honxa-Uapai  .  159 
Honoruxii  .  170 
Hood  C.  .      92 

Uoodl. 

Galapagos     169 
LowArehip.  153 
Marquesas    156 
IloodPort 

Australia        93 

KAfferland     47 

Hood  Port       .    122 

Uoo-e-tou  Pt.        72 

Hook  L(.         .      10 

Hope  G.  .110 

Hope  I. 

N.  Pacific  173 
8.  Pacific  162 
Spitsbergen    17 

Hope  Pt.         .    153 

Hope's  Adv.  C^  118 
Hopedale  .  119 
Hopper  I.  .162 
HoraineRk.  .  19 
Hereon  B.  .144 
llor  Hadeea  .  50 
Homiigas  Rks.  146 
Horn  C.  .    143 

—  Hd.        .       9 

—  I.  .    132 
>-    Is.          .84 

—  Pt.  .11 
Home  Is.  .  159 
Horned  HIU  .  102 
HurnerPk.  .  HI 
Homos  •  76 
Uornsuddo  14 
Uorsburgh  AtoU  55 

—  C.      116 

—  I.  61 
Horse^oe  Rf  . 

Barrier  Rb.  100 

Fecjee  Is.  161 

Horta  .  40 
HoihaiD  C. 

Arctic  Oo.  116 

Australia  104 

lYoua-houa  B.  108 

Houa-houna    .  156 

lluugue.  La     .  18 

Hout  Pt.          .  46 

Iloutjes  B.       .  46 

Houtinan  Rks.  92 

Howakel  I.      .  51 

Howard  ShI.    .  67 

Howe,  Lord,  I.  101 

—  Is.  164 
Howe  I.  .  156 
Howe  C. 

8.  W.  Australia  93 
8.  E.  Australia  97 
HowthBailejLt.  10 
Howtha  •      53 

Hoyambre  C.  SI 
Hoylake  •       8 

Howick's  Grp.  100 
Uuacaneo  I.  144 
Iluacho  B.  •  146 
Huafo  L  .     144 

Iluabeine  I.  .  156 
Huaniblin  I.  .  144 
Huancbaco  Road  1 46 

Iluddart's  Shi.  47 

lluddiksTaU    .  14 

Hudson  I.        .  159 

Undson'sB.  119 

—       Is.    .  161 


Hudson's  Strait  118 
Hue  Fo  R.  70 

HuecbQcuoity  Hd.  1 4  4 
Hull  .       7 

—  I.   .        .    167 

—  Is.  .  167 
HomboldtB.  .    168 

—       B. .    149 
Hummock  I. 
Fomeaox  Is.     96 
Meia-co-sl-mah 
Is.  .        .109 

Hnmm.  of  Dreng  64 
Humphrey  I. 

aPadflc.    157 

Hungry  Hill    .       8 

Hunstanton  Pt.       7 

Hunter  C.       .     165 

Hunter  I. 

Marshall  Is.     *73 

8.  Pacific     ,     162 

V.Dieman'sL.  97 

Hunter,  Port 

Australia .      98 
8.  Pacific.    166 
Hunter  and  Al- 
batross Is.    .      95 
Hunter's  Rf.    .    174 
Huon  Is.  .    163 

—  R.  .96 
HurdC.  .  116 
Uurdl. 

E.  Africa  47 

8.  Pacific  162 

Hurst              .  1 

Hvaloe     .        .  16 

Hvalsbak  Rk.  17 

UvidlngscB  .  15 
Uwang-ching-tao 

I,          .       .  110 

Hydra             .  .82 

lanaR.   .       .  115 

lanthe  Shi.     .  174 

Ibayat  I.         .  77 

Ibbetson  C.     .  149 

—      Is.     .  172 

Ibol.       .       .  48 

Ibugos  .  77 
IcaoosPt. 

Cuba        .  128 

Honduras  184 

Tiinidad  .  187 

Ice  Sound       .  17 

Iceland    .        .  17 

IckulakaRf.   .  160 

Icy  C.  .  .  158 
IdaMt. 

Asia  Minor  85 

Candla  86 

Ifelottkls.  .  174 
IgloollkL  .  118 
Ignacio,Bt.I.fcP.148 
Iguape  R.  .  139 
Ihrum  Cap  .  153 
Ikourangi  Mt.     108 

Ddefonso  Is. 
CaUforaia        148 
Tier,  del  Fuegol43 
Hdefonso,  St.  G.   77 
Ilflracombe  2 

Ilha  das  Rollas  44 
Ilha  Grande  B.  139 
Ilheo,  d'  .  .  46 
Ulack  I.  .  .  152 
lUuluck  .  .152 
Imalaguan  .  76 
Imbros  .      34 

Immor  I.         .163 
Imperieuse  Shi.  105 
Inaccessible  Is. 
New  Orkneys  141  ' 
8.  Atlantic         45 
Inagua  Is.        .    127  j 
I-nah-Kwoh    .    109  ) 
Inch  Keith  6  4 

Indefatigable  I.    169  3 
Independence!.  159  1 


India       .       .      58 
Indian  Ocean  .     58 
Indian  Ud. 
Australia  98 

Buenos  Ayres  1 40 
Indian  R.  .126 
IndigirkaR.  .  114 
Indio  Pt.  .140 

IndispensableRf.  165 
In^Jeh  BoomottC.36 
Indramayn  Pt.  84 
Indrapour  Pt.  64 
Indus  R.  .      58 

Ine  Is.  .  .91 
Inez  Sta.  pt  .  148 
InfanU  C.  .46 
Infieraillo  Rk.  145 
Inhambane  B.  47 
Inhampura  R.  47 
Iniue  .  .  I5S 
Inman  C.  .  143 
Innis  Murray  .  9 
Innisgort  P 

Innishowen  Hd.  9 
Innistrahal  9 

Inscription  0.  92 
Inspection  Hill  103 
Inverarity  8hl.  47 
InTemess  6 

Investigator  R&.69  2 « 
Inyack  C.  .  47 
lona  I.  .  .  4 
Ionian  Is.  .  80 
Iphigenla  Rks.  90 
Ipsera  85 

Ipswich  B.  .  IM 
Iquique  .  .  145 
Ireland  .  .  8 
Irene  0.  .  .34 
Iro-o-Saki  .  112 
Irols  Fort  .  181 
Iron  0.  .      87 

Irvine  .  .  4 
Isaac,  Gt.,  Rk.  126 
Isabel  C.  .    143 

Isabel  I. 

Califomia     148 
Solomon  Is.  165 
Isabella  C.      .116 
IsabeliePt.     .    129 
Ischia  I.  .      26 

Ishailoh  Rks.  .  88 
IslaC.  .  .  136 
Islamabad  R. .  60 
Islay  .    145 

Isle  of  Man  8 

Isle  of  Wight  .  1 
Isleta       .  40 

Ismid  •      34 

Isolette  C.  .  53 
Issimgoak  Pt.  115 
Itaba/ana  Mts.  138 
Itacolomi  Pt.  188 
Italy  26 

It^aooroya  Pt.  139 
Ithaca  .  .  81 
Itourupl.  .  113 
ItsoumoC.  .  112 
Ii^ah  Pt.  .  87 
Ives.  St.  .       2 

Ivisa  .  .  24 
Ivory  Coast     .      43 

JaboC.  .  .  90 
Jabong  Pt.  66 

Jacinto,  Port  San  78 


Jackee  Pulo    . 

87 

Jackson,  Port 

98 

—      Pt. 

107 

~      Shi. 

67 

Jacqulnot  I.    . 

168 

—       Pt. 

169 

Jaffit 

37 

Jalfatin  Gt.  I. 

52 

Jaffrabad 

58 

Jago,  St. 

41 

Jagua  B. 

;28 

Jsguaribe  R. 

138 

Jahleel  ft.       . 

104 

Jamaica 

129 

James  B.  k  L 

169 

James,  St.  C. 
Cochin  Chfam    68 
Q  Char.  Is.     151 
Jan  Mayen  I.  .      17 
Jandia  Pt.  40 

Jane  I.  .  .  173 
Jane's  Tab.  Land  100 
Janena  E4)aya  R.  84 
Ji4>an  Is.  Ill 

Jaquemel  C.  .  130 
Jara  Hd.  .    145 

—  I.     .        .62 
Jardines 

Cuba        .    128 
N.  Pacific      172 
Jarvis  I.  .156 

Jaahk  G.  .  54 
Jason  la.  .142 
Jaubert  C.  .  106 
Jauk)  I.  .  .78 
Java  .  64  j,  84 
Java  Hd.  64 

Jean,  St.,  de  Lux  'M 
Jtbel  Antar    .      52 

—  Hadid    .     42 

—  Klnkeri       53 

—  Sarsar   .      42 

—  Seaijan .      51 
•~   Soubah  .     52 

—  Teer      .      52 

—  TheU  88 

—  W.Lehama5l  4 

—  Zaghwan    88  4 

—  Zoc^gur  I.  52  4 
Jedderons  Rf.  15  4 
JeiT,  Ras  .  •  58 
Jella  Coffee  ,  44 
Jenichesk       •     85 

Jerba  1.  .  .88 

Jerbourg  19 

Jericoteoari  .    138 

Jennain  0.  .118 

Jemlngjiam  Pt.  108 
Jersey      .  19 

Jersh&Yt  .  .12 
Jerusalem  •  87 
Jervis  B.         •      97 

—  O.  .95 

—  I.  .        .    102 
JessioBeaaloyRf.  80 

Jesns  Maria  L  167 

Jewnee,  Baa,  .  55 

Jlbsh,  Ras  58 

Jiddah     .  52 

JigatPt.          .  58 


JU«U 

JUghlnsk  I. 
Jintotolo  I. 
—  L 
Joao,  St.  I. 
Jobie  I. 
Johanna  . 


89 
17 
79 
78 
138 
169 
49 


John  Baptist  Ft.  152 

John  Pt.  .    144 

~  Begg  Rk.     149 

John  de  Nova  Is.  56 

John,  St.  C. 

Africa .        .      44 
Catidia  86 

Newfoundland  119 
Tier,  del  Fueg.  143 


John's,  St. 
Antigua 
N.  Brunswick 
Newfoundland 
John's,  St.,  High 

land  . 

John's,  St.  I. 
Greece 
Red  Sea  . 
8.  Pacific 
Virgbi  Is. 
John's,  St.  Pt. 
John's,  St.  R. 
Florida 
G.  of  St.  Law. 
Kaffarland  . 


John's,  flu  S. 
Pegu 

Jolnville  L     . 
Jolboa  L 
Jomalie  I.       . 
Jomftuelaod  . 


61  I 


141 
133 

77 
15 


181 

123 

120  % 


584 


36 

5i 
165 
130  3 

9  I 


126 

121 

47 


Jonas,  St.  I.  .  114 
Jones  I.  .  .104 
Joee.San.Road  147 
Jose,  St.  1.  .  147 
~   San        .    148 

—  ^anl.  .  148 
Josef.  San,  Port  1 40 
Joseph,  St.  Is.  bit 
Joseph's,  St.  B.  132 
Jonvency  I.  .  167 
Joyi  .  .  89 
Juan,  St.  B. 

Califumia     148 

Venesuela     136 

Joan,  St.  Mt.  .    148 

—  Px>rt  147 
Juan  C.  130 

—  St.  da  Nova    49 

—  Port       .    14S 

—  de  Quia  C.  135 

—  de  Nicarag.  135 

—  Baptiste  L    154 

—  Fernandez  154 
Jnanica  a  .  148 
Jnanitoa  .  148 
Juba  R.  .  .50 
Jubal  I.  52 
JabyC.  .  .  42 
Judge  Rks.  .  143 
J  adge  and  Cleric  15:5 
Judgment  Rk.  95 
Judith  Pt.  .  124 
Jugumaut  60 
JuhoIaL  .  108 
JniMt.  .  .  33 
Julian  Mt.  .  168 
Julian,  St.  .  92 
Jahan,  St.,  L       67 

—  Osst  27 

—  Port  141 
Julie  .  .111 
Junkseiion  .  62 
Jupiter  Inlet  .  126 
JuraL  .  .  88 
Jurien  I.  .167 
Jussari  .  13 
Just-an-Corps  1. 122 

Kabes  88 

Kabruang  90 

Kadahboo  Bluff  43 

Kad^a     .  38 

Kae-chooBk.  110 

Kaffk               .  34 

Kafferland  47 

Kaholawe       .  170 

Kahowawa      .  109 

Kaiagatch  87 

Kaifa              .  87 

Kaipara  Harb.  109 

Kakava  I.  87 

Kakulimah  Mt.  43 

Kalaeko  .  87 

Kalampunian  1.  75 

KalantanR.    .  67 

Kalao              .  86 

Kalemaas  84 

Kalgalaksha   .  16 

Kaliagri  C.     •  84 

Kalibia    .        .  88 

Kaliugal  L      .  90 

Kalkoon  la.    .  85 

KalU  Rk.  14 

Kallbaden       .  18 

Kalmar  .  14 

Kaloyeri  Rks.  88 

Kalpeiii  Is.      •  65 

Kalymno         .  86 

Kiimasuun  I.  x  43 

Kambara  I.     .  160 

Same  C.         .  168 

Kamoudi  Polo  M 
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KftmpongOuta  Itt  i 
Kamtchakikjr  G.  1 14  a 

KuMga  1.        .  152  3 

Kanaii,  Ras  al  38  z 

Kaii&ry,  Grand  89  3 

Kandabou  1.    •  161  4 

kandalaktha  .  16  4 

Kangaroo  1.     .  95  i 

Kangelang  85  3 

Kanin  No«s  C.  17  i 
KanneeuonganPt.81  4 

KaoiAvu  .        •  161  4 

Kao  I.      .        .  159  4 

Kapenouare  I.  173  3 

lUtrababa        .  33  1 
Karabournu  O. 

Asia  Minor  35  3 

Kanunan.  37  2 

Turkey    .  34  x 
Karadaiih  Bour- 

nou  C.  .  87  3 

Karachinsky  I.  114  3 

Karakukoa  3.  170  3 

Karakita         .  90  3 

Karamania     .  37  x 

Karang  Ht.     .  84  2 

—  Takat  85  3 
Karavi  I.  .  32  i 
baranrang  Ft.  84  2 

Kari-kari        .  109  i 

Karkl      .        .  36  2 

Karol.    •        .  33  I 

Kastro  TomeM  31  } 

KaUfangal.    .  160  3 

KatakoloG.    .  31  3 

Katang  Kk.     .  85  2 

Katchalll.      .  63  i 
KaterC.         .  117  3i4 

—  I.  .  171  3 
Ra-tlh-neaoa  I.  110  3 
Kitu  .  .  154  3 
Kattannle,  Bas  61  i 
lOittaro  .  .  80  2 
Kactoa,  Ras  .  50  3 
Kaiwyk  .  .  11  2 
KiiDai  .  .  170  4 
Kan  la  .  .  170  4 
Karahl  I.  .  15d  4 
Kaven  I.  .  178  4 
Kawa  Knwa  .  108  i 
Kawia  Harb.  .  109  3 
Kayoj  I.  .  .  161  3 
Kazantip  C.  .  86  i 
Kcatlani4  .  84  4 
Keata  Ft.        .  117  2 

—  Port     .  104 
Kebatoo  .       .  66 
Kedgeree        .  60 
Keelah    .        . 
Keeling  Is. 
Keen;ipou8saii  I 
Keerweer  C.  . 
Kefflng.  Gt.,  I. 
Kega  Ft. 
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Khania   .        .  86  3 

Khanzir,  Ras  el  37  3 
Kharamamouko- 
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Kilcradan 
Kilda,  St. 
Kildyiim  I. 
Kilidromi 
Kllios  . 
KillaU     . 
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Knuckle  Ft.    .  109 

Knysna  K.       .  46 

Koamaro  G.    .  107 

Kodiak  I.         .  152 
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Koomlsangl.  .  110 
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Ko-simaL       .  112 
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Labenki  I.       .  83 
Labiche  I.       .91 
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Labuan  I.        .  75 

LacadiTe  Is.    .  55 
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Lamarck  I.  .  104 
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Lancaster        .  3  3 
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LangleB.        .    113  4 


Lamaca 
Lame  Rk. 
Laseine  Is. 
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Latta  Is.  .      90  2 
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Laurel 

—  Shi.  .  82  2 
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Laurie  I.  .141 
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Laurot  Is.  82 
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Lazaro,  St.,  G.  148 
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Leaf,  Pulo  .  65 
Lebany  B.  .  82 
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Lebida  .  .  88 
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Leeuwin  C.     .  93 

Leeward  Is.     .  131 

Leewarden  Sbl.  89 
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Lefouka  I. 
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Legai'to  Ud.    . 
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106 

Leghorn 

26 

Legiep  Is. 
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Le  Grand  G.  . 

93 

Leguwan  I.     . 
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Leith       . 

6 
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L^on,  Grand,  Rk.  19 
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—  Is.       .116 

—  Port  .  116 
Lepanto  .  .  31 
Lepers  I.  .  164 
Lepreau  G.  .  123 
Lepsina  I.  .  32 
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L«nina  I.  SO 

Leaaoe  I.  11 
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Lesueur  C.  .      93 

—  I.  .     104 
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Leton  Rkf.  41 
Le-tsin  .  110 
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Leiibu  R.  .144 
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mockt  .  7S 

Leucuiig  I.  .110 

Levanso  L  .      27 

Levcn  i.  .      48 
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Leyden  .  .  II 
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Libarran  L  .  81 
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Libby  I.  .  .123 
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LicbtenfelB  .  115 
Licoea  C.  .  27 
Lido,  Port  29 
Lien  Cbew  .  70 
LieskoT  I.  .141 
Lighthouse  Rf.  133 
Ligltan  I.  .81 
Liguanea  I.  .  94 
Llgnano,  Port  29 
Lihou  C.  .  19 
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LimassDA  J,  .  79 
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Liinbarra  Pk.  26 
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Limerick  .  8 
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Grec.  Arch.    87 
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Connecticut  125 
Caspar  St.  65 
Hudson's  B.  119 
New  BriUin  166 
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49 
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Low  I. 
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Lucas,  St.,  C.  148 
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Lydia  I.  168 
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N.Zealand    107 
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—  Hook  17 
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Magoari  C.      .  137 
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24 
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9 

Maine      . 

123 
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19 
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48 
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24 
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48 

90 
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MakrinoMt.  . 

81 
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Makumbal.    . 

48 
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Q.otGmoB 

k   24 

147 

Malabar  Coast 

59 

Malaooa  •       .     62 
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Mai  di  Vetro  .  26 
ftialdire  la.  55 
Maldonado  .  140 
Male  AioU  .  66 
MaleddamPt.       36 

Ma1fatana.PMt  95 

MalinUd.       .  9 

Malivi              .  156 

MalUwaUee  L  81 
Mallioolk>L 

New  Hebrides  164 

8.  Pacific    .  164 

Malliaon'sL    .  103 

Malmo             .  15 

Malo,  St.  19 

Maknra    .       .  96 

—  I.  .63 
Malom  .  •  14 
MalpeloL       .  169 

—  Pt.  .  146 
lialU  28 
Mamalal^e  I. .  86 
Mamhahenanan  60 
Mamburao  SL  76 
Biammetle,  W.  70 
Mamori  C.  .  169 
MamparaPt.  .  74 
Manal.  .       .  108 

—  Ft.        .43 

—  R.  .137 
Manaclea  2 
Manado  .  83 
Managua  Papa    128 

Manama  64 
Manambatoo  To.  49 

—  YilL4» 
Manamoo  L  .  76 
Mananhar  49 
ManaparPt.  .  69 
Manaa-wari  L  169 
ManbyPt.  .  151 
Mancap,  Pulo  88 
MandaUkeL  .  84 
Mandarin's  Cap  71 
MandharC.  .  62 
Mandinga  .  135 
Mandvee  56 
Mandri.Port  .  32 
Mandro  I.  86 
ManfWwIonia  .  88 
Manga  .  .  153 
Man^L  .  157 
Mangaloonl.  .  76 
Mangalore  59 
Manga  Monl  L  108 

—  Mi.  109 
Manglares  Pt.  146 
Mango  I.  .  160 
Mangrore  Pt.      128 

Maagsf  la.  75 

Mangttinha  Pt.  138 
Manguirin,  Port  76 
ManheganL  .  123 
Manhli  .  .  154 
Manicani  I.  .  78 
Manilbld  C.  .  96 
Manila    .  76 

Manipa  I.  88 

Manna  Pt.  .  64 
Manning  Pt.  .  117 
Mannu  C.  85 

Manoel  RodrigHea 

Shi.  .  .  170 
BlanoelO.  48 

—  LoUShl.  38 
ICan-of-War  B. 

Bahamas  •    1ST 

Vliginla.    180 
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Minono  f .  .  168 
Manook  Blanook.  80 
iUnoombingHm  65 
Mftnooroo  49 

Manonrmn,  Pido  91 
Manovolko  I.  .  88 
Manaflddl  .  119 
—  8hL  84 
Maa<mlar  Is.  64 
Mantalwgom  Mt.  75 
Kanua  I.  .  158 
Mannc  Manca.  80  4 
Manukau  Harb.  109 
Manuwangi  154 

MaiiTers,  Port  119 
Manxa,  Fta.  .  25 
ManzanillaB.      147 

—  Cays  128 
ManzanUIa  Pt. 

Panama   .    135 
Venesaola    186 
Maouna  I.       .    158 
Hapare  I.  57 

Maplin    .  8 

Maraca  1.  .  137 
Bfaracajbo  .  136 
Marakl  .  .  169 
Bfarambaja  I.  189 
Slaranham  .  138 
Marargitt  C.  .  25 
Marathon  C.  .  32 
Harathonisi  .  31 
Blaratua  I.  .  81 
Marble  I.  .  119 
Marblehcad  .  124 
Mar  Ghiqolto  140 
Martm,  St.,  C. 

Sardinia  .      25 

SicUy  27 

Marcos.  St.,  Port  138 

—  Pt.  129 
Marooafls.  18 
Marcus  I.  .172 
Mare.  Pt.  delta  28 
MareseotMt.  .  165 
Maret  Is.  .  104 
Margaret  I.  .155 
Margaretal.  .  178 
Margaret's  B.  122 
Margarita!. 

CaUlbmU     148 

Cumaoa  .    136 

Margate  1 

Maria  C.         .    114 

Maria  di  Leuca, 

St.,  C.  .      28 

Maria  I. 

G.ofCarpenttOa 

LowArchlp.  154 

V.Dieman*sL.  97 

Maria.  8U..  O       22 

—  1.        144 
MariaTheres  Rf.l57 
Maria  Van  Die- 
men  C.         .    109 

Marlagalante  .  131 
Mariana  Is.  .  172  2 
Bfarieaban  I.  .  78  3 
Maricas  Is.  .  139  z 
Marie  Louise  I.  56  z 
Mariel,  Port  .  128  & 
Marienlenchte  12  1 
Maridre.  Pulo  175  x 
Marigot.Fort  131  i 
Mariguanal.  .  127  3 
Marinduque  I.  78  3 
Marino 

>-      San    .     29  % 
Marion  fc  Croset's 

Is.  .     58  2 

Maritime  I.  .  27  4 
Mariupol  86  1 

Mark  House  .  60  x 
MarkX  St.  '  132  i 
Marka  .  .  50  4 
Markana  Is.  .  SO  s 
Markenl.  .  11  2 
Markoe  .  .  16  4 
Marlborough  O*    64  i 

MaiiwiMiB  HA    • 

mmnam^^  BV  i 

Marone  or  Cad-  ^ 
musl. .       .    154  3 


Marmora  I.  .  34 
Marmoriee  37 

MaroRf.  .  171 
Maronea  33 

MarowyneR. .  137 
Marqueen  Is.  .  164 
BlarquesaPt.  .  41 
Bfarqnesas  .  156 
Blarquls  de  Tr»> 

Terse  Is.  .  141 
Marquis  of  Huni- 

lyBk.  .  56 

Marsa  Boureigah  38 

—  Labeit  .      38 

—  Ougrah       38 

—  Bousa   .      38 

—  Zafran       38 

—  Zeitoun  39 
Marsala  .  27 
Maraden  Pt.  .  95 
Marseille  .  23 
Marsh  C.  .  165 
MarshaU  43 

—  Is.  ,  172 
Marstrand  Lt.  15 
Marta.  Sta.  .  .    135 

—  C.  140 
Martaban  61 
Martahoolah  Pk.  48 
Martha's  VIney.  124 
Bfartin  de  Biar- 
ritz      ..      20 

Martin,  St.,  C.      24 

—  CoTel48 
Martin,  St.,  I. 

Araoan  60 

Leeward  Is.  131 
Martin,  St.,  Port 
Africa  46 

France  .  20 
Bfartln's,  St. 

Seillyls.  .  2 
Martin  Vas  .  45 
MartinesPk.  .  41 
Martinique  .  131 
Martyr's  Is.  .  174 
Mama  I.  .  156 
Marute*  .    154 

BAary  Ann  I.   .      57 

—  ShL  86 
Mary  Jones  B.  1 16 
Mary.  St.  O. 

Madag.  .  48 
Newfd.  .  120 
New  Ireland  166 
Nova  Scotia  122 
R.Plate  .  140 
Senegambia  42 
W.  Africa       45 

Mary.  St.,  I. 

Asores  41 

Madag.     .  49 

S.  Africa  .  47 

Seillyls.  .  2 

Mary,  St..  Rks. 

Labrador  .  120 

Malabar  Coast  K9 

Mary's  B.        .  106 

BAavyport  3 

MaaaftieraT.   .  154 

Masarandupio  M.  1 38 

Masbate  I.  78 

MaselU   .  88 

Bfason.  Port    •  107 

Maspa  Pt.       .  136 

MassachoseCts  124 


Maanrina  L  .  29 
MasK  I.  .  .156 
Maasowah  I.  .  51 
Masthead  Islet  98 
MasUo  Pt.  .  127 
Hasulipatam  .  60 
Mataatu  Harb.  158 
MaUbella  Is.  .  88 
MatagordaPenfai.  1 32 
Matalna  .       .    155 

MatalqniG.  .  144 
MMaoMwia.    106 


Matanal.        .  113 

Matanani  Is.   .  75 

Matandumatue  78 

MataniUa        .  126 

Matansas         .  128 

Matapan  C.     .  31 

MatATo    .        .  23 

Hatchlan         .  90 

Mateemo  I.     .  48 

Matelotaa  Is.  .  175 

Matemillas  Pt.  128 

Mathew,  St.,  I.  153 

Mathew's  I.     .  162 

—        Rk.  162 

Mathias'  I.      .  166 

Matia               .  155 

Matifou  C.       .  89 

Matilda  I.        .  154 

Matinicns  I.    .  123 

MatoundaPt. .  48 

Matsou  I.  72 

Matthew  Pt.  .  19 
Matthew's.  St..  I.  61 
Blatthew's,  St.,  Is. 

Philippines  86 

Mattos,  I.  dos  .  48 

Matty  I.  .  167 
Matuku  I.       .161 

Matura    .  59 

Maude  Rf.       .  93 

Manger  Cay    .  134 

Maul  .  170 
Blauiti     .        .155 

Manki     .        .  1.^7 

Maulamat  L  .  77 
Maule  R.         .144 

Maulmaln  61 

Maunhan^  Pt.  48 

Maupiti  I.        .  156 

Maura.  Sta.     .  31 

Mauritius        .  58 

Maurisio.  Port  24 

Mausoleum  I.  166 

MayC.    .        .  125 

—   L     .  6 


Maya 

MayaguesB. 
May6  Mt. 

Mayo 

—    Pulo 
Mayor  C. 
Mayotta  . 
Maysi  C. 
Mayumba  B. 
Mazagan 
Masaltan 
Macecwy  I. 
Macelra  I. 
Mazlmba 
Mazxara 
Mbenga  I. 


Meangis  Is.     .  90 

Mccatinals.  .  120 
Medano  I.        .128 

—       Pt.      .  140 

Medas  Is.        .  23 

Medemblik  11 

Mednoil.         .  114 

Medrano  Rks.  140 

Meedenblik     .  82 

Meek  Pt.         .  92 

Meganom  C.    .  34 

Megara  .  .  32 
MehedU 

Afirica,N.W.  42 
Mehediah 

Barbary   .  38 

Meh-heb-bakah  51 

Meia-co-si-mah  109 

Meichow  I.      .  72 

Meklong  R.     .  67 

Mel,  I.  do        .  139 

—    Pt.  do     .  138 

Melamo  C.      .  48 

Meloncias  Mt.  138 

Melbourne  Oba.  95 

—         L  ,  117 

Mele,      de  la  24 

MeledaL        .  30 


89  3 

130  2 

137  3 

41  3 

86  I 

21  X 

49  3 

127  4 

45  2 

42  2 

148  I 

50  2 

53  2 

48  2 

27  4 

161  4 

I 


Melllla    .       .  8&4 

Meilnda  .       .  50  2 

Melluh  Cays  .  101  4 

Melmore  Pt.   •  93 
MelTille  C. 

Australia  100  i 
S.  Shetlands  141  4 
Melville  I. 

Australia  104  x 

Barrow's  St.  116  2 

Low  Archip.  156  i 

Melville  is.  &  B.  103  3 

—  Penins.  118  4 
Melville.  Pert 

Loochools.  110  X 

S.  Africa  .  47  2 

Memel     .        .  12  4 

Memory  Rk.   .  126  4 

Menai  I.          .  50  x 

Mendanal.     .  164  3 

Mendocino  C. .  149  2 

Mendosa  I.      .  71  4 

Mentchikolf  Is.  173  I 

Merat  I.          .  168  3 

Mercury  B.     .  108  3 

—  1.  .  46  I 
Mercy  B.  Aictlo 

regions        •  116  2 

Meredith  0.    .  142  2 

Mergui    .       .  61  3 

Merite  L         .  166  4 

Merjee  R.       .  59  2 

Merlera  .        .  30  4 

Mermaid  Shi.  105  2 

Meroe  I.          .  63  2 
Merope,  S.  Shi. 

China  72  i 

Ind.  Arch.  75  4 

MertensC.      .  114  3 
Mesa  de  Dona 

MarU  .        .  145  3 

Mesa,  I.  de  la .  79  i 

—     Pt.         .  22  3 

Messa  R.         .  42  2 

Messalonghl    .  81  2 

Mentna  .        .  27  2 

MesuradaC.   .  43  3 

Metcalfe  I.      .  61  4 

Metchlgnie  B.  1 14  4 

Methaua          .  32  2 

Mevenklint     .  17  4 

Mew  B.   .        .  64  3 

Mewstone       .  96  3 

Mexlanal.      .  137  4 

Mexico    .        .  133  I 

—  Pt.  .  145  3 
Mezillones  Mt.  145  x 
Meyo  .  .  90  3 
Mesen  .  17  i 
Messalona  Pt.  29  2 
Miadi  .  172  3 
MlataOkIs.&8tr.  110  3 
Michael,  St. 

Azores     .  41  x 

Philippines  80  3 

Michael,  St.,  Bk.  80  4 

—  O.   147  X 

—  Mt.  23  4 

—  —  2  2 
MicheU  St.,  Mt.  19  2 
Miculle  Rf.  .  67  3 
Midday  Rf.  .  101  3 
Midway  I.  .  171  i 
Middolburg  .      11  x 

—  L.      91  3 
Middle  I. 

Sumatra  63  4 

Mergui  Arch.    62  i 

Recherche  Arc.  93  4 

Mlddleton  C.  .    165  2 

—  Pt.       60  3 

—  Rf.      158  X 

—  Shi.  101  2 
Miguel,  San.  B.  78  i 
Miguel,  San.  I. 

Admiralty  Is.  167  l 

Mezloo      .    149  x 

Mikhailofl      .    160  x 

MUoolkin  0. .     17  i 


Mllazzo  C.      .  98 

Milestone  Rk.  61 

Mileto     .       .  28 

Mllford    .        .  3 

—  Haven  106 
Milla  .  .  55 
Mills  Is.  .  .  118 
Milner  .  .  94 
Milo  .  .  32 
Mlk>radoTitoh  I.  155 
MinR.  .  .  72 
Mindanao  L  8C 
Mindoro  .  7t 
Minerva  Cay  .  128 

—  I.  .  154 
Minerva  Rf . 

Low  Archip.  154 

8.  Faciflo  .  159 

Minerva  Rk.   .  76 

Mingan  Is.  121 

—  Patch  121 
Minicoy  .  .  55 
Minorca  .  .  24 
MinoSimaL  .  112 
Mlnow  I.  .  49 
Minquiers  Rks.  19 
Minstrel  Shi.  .  105 

Minto  HiU      .  82 

Miramichi  B. .  121 

MiraporvoB  .  127 

Blirik  C.  .  42 
Mhrs  B.    .        .71 

Mirsa  Helaib  .  51 

MlsakiC.        .  112 

Miaamis  .        •  80 

MisoowL        .  121 

MIseno  C.       .  26 

Misery  Mt.      .  131 

Mispalu  Is.      .  169 

Misratah  C.    .  38 

Mississippi  R.  132 

Mlsteriosa  Bk.  184 

MitePt.  .        .  148 

Mitchell  Orp.  159 

Mtti6roL        .  157 

Mitre  C.          .  17 

—  I.  .        .  162 

—  the  .44 
Mitylene  .  35 
MisenUd.  .  8 
Moa         .       •  87 

—    C.    .        .128 

Moala  L  .       •  161 

Moar  Mt.        .  62 

—  Pulo  .  90 
Moarree,  Ras  .  55 
Moarro  I.  .  74 
MobUe  .  .132 
Mocamba,  Port  47 
Mocha  52 

—  L  .  144 
MoooMooo  64 

—         Pt.  137 

ModesteL       .  Ill 

Modon     .        .  31 

Mododa  I.       .  156 

MoelaLu  .  139 
Moen  I.  .        .12 

MofTen  I.         .  17 

MogAdor         .  42 

Moghady  L     .  51 

Mogroog  L  •  174 
Mogotes  Pt.  .140 
Mohammed.  Ras  52 

Mohillah          .  49 

Moikepoii  Beae.  13 

Moilah     .        .  52 

Blokau  R.        .  109 

Moko  hinou  Is.  108 

Mokungai  I.  .  161 
Mola 

Adriat.     .  28 

Italy         .  26 

MolaC.  .       .  24 

MoleL    .        .  167 

Moleqnes        •  IIB 


Molfetto. 
MoanoPt. 


23 
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Molky  Rks.     .  69  i 
Holler  I. 

LowArcUp.154  4 

N.  Pacific.  171  I 

Uoller,  Port   .  1&2  4 

Molokai  .  170  3 

Molonta  I.       .  30  s 

Moloque  Atoll  66  I 

Molynenx  Harb.  107  1 

Moma  Bk.  47  4 

Mombasa        .  50  x 

Monal.  .  130  X 

Motiaoo   .       .  S4  X 

Monastir         .  38  4 

Monat  Pt.        .  90  I 
Monchique  Mtiu.  29  i 

Monckton  Fort  121  3 

MoncflBur  Is.   .  95  4 

Mondego  C.     .  21  4 

Mondigo  Mt.   .  21  X 

Mnndoleli  I.    .  44  3 

Mondrain  I.    .  98  3 

Mtinemvosia    .  S2  i 
Mnncy  Shi. 

N.  Australia  103  4 

K.W.  Austral.  105  4 

Monfaloone     .  29 

Moiifeea  I.       .  50 

Monganui  Harb.  109 

Mong6  Mt.       .  22 

Mongon  C.      .  ISO 

—  Mt.  .  146 
Mongulho  R.  .  48 
Moiwch  Is.  .  5 
Monito  I.  .  130 
Moi^Jes    .        .  136 

Monk  Rk.       .       6 

Monkonnishy  I.  1 13 

Monmouth  I.  .  77 

Monneron  I.    .  113 

Monodendri     .  86 

Jtfonolitho  C.  .  86 

Monomy  Pt.    .  124 

Monopin  HiU  .  65 

hlonopoll         .  28 

Monrovia        .  48 

Monsi&  Mt.     .  28 

Montague  C.  .  143  4 
friontagne  I. 

Australia   .  97  4 

China  73  x 

New  Hebrides  163  4 

Buss.  Amer.  151  4 

Sondtnch  Is.  141  x 

Montague,  Port  166  3 

—         Rks.  31  3 

Montalivet  Is.  104  4 

Montaran  is.  .  66  i 

Montauk  Pt.    .  125  i 

Mont  de  Trigo  139  3 

Monte  AltisNmo  26  x 

Moniebello  Is.  106  x 

Mon^e  Cbristi  B. 

jt  Rk.  .  129  3 

Monte  Circello  26  3 

-  Junto  .  21  4 

—  Moreno  139  i 
^     Stello  .  25  4 

—  Ventoeo  SI  x 
Monte  -Video 

China       .  73  4 

Patagonia  141  i 

A.Plate    .  140  i 

Montecristo  I.  26  x 

Montego  B.     .  129  i 

Monterey        .  149  i 

Montererde  la.  173  4 

Montgomery  Is.  1 10  x 

MoDtpclier  23  3 
Montrose  6  3 

MontsPt.        .  121  I 

Montserrat     •  131  x 

Montuosal.    .  147  x 

Monty  C.         .  113  3 

Monument  1.  .  163  4 

Moose  C.        .  55  I 

Hoolegee  la.    .  80  4 

MMr  L   .       .  171  X 


Moore  Pt.  .  92 
Moose,  Fort  .  119 
MooUpiUy  8hl.  60 
Mopelia  .  .156 
Mopiha  .  .  156 
MorantCayi  •    129 

—  Pt.      .    129 

—  Port  .  129 
Morea  Castle  .  31 
Moreno  Mt.  .  145 
Moresl^Pt.    .      50 

—  Port .     92 

—  I.  ,  168 
Moresses  82 
MoretoD  C.  .  98 
Morgan  C.  .  47 
MoriartyBk.  .  96 
Morjovets  I.  .  17 
Morlaiz  .  .  19 
Mornington  I.  103 
Morocco  .  39 
Morotirils.  .  108 
Morotoi  I.  .170 
Morrison  Mt.  .  74 
Monro  chioo   .    146 

—  dePaercoel47 

—  diPopooO.  27 

—  I.  .    136 

—  of  Baroel.  136 

—  ofSama    145 

—  ofSelba    133 

—  Pt.         .     145 

—  San  Juan  139 

—  Solar    .     145 

—  St.  Paulo  138 

—  Tibao  .  138 
Monroe,  Pt.  delos  133 
Mort  Pt.  .  2 
Mortigliano  Pt.  26 
Mortlock  Is. 

Caroline  Is.  173 

S.  Pacific      164 

Morty      .        .      90 

Moruptange  Lt.  15 
Moeall.  .  .  50 
Moscos  Is.  .  61 
Mosque  Pt.  .  60 
Mosquito  Lagoon  42 

Mostaganmn   .  39 

Mostaxa          .  39 

Motane           •  156 

Mother  Rk.    .  137 

Motir              .  90 

Motott-aro  C.  109 

Motouheka  I.  108 

Motouhora  I.  108 

Moton-iti         .  156 

Motou  Kawa  Is.  109 

Motril      .  22 

Motutung^  154 

Moudiuga  I.    .  17 

Moudros          .  34 

Moul  Ud.         .  5 

Mount  C.  h  B.  43 

Monrache  C.  1 15 

Mourcheflo     .  84 

Mourillen  Grp.  174 

Mourondava  .  48 
Mourovia  .  43 
Mouaa  I.  .       5 

Mouse  I.  .    167 

—  Lt.  .  8 
Mowee  I.  .170 
Mowna  Roa  Mt.  170 
Mozacar  .      22 

Mozambique  .  47 
Moze  I.  .    160 

Muke  I.  .       4 

Mttcksa  C.      •      54 

Mugeresl.  .  133 
Muiron  1.  .106 
Mul^Je  .  .148 
Muletas  Archip.  135 
Mulgrave  Fort  96 
-~  Is.  172 
—  Fort  151 
MuU  Hd.         ,       b 

—  L  .4 


Muln  I.           .  88 

—    Mt.         .  74 

Mumbles  Lt.  .  2 

Mumbolithe  Rf.  16 1 

Muncoda  Pt.  .  65 

Mundanny,  Ras  54 

Munro  Mt.       .  96 

Murcielagos  I.  80 

Murder  1.        .  48 

Murderer's  B.  48 

Muro  C.           .  '/5 

Murot  Hill      .  50 

Murr  Is.          .  120 
Murray  I.        .165 

—  Is.      .101 

—  R.  .  95 
Murray's  Sound  1 1 1 
Murry  Is.  .  141 
Mnsa,  Port  .  77 
Mttsgrave  Is.  .  173 
Mttshtfb, .  Ras  54 
Mushabeah  I.  52 

Musquillo  Is.  .  173 

Musquito  Cays  134 

~       Irlet  126 

Musquitos  Pt.  135 

Mussendum  C.  53 

Muta,  Pt.  de   .  138 

Muzon  O.        .  151 

Myconi  I.        .  38 

Myggeooes  I.  .  6 

Mypurra  L      .  60 

Bdysoic     .        .  89 

Mysoiy  I.        .  168 

Nabend,  Ras  .  54 

Nacascolo,  Port  147 


NadieJdaC.    .    112  4 
—       Rks.     Ill  4 
NagaeffC.      .    Ill  4 
Nagel  1.  .      16  4 

Nahkiainen  Shi.   14  x 
Nain        .       .119 
Nolrai  I.  .    161 

Nairsa     .        .    155 
Naitamba  I.    .    160  4 
Nakkehoved   .      12  a 
Nakutipipl      .    155 
Nalsoe  1.         .       6 

Nambu        Fort  112 

Nameqno  I.  .  48 
Nam-ki  I.  .  78 
Namoa  .  •  71 
—  I.  .72 
NamolipiflanGrp.  174 
Namolouk  Is.  173 
Namouka  .  159 
Namoun.  Orp.  174 
Namourek  Is.  174 
Namot^Ln  Islet  174 
Nam-quaa  .  72 
Namuka  I.  .  161 
Namurek  .  173 
Nancy,  Pulo  .  63 
Nanek  R.  .151 
Mangasaki  .  Ill 
Naoka  Is.  .  65 
Nankin  .    110 

Nanouki  .    162 

Nanoutl  .    162 

Nantes  .  .  20 
Nantucket  I.  .  124 
Nanuku  I.  •  160 
NaoC.  .  .22 
Napakiang  .  1 10 
Naples     .  26 

NapoU  di  Rom.  32 
Naraqjo  Port  128 
Narbonne  .    23 

Narborough  C.  148 
Narborough  I. 

Galapagos  169 
Patagonia  144 
Narcondain  ,  63 
Narcissus  I.  .  15A 
NareendaB.  .  48 
Nar)$en  1.  .13 
Narsapour     ,     60 


Nasca  Pt.        .    143 

Nash  Pt.  2 

Nash's  I.  .123 

Nassau     .        .    1x7 
Nassau  C. 

Brit.  Guianal37 

Nora  Zenilia  17 

Nassau  I.         .    157 

Nata,  La  .      33 

Natal  B.  64 

—  G.  fcPort  47 
Natashquan  Pt.  121 
Natunas  .  67 
Naturaliste  .  93 
NauO.  .  .  28 
Nausset  •  124 
NauUlus  I.      .171 

—  Rk.        32 

—  ShL  162 
NokrakB.  .  119 
Navalo,  Port  .  20 
NsTarin  C.  .114 
Navarino  ,  81 
Karasa  I.  .  129 
Navidad,  Port.  147 
Navigator's  Is.  158 
NavulaPt.  ,  161 
Nazos  I. .  .33 
Nasario,6t..Fort  20 
NaaarebhR.  .      45 

—  Pt. .  21 
Naie  Lt.  .  15 
Necker  I.  .171 
Needle  Rk.  .  96 
Needles  Lt.  •  l 
Negapatam  •  60 
Negombo  .  59 
Negrais  C.  .  61 
Negril  Pts.  .  129 
Negro  C. 

Brazil  .  189 
W.Africa  45 
Negro  R.  .  140 
Negropont  .  88 
Negros  I.  •  79 
—  Is.  .167 
Neiafou  .    160 

Neill,Port      .    117 
Nelson     .       «    107 

—  Port  .  104 
Nelson's  C.     .     95 

—  Hd.    .    168 

—  L  .57 
Nengo-Nengo.  155 
Nepeanl. 

&  Pacific.  156 
Torres  St.  102 
Neptune  Is.  .  94 
Nerva  .  .  13 
Nfetherland  I.  159 
Neuf,  De,  I.  .  56 
Neufalirwasser  12 
NevilL  .  .  17& 
Nevis  .  .  131 
NevislnkLts.  .  125 
New  Amsterdam  137 

—  Bedford  .    124 

—  Britain   .    166 

—  Brunswick  123 

—  Caledonia   163 

—  Dungeneas 

Pt.        .    149 

—  Grenada      135 

—  Guinea   .      91 

—  Hanover      166 

—  UaTen,U.8. 125 

—  Hebrides     103 

—  Ireland  .    166 
NewL 

Falkland  Is.  142 

Tier,  del  Fue.  143 

Now  Jersey     .    125 

—  London  .    125 

—  Orkneys      141 

—  Orleans  .    132 

—  Pt.Conifortl25 

—  Providen.1. 127 

—  S.  Shetland  141 
New  Year  I. 

Australia      103 

Marshall  Is.  172 

Mew  Year  Is. .     M 


New  York       . 

Itf  i 

—      —    I.  . 

170  S 

—    Zealand  . 

106  4 

Newark  I. 

11  1 

Newarp  . 

7  4 

Newbury,  Fort 

1S4  1 

Newcastle 

Australia. 

98  1 

England   . 

7  I 

Newenham  C. 

150  4 

119  4 

Newhaven 

1  3 

Newport 

England  . 

94 

Ireland     . 

9X 

Rhode  L  . 

IM4 

Newry     . 

10  I 

Nganaiti 

154  I 

Ngarik     .       . 

178  4 

Ngoowy  Pt.     . 

60  a 

NhaoL    . 

161  % 

NhatrangB.   • 

68  a 

Nias,  Pnto       . 

684 

NiauL 

Fe^}eels. 

160  3 

Low  Archip 

.155  1 

Nlcaria   . 

36  I 

Nice 

&4  a 

Nicero     . 

86  a 

Nicholson,  Post 

108  t 

—        ShL 

158  % 

Nlckerie,  Fort 

187  % 

Nioobar  Is.      . 

68  a 

Nioolao  Rf.     . 

128  X 

>-      St.,Port  83  ] 

Nicolas,  fit.     . 

41  X 

—        Gsi 

74 

—        I. 

149  I 

—         Mole  129  ] 

—         Pt. 

644 

Nicolayer 

W  3 

Nicolo,  St..  Mt. 

31  i 

Nicols  1.  . 

103  X 

Nicoya  G. 

147  X 

Niddingen       . 

15  % 

NledUi^en      . 

11  4 

Nielsen  Rf.     . 

1.^7  3 

Nieuport 

104 

Ni^tingale  I. 

Cochin  China70  3 

8.  Atlantic 

45  A 

Nightingale  Bks.  16  I 

Nihiru  I. 

165  % 

Niihan     . 

170  4 

Nikolai  Ft.      . 

116  4 

Nikolo,  St.      . 

82  I 

Nila 

87  4 

Nile 

38  1 

Nillandoo  Atolls 

56  I 

Nimrod  Grp.  . 

183  4 

Nimrod's  Entr. 

101   I 

Nine-feet  Rf.  . 

74  X 

Nine  Is.  of  Carte.  164  3 

Ninepin  I.       . 

484 

Ninepin  Rk. 

China       . 

71  4 

Indian  Ooean68  a 

NinfluPt.       . 

140  3 

NingPo  . 

78  3 

Ninipo  Ft.       . 

79  a 

Ninth  L  . 

97  a 

Nio  L      . 

324 

Nipa  Nipa  Ft. 

884 

Nipbon  L        « 

112  1 

NisaoPt. 

130  ■ 

Nitvndl    . 

164  a 

Niua-fu 

158  a 

Niua-Ubou-tab. 

158  a 

Niukalofk 

159  3 

Noarlnnga      « 

M  t 

Noble  L 

Australi* 

100  ■ 

New  Zealand  107  t 

Nor],  Port 

172  4 

Noesa  Comb* 

82  a 

—     Lent     . 

89  a 

—     Seras    . 

82  a 

1  Noefasaniva  Pt. 

89  1 

1  Nolr  C.    - 

laa 

1  Mounnoastier  . 

aoa 
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K^  Spit 

133  4 

24  % 

Ifonian*!  Land 

124  4 

Nona 

99  4 

Noncowxy  I.    • 

63  a 

Woo.  Rat 

1»  1 

Koowook 

153  X 

Nordskaren    . 

14  1 

NordvrykLt.  . 

11  a 

Nore  Lt. 

1  I 

Norfeo  G. 

23  2 

Korfolk  I. 

156  4 

—      Mt.    . 

96  a 

Norman  I. 

130  3 

North  Berwick 

64 

North  Bluff    . 

118  I 

North  C. 

- 

Amazon  • 

137  4 

Asia 

114  4 

Iceland    • 

18  I 

Ind.  Arch. 

75  3 

Norway    . 

16  3 

North  Dangar 

70  1 

North  I. 

Gargadoa   . 

W4 

Eastern  Arch.  64  4 

Seychelles 

67  1 

North,  Lord,  L 

176  I 

NorthumberL  C 

95  1 

—          InLn7  4 

—          Is 

98  4 

—           8hl.90  4 

North-west  I. 

65  3 

Norwalk  L      . 

125  I 

Norway  . 

IS  3 

—      Is.      . 

70  3 

NosheBanraooata49  i 

NossUd. 

Sbotland  . 

6  a 

Shetland  . 

6  4 

No«  Beh  I.     . 

484 

NoeaVehL     . 

483 

Noesa  Sen.,  Mt. 

81  3 

Nostra  Senhora  de 

Desterro 

139  4 

No-te-perderas 

Mt.       .        . 

133  a 

NotoG.   . 

112  3 

Nottingham  I. 

118  3 

Noun  G.  fc  B. 

42  3 

Nonp  Hd. 

5  J 

Nourse  R.        • 

454 

Nourelle,  La  • 

93  3 

Nova  Redonda 

45  3 

—    Scotia    • 

122  3 

—    Zemlia  . 

17  a 

Now  Chow     . 

71  3 

Noyshap  0.    . 

lis  4 

Nuala 

158  3 

Nuevo  Q.  fc  Hds 

.140  3 

Nugu  Ongea  Rf. 

160  I 

Nttkahiya 

156  3 

NukufiBtan 

159  1 

Nakulau  I.      . 

161  3 

NukttLemRf. 

160  4 

Nukomubasanga 

L          .        . 

160  4 

Nukonono 

157  a 

Numba  I.        . 

48  a 

Nuniwak  I.     . 

16S  I 

Nus,  Ras 

53  a 

Nusa  Baron  I. 

85  I 

-~    CambanganSS  i 

—    Nessing  . 

87  a 

—    TeUols. 

88  a 

Nuyts  Pt. 

93  1 

-     Rfc.      . 

94  I 

Ny  Garleby     . 

14  T 

Nyeborg  Lt.    . 

12  I 

Nygrund 

14  3 

Nybamn 

134 

Nysted     . 

134 

Oahn       • 

170  3 

Oaitapn  .       • 

159  a 

Oalan  I. 

173  3 

Oatafn    . 

157  a 

Oban       •       « 

4  a 

Obdonk 

115  I 

OblO.     .       , 

115  I 

Obispo    .       • 

133  3 

O'Brien  L  .    141  3 

Obyls.    .  .      68  I 

—  Pulo  .   89  2,3 
Ocean  I. 

N.Paciflcni  1,1732 

8.  Paciic  .     162  4 

Ocean  Is.  .    173  i 

Ocili  Harb.  .    164  a 
Ockseu  Is.  72  2 

Ocracock  Inlet    125  4 

Oddy  Sand  .      44  a 

OJemira  .      22  i 

Odensholm  .      13  i 

Odessa  .      84  3 

Oe,  Mull  of  .       4  a 

Oeno  I.    .  .    154  I 

Oetablas  I.  .      78  4 

Oflkk  Harb.  .      91  2 

Ofo-Langa  .    159  4 

OfooL     .  .    158 

OglePt.  .  .117 

Oheteroal.  .    157 

Ohoura  Mt.  .109 

Okatootala  .    158 

Okils.     .  .112 

Okosirl.  .    113 

Okotsk    .  .114 

Oland      .  .      14 

Old  Fort  L      .    120 

—  Hd.  .5 

—  Proprlet.Sh.l23 

—  Providence 
k,  Gatalina  Is.  134 

Oleliet     .  88 

Olenea  I.         .  160 

OlenskR.       .  115 

Oleron  I.         .  20 

Oli&nt's  R.     .  46 

Olimaraols.    .  174 

Olinda  Pt.       .  138 

Olive  L   .        .  94 

OllapL   .        .  174 

Olutaya  Islet  .  79 

OlutorskyG.  .  114 
Olympus  Mt. 

Asia  M.    .  35 
Oreo.  Arch.   33 

Oman  O.         .  53 

Orobay    .        .  87 

Ombrone  R.    .  26 

Omega  Shi.     .  65 

Ommanney  0.  15] 

Omoa              .  134 


Oneata  I. 

160 

Oneehow  I.     . 

170 

Onega 

17 

Onemene  R.    . 

114 

Ongea  I. 

160 

Ono  I.     . 

161 

—   Is. 

160 

Onoone  Islet  . 

174 

0ns  I.      . 

21 

OnUrio  Rf.     . 

66 

Ontong  Java  Is.  164 
Oofflitls.  .  118 
Oologan  Pt.  .  75 
Gomel  Orushe  51 
Oparo  I.  .    157 

Open  B.  .    108 

Ophir  Mt.  .  64 
Oporto  .  .  21 
Opotiki  .  .  108 
OraitUipou  Bk.  174 
Orau  .  .  39 
Orange  B.       .    143 

—  G.   .  137 

—  Gays  .  127 

—  Port  .   90 

—  I.   .77 

—  Pk.  .  142 

—  R.  .  46 
Orani  .  76 
Oran-Souarl  G.  168 
Orchila  .  .  136 
Oi*d  of  Caithness  6 
O'Reilly  L  .  117 
Oregon  .  •  149 
OrfordC. 


14  3 

21 
140 

29 
136 
112  4 


'  Orford  C. 

New  Britain  160  a 
Orfordness 

Australia  100  3 

Kngland  .  8  1 

Orient,  L'  .  20  i 

Orinoco  .  .  137  i 

OrisUno  .  25  i 

OrixabaMt.  .  133  i 

Orkney  Is.  .  53 

Orlando  G.  .  28  i 

Orlovsk    .  .  16  4 

Orme's  Hd.  .  3  a 

Ormsbee  Shi. .  91  i 

Ome        •  .  18  3 

Oroloug  .  .  173  4 

OrontesRf.  .  103  4 

OropesaG.  .  23  i 

Orotava  .  .  40  3 

Oi-ote  Islet  .  171  4 

Orrcngrund  .  13  3 
Orskiir  Lt. 
Ortegal  C. 
Ortiz  Bk. 
Ortona    . 
Oroba  I.  . 
O  Siroa  I. 

0%  IlheoB  .  138  4 

Osborne  G.  .  116  i 

—        Rf.  .  157  3 

Oscar,  Fort  .  131   I 

Osnaburgh  I.  .  154  3 

Osprey  Slil.  .  102  I 

—  Mt.  .  33  3 

—  Skerry  .  5  4 
Osteud  .  .  10  4 
Ostergamsholm  14  4 
Osterley  Shis.  65  4 
Oster  Yokel  .  18  x 
Ostro,  Pt.  .  30  2 
Otago  Pt.  .  107  a 
Otaha  1.  .  .  156  2 
Otaheite  I.  .  156  i 
OtcbakoT  .  34  3 
Otdia  .  .  172  3 
Otea  I.  .  .  108  4 
Oteavamea  .  156  a 
Otihi  .  154  4 
Otouhoo  I.  .  154  a 
Otoqiiels.  .  147  I 
Otou  G.  .  .  109  a 
Otranto  .  .  28  3 
Olway  C.  .  95  2 

—      Port  .  143  4 

Ouap  I.    .  .  174  4 

Ouda  R.  .  .114  1 

Oudou-oudon  109  x 

Ouessant  I.  .  168  i 

Ougamok  I.  .  152  a 

Ouleay  Is.  .  174  3 

Ouliouthyls.  .  174  4 

Oumnack  I.  .  152  2 

Ounalashka  I.  152  2 

Oimalga  I.  .  152  2 

Ounekotan  I.  .  113  2 

Ounimack  .  152  1 

Oura  I.    .  .  154  3 

Ouroup  I.  .  1 13  I 


Oyolava  • 
Oyster  B. 
I. 
—     Rks, 
Ozernoi  G. 
Osy  Pt.    . 


ie« 

97 
60 
59 
114 
60 


Outao      .        .      22  I 


Oval  Mt.  .  43  4 

Ovalau  I.  .  161  3 

Ovalu  I.  .  .  161  3 

Oven,  The  •  140  4 
OvoL 

Archip.  •  86  3 

Greece  .  32  i 

Owen,  Port  .  61  3 

—     ShL  .  68  4 

Owen  Lt.  .  1  3 
Owharree  Harb.  156  2 

Owhyhee  I.  .  170  a 

Owl's  Head  B.  123  3 

Oxia  I.    •  .  81  2 

OxtfLt.   .  .  15  3 


Pabbay  I.        .  5 

Pacasmayo  Pt.  146 

Pacence,  Ras  .  55 

Pachacamac  Is.  145 

Pacific     .        .  152 

Packer  Ort      .  13 

Padang  Hd.     .  64 

Padaran  G.      .  68 

PaddewayB.  .  87 
Paddipholo  Atoll  55 

Padre,  Port  del  128 

Padron  Pt.      .  46 

Pactetow  .        .  2 

Pagoda  0.       .  68 
—      I.         .72 
Pagoda  Pt. 

£.  Africa   .  50 

G.ofMarUbanOl 

Pagon  I.  .172 

Paguayan        .  76 

Paf(>-llao  I.      .  78 

Paihea  Mission  109 

Pailluri  G.       .  33 

Paiinboeuf       .  20 

P«jaro  I.          .  135 

Pa(janM  Islets  .  144 

Pak  Chan  R.  .  61 

PakefleldLt.  .  7 

Palabi  I.          .  77 

Palais.  Port  de  20 

Palaon  B.        .  76 

Palapa,  Port  .  78 

Palawan  I.      .  75 

Palazzo,  Port  .  30 

Palembang  Pt.  85 

Palermo          .  28 

—  Port  30 
PaliG.  .  .  30 
Pallnums  Rft.  52 

~        ShL  53 

PalUser  G. 

NewBritoln  166 

New  Zealand  108 

Palm  Is.          .  99 

Palma 

Canaries  .  40 

Majorca    .  24 

PalmajoU  I.    .  26 

Palmarola  I.   .  26 

Palmas    .  40 

—  G.       .  43 

—  I.        .80 

—  Pt.  .  133 
Palmer  Shi.  .  65 
Pahnerston  G.  99 

—          Is.  158 

Palmetto  Pt.  .  127 

PalmirasPt.   .  60 
Palmo  G.         .148 

Palmyra  Pt.    .  60 

Palmyras  I.     .  170 
Palomos  I. 

Africa  39 

Spain        .  22 

Palompfm,  Port  79 

Fakkpa     .  84 

PaloB               .  83 

—    G.  de     .  22 

Palumban  Is.  .  78 

Paman  G.        .  48 
Pamanoukan  Pt.  84 

Pamaroong  I. .  81 

Fampatan       .  136 

Pan  de  Azucar  147 

—  deGua\jaib.l28 

—  deMatanzaal28 
Panagatan  Shi.  76 
Panagia  G.  .  27 
PanagiaNisi  .  33 
Panama  .  •  147 
Panoon  I.  •  79 
FanariaL       •  87 


Paii«y  I.          .  79  I 

Pancba  I.  211 

Pandaglran     .  80  I 

Pandan  Pt.      .  76  2 

Pandora  Entr.  01  I 
Pandora  Rf. 

Solomon  Is.  1G5  3 

6.  Pacific  1G2  I 


PanganI  Ft. 


Panghu  I 


48  2 
74  I 
Pangootaran  .  81  I 
Pango-Pango  .  158  3 
Fai^ang,  Puk> 

G.uf  Siam       68  I 

Java,  N.  Coast  84  3 

New  Guinea  1G8  4 

N.W.ofBanca66  2 

Pai\}ang  I.       .      84  4 

PankaPt.        .      84  3 

Pantai  R.        .      81  4 

Pantar     .        .      87  I 

Pantellarial.  .      28  1 

Panumbangam      66  i 

Pao  Mt.  .        .      48  I 

Papal.  .  .344 
Papado  B.  .  144  4 
Papas  G.  31  3,  36 
Papeete  Harb.  156 
Paposo  .  .  145 
Paps  of  Bio  Bio  144 
PaquiquiG.  .  145 
Para  .    137 

ParaccaViU.  .  145 
Paracels  .      7 1 

Parahyba  R.   .     138 

—  doNor.R.138 
Parallel  Pk.  .  143 
Paramaribo  .  137 
Paramatta       .      98 

Paranagua  B.  139 
Parang,  Fulo 

Ind.  Arch.  89 

Java  Sea  .  85 

Parasan  I.  79 

Parcelar  Hill  .  62 

PareceVela    .  171 

Paredes,  Pi.  de  21 

Parenzo  .        .  29 

Parga      .       .  30 

Pargo  Pt.         .  40 

Parigy     .        .  83 

Farina  Pt.       .  146 

Paris  18 

Parmesang  Hill  65 
Faros  I.   .        .33 
Parry  G. 
Amer.N.Goastn7 
Greenland  .  1 15  2, 

Parry  I.          .  157 

—  Islet  .  173 
Parry's  Grp.  .  171 
Partridge  I.     .  123 

Fasanhan  81 

Pasha  Harb.  .  34 
Fasley  G.  .93 
PassChrlstianLt.132 
Passado  C.  .146 
Passage  Bk.  .  166 
Passage  I. 

Banda  Sea     87 

Fiji  Is.  161 

Madagascar    48 

Philippines     90 

S.China  .      71 

S.E.  China     7*2 

Sumatra  .      63 

W.  Indies      130 

Passage,  Port .      20 

Passamaquod.  B.  123 

Passandava  B.      48 

Paasaro  I.  27 

Passarouan     .      84 

Passe,  I.  de     •     57 

Pasder    .       •     81  4 

Paasig  L         .Ms 

Pai^yO.         :     ttt 
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Pata  .  .  81  1 
Patagonia  .  140  4 
Pauheoook  I.  73  z 
Patani  ft  C.  .  67  4 
PatchiUn  B.  .  85  i 
Patchuaan  I.  .  109  4 
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S.E.  China   73  ) 

Tingy,  Pulo    .  66  4 

Tiimosala.  70  4 

Tfailan  I.         .  173  1 

Tinker  Rk.     •  73  | 

Tino  I.    .       .  36  I 

TlnoB  I.          .  83  a 

Thuao  O.        •  83  3 

TlBlagei  8  1 


TlokM 

155  1 

TtanpaaHd. 

ft  a 

Tlouters 

IS  1 

Tinhn  Is.      . 

M  a 

TlrandielB.    . 

88  a 

TIreyL 

4  f 

Tlritaa 

163  i 

Titan  L 

34  V 

TitangonyaL 

48  t 

TmerHd.      . 

16  t 

Toan 

185  I 

Tobacco  Mt.  . 

43  f 

Tobago   • 

137  1 

To-dool. 

Todos  Santos  B 

.  148  4 

ToftiaL 

159  4 

—    Ml. 

186  4 

Token  Bessys 

66] 

TokoleboB.    . 

107  3 

Toku  L 

160  1 

TokumalouB. 

108  a 

TolaL     . 

80  s 

TolagaB. 

108  a 

Tolboukhin 

13  a 

Tolmettah 

38  a 

Tolstoy  C.       . 

tA3  1 

TomamoyO.  . 

113  t 

Tomelinl.      . 

174  4 

Tomkins,  Fort 

135  I 

Tom  Shot's  Pt. 

44  £ 

Toncon  Mt.    . 

71  I 

Tonga  Is. 

159  3 

Tongatabon  I.. 

159  1 

Tong-tingl.   . 
Tonin  C. 

73  3 

114   1 

—    Is. 

86  a 

TonnerrePt. . 

163  a 

Tonqnln  G.  It  B 

.70  3 

TonsangHarb. 

73  I 

Tooynls. 
ToodBataha  . 

83  3 
80  3 

ToqJooPnlo    . 

66a 

Toor 

88  I 

Topolo-polo  C.  108  ■ 
Toppers Hoo4|leI.88  3 
Torat  B.  .  106  4 
Tortilomskar  15  3 
Torlnana  SI  3 

Torment  Pt.  .  105  a 
Tomea  .  .  14  a 
Tomgnmd  .  13  4 
Toro  Pt.         .    135  3 

—  Rk.  .  85  a 
Torpgyla.  .  118  1 
Torquay  I  4 
Torr  Pt.  •94 
Torre  del  Greeo  96  4 

—  della  C.    168  a 

—  dellaTaatoSS  3 
Torrens  Mt.  .  95  1 
Torre  Nueva  .  33  a 
Torres  I. 

Caroline  Is.  I>4  i 

Hudson's  B.  119  i 

Torres,  Port  .     34  4 

~     Straits    103  a 

—  Gt.West.  61  4 
TonteeOi  Mia.  168  a 
Tortola  .  .  180  3 
Tratosa 

Spatai       .     S3  I 

TortagaL 

Onmaaa      .  W  3 

G.orCaliftmlal48  a 

St-Domlaio  139  3 

Tortaga  Shla.  118  4 

Tortane        .  136  4 

^Tory  Channel  107  | 

—  1.  9  I 
TosaC. 

Spain       .     38a 

TotoU  I.        .    160  a 

To^,  Pulo  66  I 

TonaBianadoL  88  a 

^  NaiaL        88  a 
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ToabalL  .  IA6 
IVNiboittl  L  .  IfiT 
ToueqaM  •  18 
Tba^tou^  .  164 
ToahooA  I.  .  106 
Tonkoakomai  I.  66 
Toulon  .  .  83 
Toopou*  I.  .  164 
Toaqnet  Pt.  .  18 
Toora  Kin  O.  108 
Toiiri  C.  .  16 
Toral.  .  .  140 
~  Rt  .160 
Tower  I.         .      86 

—  Rkt.  .  143 
Toiren'  L  .  169 
Town  Pt.  .  108 
Townahand  C.      98 

—         FortltO 

Townabeiid  Harb. 

Maine*  U.  8. 1S8 

8.  Amarioa  143 

TraeyL  .    169 

TradaTown  .     43 

TrafUgarC.  .     n 

—       Mt.     106 

Traill  I.  .    116 

Traitor's  Hd.  .    163 

—  la.  .  168 
Tranen  la.  16 
Tranl  98 
Trano  I.  16 
Tranquebar  .  60 
Trapaid  97 
Traps  .  107 
Traa  30 
Treasury  Is  .  166 
Trebizonda  .  36 
Treble  I.  .  74 
Tree  I. 

Aracan  61 

E.  Arch.     66  l, 
TreePt. 

Australia      104 


Trott  I. 


.     47 


Tregrosse  Islets  101 
Treguler  19 

Tremiti  Is.  .  98 
TremouUle  Is.  106 
Tr*port  18 

Tres  Forcas  C.     39 

—  Irmaos   .    138 

—  Marias  Is.   148 

—  Monies  C.  144 
Trourenberg  .  17 
Trarandrum  .  59 
Trevose  Hd.  .  9 
Triages  19 
Triangles 

O.  of  Mexico  133 

Macassar  Str.  83 

TriboU    .        .      36 

Tribulation  O.      99 

Trichlndore    .     69 

Trieste  89 

—     I.        .64 

Trikeri  I.  38 

Trinoraaalee  .      60 

TrindelenLt.       11 

—        8hl.     13 

■ 

TrlnganyE,  .  67 

Trinidad 

Cuba        .  138 

K.  AtlaaUc  136 

Trinidad  L 

8.  Atlantlo  46 

Trinidade  Mt.  60 

TrlnitjC.JtL  168 

Triple  I.         .      73 
Tripoli 

Africa      .      38 
Sjria  37 

Tristan  d'Aconha  46 
Triton  B.  .  91 
—  L  .71 
Trobriand  Is.  167 
Troja  a  .      86 


Tromiriin  L    •  56  4 

Trompetto      •  37  i 

Tromsfie         .  16  3 

Troodhiem     .  16  i 

Tronta,  Pt.  del  88  ) 

Tropes,  St.  84  i 

Troubadour    .  105  4 
Tronbridge  HUl   94  4 

Trongfatonl.  104  3 

Troup  Hd.      .  6  1 

Tronwersl.    .  86  i 

TmantL        .  103  3 
Truzillo 

Honduras  134  % 

Peru         .  146  & 

Tryal  Bka.      .  106  3 

Tsaregradakoe  34  3 

Tsehiohagoff  0. 

Jainn      .  Ill  4 

Russjkmer.  163  4 

Tsohlchagog  I.  166  3 

TsdhitikoCI..  163  i 

Tsiki      .       .  113  I 

Tsisl.     .        .  174  I 

TsungMlngl.  110  1 

Tsuft^ma       .  Ill  } 

Tubanaiellal.  160  % 

Tubsrao  Pt.    .  138  a 

Tucaeas          .  136  a 

Tucapel  Hd.  .  144  a 

Tn^erl.       .  174  3 

Tucker's  I.      .  186  1 

Tulaa  I.          .  79  I 

Tulonr  L        .  90  4 

Tnmaoo  Bd.  •  146  4 

TumboraMt.  86  i 

Tungatj  60  a 

Tung-cbuh  73  a 

TungenoBS  Lt.  16  4 

Tung-jing  Is.  78  4 

Tunis              .  30  I 

Tupinierl.     .  166  3 

Turacoon  I.    .  65  3 

TuraitePt.     .  84  i 

Tnrfeie           .  163  3 

Turivassu  Pt.  138  i 

Turkey  34  a 

—     Is.       .  86  3 

Turk's  Is.       .  187  4 

Turnabout  I.  78  3 

TumagainC.  108  1 

Tumeflb         .  134  i 

Turner  Pt.      .  161  3 

Turon  C.  ft  B.  It 

L         .       .  70  a 

Turret  I.  76  3 

Turtle  I. 

B.  of  Biaf.  .  44  4 

Cochin  China  70  a 

Feejeels.    .  160  1 

Turtle  Is. 

6.  of  Guinea  43  f 

Ind.  Arch.  .  86  4 

N.W.  Aust.  106  I 

TurUe  Rf.       .  99  4 

TurUe-backedI.109  3 

Tusimal.        .  110  i 

TuBkar  Rk.     .  10  3 

Tusket  Is.       .  133  4 

Tuspsm  Shi.  .  133  I 

Tutnila  .       .  168  3 

Tnztla            .  133  1 

Tresteen  15  3 

Twin    Rks.    9u 

Pks.     .        .  93  3 

Twins 

China  .       .  71  3 

Mergui  Arch.  61  4 

Two  Bays  C.  .  140  4 

TwoBrotheta 

Borneo  83  a 

Java  Sea  .  65  i 

Twofold  B.      .  97  4 

Two  Groups  I.  165  1 

Tyfore    .       .  90  3 

Tylonl.          .  71  3 

Tyn,  Ras  al    .  38  2 

Tynemonth  7  1 

Type  I.  .        .  89  3 

Typinsan  L    .  109  4 


TTafato  •  .  166 
Ubatnba.  .  189 
nUan  L .  .81 
Udirlk  .  .  178 
TTdsire  .  .  16 
TldToer  Is.  .  16 
Uist  Is.  .  .  6 
UkyeraRt  .  60 
XTlaioal.  •  160 
Uleaborg  .  14 
UUeteal.  .  166 
ITlkogrunni  .  14 
UlladnUa  .  97 
UmaUB.  .  171 
Umea  .  .  14 
UndaPt  .  161 
Underoo .  .  66 
irnderwood,Portl07 
UnieB.  .  .  89 
Union  B.        .    140 

—  0.         .    116 

—  Port  de  la  147 
United  States  133 
Unsang  Pt.  .  81 
Upoln  .  .  158 
Upright  0.      .    163 

—  Pt.  .  97 
Upstart  C.  .  99 
Uraeas  .  .  173 
Ureas  .  188 
Urok  85 
Urh-Taon  .  110 
Urhnd  .  .  64 
Usbome,  Port  106 
Ushant  .  .  19 
Ushishir  Is.  .  113 
UshuwIa,Tierra 

ddFuego  .  143 
Dstica  1.  97 

UUlal.  .  .  134 
UtiroaTown  .    168 

—  Harb.  156 
Utkllppoma  .  16 
iTto  18 
Uya  6 
Vaoca  C.  46 
Taohe  I.  .  189 
Vaches  C.  46 
Vado  84 
ynr(je  I.  16 
Vago  I.  16 
Vafgatch  I.  17 
Valdes  Penina.    140 

—  Port  .  160 
Valdiria  .  144 
ValencU  33 
Valentia  8 
Valentine  Pk. 

V.  Dieman's  L.  97 
Moaam.  Oh.       49 
Valery,  St.,  sor 
Bonune  18 

—  en  Cans  18 
Valetta  .  .  88 
ValientePk.  .  136 
Valientes  I.  .  178 
Valparaiso  .  144 
Vslsche  C.  .  98 
Vancouver, 

—  I.      148 

—  Portl4S 
yanderUnI.&C.103 
Vanderschelling 

Is.  .  .  168 
Van  Dieman's  L.  96 
VsoDiemenC.  104 
Van  Diemen's  In.  103 
VandS  .  .  16 
Vandolal.  .  167 
Vandotenal.  .  36 
Vanguard  Shi. 

China  Sea      68 
Sweden    .      16 
Vanikorol.     .    164 
Vannee    .  80 

Vansittart  Shis.  65  a, 
VanuaLevouI.  161 

—  Vatou  1. 160 
Varano  .  38 
Varela  C.  68 

—  Pulo    .      67 

—  False  C.    68 


Varellah,  Pulo  66 

Varee  C.         .  81 

Varna  34 

Vame  ShL      •  1 

VashonC.      .  ill 

—  Hd.  .  104 
Vanto  Anunone  89 
Vathl  .  .  35 
Vathy,  Port  .  37 
VaacanoC.  .  87 
Vatoal.  .  160 
Vatoo  Madre  .  49 
VatoQ  Lele  I.  161 

-~    Reral.  160 

VaTao  I.  .        .  159 
Vavltou  I.       .167 

Vaux's  Tomb  58 

Vaysg  Is.  91 

Ve  Skerries    .  6 

Vega  Shi.  66 

VelaC.  .        .  136 

—  ReteRks.  77 

—  Straasa  Mt.  89 
VelasC.  .  147 
Veles  Malaga  33 
Velthoens  86 
Vendeloos  B.  69 
Vendres,  Port  33 
Vencre,  Port  .  86 
Venetico  I. 

Asia  Minor  36 

Greece  31 

Venesuela      .  136 

Venice    .  89 

Ventenat  C.    .  167 

Ventimlglia  Pt.  84 

Venus  Pt.       .  166 

Ver  Pt.  de  18 

Vera  Cms      .  133 

Versgrund  16 

Verd  C.  48 

Verde  Cay      .  187 

—  C.  de   .  163 


—    I. 
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▼erga  C.  43 

Vttlegen  Hook  17 

VermUkm  B.  133 

Vernon  Is.      .  104 

Verraders       .  158 
Verruer  Pt.    .189 

Versarah  68 

Vertesls.       .  165 

Vestal  Shi.      .  61 

Vesuvius  Mt.  96 

Vetergnach  30 

Viana     .       .  81 

Viarecgio        .  86 

Victor  Galley.  146 

—  Port    .  96 
Victoria 

China  71 

Seychelles  67 

Victoria  B.     .  168 

—  Harb.  116 

—  Land  117 

—  Mt.   .  93 

—  Pt.    .  61 

—  Port  150 
~      Rf.    .  166 

—  Shi.  .  106 
Victory  Bk.    .  57 

—  C.      .  143 

—  I.  .  67 
Vidal  C.  .  47 
Vido  I.  .  .30 
Vlcjal.  .  145 
Viequel.  .  130 
Vlei^ge  I.  19 
Vieste  .  38 
Vlgi«  .  .  136 
Vigo  .  31 
Vigton  Is.  16 
ViUa  do  Cotlde  31 

—  Franca  .  34 
ViUano  C.  30  4, 81 
Villaret  C.  .  106 
VillarinoPt.  .  140 
VUutchinskyMt.114 
Vincent,  St.  .  41 
Vtaacent,  St.,  C. 

Madag.     .  48 

Portugal  .  83 


Vincent,  St.,  I.  131 
-V        Port  163 

Vine  Shi.        .  101 

VingorlaRks.  69 

Viper  Shis.  69 

Viradoresls.  .  147 

Viraquera  Pt.  139 

VlrgenesC.  .  148 
Virgin 

—  Is.       .130 

—  Gorda  130 
VischerL  .  166 
Vitils.    .       .  160 

—  Lerou      .  161 
Vito,  8t.,  a 

Naples     .  88 

Sicily       .  87 

Vlvero    .       .  21 

VivltaoL       .  167 

Viiagapstam  .  60 

VUegen  I.        .  156 

VlleUuidLt.    .  11 

VUko.  Port     .  31 

Vooel  Sang  I.  17 

Vohemar  Pt.  49 

Volcan  Vicjo  .  147 
Volcsno  B.  .118 
Volcano  I. 

Andamans  63 

Japan          .  Ill 

S.E.  of  Japan  118 

S.  Paeiflc    .  164 

Volo        .       .  33 

Voles  I.  .        .  37 

Volta  R.  44 
Voltaire  C.     .104 

Vfdtas  C.  46 

Vonitsa  30 

Vordate  88 

VoronoT  C.     .  17 

Vosmaer  B.     .  83 

Vostokl.         .  167 

—  B.  .  118 
Vonria  Scala  .  86 
Vriesl.  .  .  112 
Vuk»n  I.  .  168 
Volcano  I.  .  37 
Vnna  I.  k.  Pt.  161 
WaddeFellingk  61 
Waderoe  I.  6 
Wady  Jumaul  I.  61 
Wager  I.         .  143 

—    R.         .  118 

WahasyHarb.  88 

Waial.           .  161 

Wai  Apon       .  108 

Waigamele  Pt.  90 

WalgeoQ  91 
Wslkato  R.  & 

Harb.  .       .  109 

Waimea          .  170 

Wal-takiB.  .  107 
Waitera  R.     .109 

Waitengi,  Port  158 

Waiwongyl.  .  83 

Wakaial.       .  161 

WakaroaB.    .  107 

Wake  I.          .  178 

Wakuru  I.      .  168 

Walden  I.       .  17 

Waidgrave  Is.  94 

Wales  3 

Walker  Bk.    .  47 

Walker  I. 

N.  Pacillo  170 

V.  Dieman's  L.  97 

WaUabi  Grp.  98 

Waller's  Shk  83 

Wallis  I.          .  141 

WalUs  Is. 

S.  Pacific     .  169 

Torres  Straits  108 

Walney  I.  3 

WalpoleL       .  168 

WahinghamC.  117 

Walsonime  Is.  14 

Walter  Bath.  C.  117 

Wslton    .       .  8 

WalvischB.    .  46 

Wamoukou  R.  91 

too  78 
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Wanc;Miui  Harb. 

—  R. 
Wanga-parawft* 

C. 
Wangari  B.     . 
Wangaroa  Harb. 
Wangeroog     . 
Wangy  Wangy 
Warberg 
Ward!  Is. 
Wardhuyal.   . 
fTardlaw  C.    . 
Wamemunde 
Warning  Mt. 
WarooB. 
"Warr  Rf. 
Warren  Pt.     . 
Warrender  C. 

—  Port 
Warrior  I. 
WarwiokMt. 
WMa       . 
WaseenPka. 
Washington    . 
Washington  I. 

Marquesas 
N.  Paoiflc 

Wassia    . 

Watcher,  N.   . 

—  8.    . 
Watchman  G. 
Wateeo  I. 
Water  Cay      . 

—  I. 

—  Is. 

—  Volcano 
Waterfbrd 
Waterhonse  I. 
Waterlandt  I. 
Watling's  I.    . 


I 


lOG  3 

107  4 

108  S 

108  4 

109  I 

H  I 
86  4 

15  X 
94  X 

16  1 

115  S 

1«  I 
98  1 
89  I 
93  I 

117  X 

116  1 

104  4 
92  I 

118  1 
14  I 
60  a 

IS5  4 


156 

170 

88 

65 

70 

141 

158 

137 

na 

63 

147 

10 

97 

156 

187 


Way,  Pulo 

O.  of  Slam  68 
Sumatra  63 
Wsygatl.  .  115 
Weda  .  «  89 
—  Is.  .89 
Wedge  I.  .133 
Wednesday  I.      103 

Wegg*sC.       .  118 

—     I.         .  119 

Wei-hal-weiHa.  110 

WeUel.  .       .  167 

Wellesley  Is.  .  108 

—  ShU  66 
Wellington     .  108 

—  O.  .  97 
Wells  Rf  .        .  165  4 

67  1 


Wenman  T.      .  '  69 

Weasel's  Is.     .  103 

Weasels   .        .  91 

West  Peak      •  72 

WesuU  Pt.     .  94 
Western, 

—  Rf.  .  69 
Westerwyk  14 
Westmanna  Is.  18 
Westmin.  HaU  143 
Weston  C.  .  118 
Westport  •  9 
Wetang  88 
Wetto  .  .  87 
Wexford  .  10 
WeylandPt.  .  94 
Weymouth      .  1 

—  C.  .  100 
Whale  Gore    .  1 19 

—  Rk.     .  71 

—  Somid .  115 
Whaleflshls.  .  115 
Whale's  Back  183 
Whang-ho  .  1 10 
WhidbeyPt.fcIs.94 
Whitby  .  7 
White  Bear  Pt.  117 

—  BittffHd.107 

—  Dogs  •  .  73 
White  Hd. 

Maine.  U.S.  133 

Peru         .  145 

¥rhite  Hd.  I.  .  138 

White  I. 

Asia            .  115 
Massachusetts  134 

Mev  Zealand  108 

White  Rk. 

Ghina  Sea  .  67 

Falkland  Is.  143 

Ind.  Arch. .  76 

Tartary      .  113 

White  Rk.  Islet  105 

—  Sea  .  16 
WhitehaTen  .  3 
Whitsun  I.  .  164 
Whitsunday  I.  154 
Whittle  G.  .  131 
Wbydah  44 
Whytootackie  1. 158 
Wiborg  .  .  13 
Wiche  L  .  17 
WiekhamC.  .  95 
Wioklow  .  10 
.Widau  U.  .  13 
Wigwam  Pt.  .  143 
WilberforoeC.  103 
Wiles  G.  94 
WillanmeiL  .  166 
WiUUmO.     .  88 


William.  Fort  4  | 

WiUiam,  Port 

Falkland  Is.  143  j 

New  Zealand  107  2 

William  Rk.    .  141  4 

William's  I.     .  94  3 

WlUonghbyO.  95  i 

Willnnga        .  95  i 

WUsonG.        .  91  I 

Wilson's  I. 

Low  Archip.  156  X 

S.  Pacific     .  164  3 

Wilson's  U.     .  174  3 

—   Prom.fcMt.95  3 

Wlndau  13  4 

Windsor  R.     .  107  1 

Windward  Is..  131  3 

WineCooper'sPt.  85  i 

WingoLt.  15  X 

WinkoTE         .  13  I 

Winter  Harb. .  1 16  a 

—  I.  .  118  4 
Wintertoa  7  4 
Wisby  14  4 
Wismar  13  x 
Witt.  Mt.de.  96  3 
Wittgenstein  I.  155  « 
Wiiard  Pk.     .  93  4 

—  Rks.  .  71  3 
Woahoo  I.  .  170  3 
Woerden  Castle  85  x 
Wolf  Beac.     .  18  1 


Worms  Hd.  .  3 

WosteaholmeC.  118 

—  I.  115 

Wowony  I.  83 

Wrath  C.  .  4 

Wreck  I.  .  143 

—  Rf.  .  101 

—  Rk.  .  36 
Wright  Rk.  .  96 


Wyadda  I.       . 

149 

Wyang  Is.       . 

91 

WyllieRks.    . 

77 

Wype  Lt. 

3 

Wytooneel.   . 

154 

XakxoG. 

86 

Xeros  I. 

83 

Xuila  Is. 

Beasey 

89 

Mangola  . 

89 

Talyabo   . 

89 

XyUC.  . 

81 

—  Is.  .    133  I 

WolfRk. 

England  .       3  x 
Gilolo  90  X 

Wolfe's  Monnm.  131  x 
Wolkonsky  I. .  154  4 
Wollaston  Land  117  x 
WoodL 

Labrador .    130  4 
Maine.  U.S.  133  4 
Woodah  I.  103  x 

Wood's  Mt.  .  14i  I 
Woodln's  Chan.  163  x 
Woodlark  Is.  .  167  3 
Woodlel.  .  163  3 
WoodyC.  .  46  4 
Woody  I. 

China  Sea  67  i 
Ind.  Arch.  88  i 
Madagascar  49  x 
Paracels  .  71  x 
Woody 

—  Hd.     ,    109  3 

—  Hill     .      99  X 

WooBong  74  I 

Woridi^ltMi    •       84! 


Talt  Chow  B.  70 

Yakuno  Sima  1 13 

Yalanga.lala  I.  160 

YaleCoUege  .  185 

Yallah'sPt.    .  189 

Tami               .  77 

Yanar  87 

Yang-tse  G.    .  74 

YapL             .  174 

Yarmouth  7 

YaaoQ  G.        .  85 

Yba                 .  76 

Yellabol  L      .  48 

Yellow  R.        .  110 

Yembo            .  53 

Yendual.        .  161 

Yenikaleh  85 

Yenisei  Gulf  .  115 

Yerimo  0.      .  112 

YermoloflL  .  155 

Yesana         .  113 
Yeu,  L  de      .30 

YezoL   .       .  113 

Yitla.     .       .  73 

YklL     .       •  111 

YkimaL        .  109 

Ylin,LfcPt..  76 

Ylo         .       .  145 

Yloe        .       .  75 

Yloylo     .        .  79 

Yokohama     .  113 

York  BzeakeiB  75 
York  G. 

Baffin's  B.  115 

—  117 


York,  Capp.  I.  100 

—  Factory  119  1 

—  Barb.  .  183  4 
^  L  .  166X 
->    Minster  lU  x 

Yorke  Is.        .    103  } 

Youalan  I.      .    173  3 
Youghal  .      10  4 

Younaska  I.  .  153  x 
Young  C.  115  X 

—  Nik's  Hd.  106  X 
Young's  Foreland  17  4 

—      Rf:  .  101  4 

Ypun  I.  .  144  I 

Ystad  .  15  I 

Ytapere  Pt.  .  49  3 

YthaU  I.  .  160  4 

Yucatan  .  133  t 
Yule's  Rf.  fc 

Opening  .  101  1 

Ya-Un-Kan  B.  70  4 


ZachMt. 
ZafaranaPt.  . 
Za&rlne  Is.     . 
2Sairarana,  G.  . 
Zandvort 
Zannone  I. 
Zante 

Zansibar  I.     . 
Zapadilla  Gays 
Zi^wra  Castle 
Zapato  Manor 
ZapocePt. 
Zi4X»tilanPt. . 


I 

4 

I 

X 

J 

X 


112  3 
53 
39 
36 
11 
36 
31 

50X 
136  X 
138  1 
79  3 
135  3 
133  I 

«4 
ZaTodoTski  L  .    141  a 

Zavora  Pt.      .      47  x 

Zawani  Pt.    .     88  x 

Zea  I.      •       •  83  3 

Zebu  I.   .        .  19  X 

Zembra  .        .  88  4 
Zealand  Fort 

Brit.  Guiana  137  x 

Fermoea    •  74  x 

Zebayerla.     .  58  4 

Zebeed,  Ras    .  63  4 

Zeewyk  Chan.  93  3 

Zeghi.  Bam  54  4 

Zel^  C.          .  164  4 

Zeyla      .       .  51  x 

Zinart  L          .  tt  4 


ZIrona  Piooola  I.  89  4 
Zoarah  .  .  SS  3 
Zmnafa  Rk.  .  83  4 
Zurll.  .  .89  4 
Zyghur  Pt^     •     59  1 
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Abht-Daitd  Ra8  fS  I 

Aba-8hehr     .  64  z 

Abuthabi        .  68  4 

Adou  Matte  AtoU  66  t 

ARi»  Maria  C.  86  | 

Agria  Orabum  86  3 

AgulhaPt.      .  40  I 

A^nyeb  Fk. .  110  i 

Aillik  Hrb.     .  119  3 

Air,  Pt.  of      .  81 

AkatnidmiHcL  111  4 

Akrotiri  C.     .  88  4 

Alang  Kalen  •  66  z 

Albert  B.        .  160  i 

Albron  Hd.     .  75  3 

Alexaader  P.  150  z 

Alexaudroodd  118  4 

Alfred  8hl.      .  86  3 

Alga  B.            .  116  4 

Aliquay  .        •  80  z 

Al  Kran.        •  64  i 

Alkroyn .        .  54  i 

Alphas.         .  151  I 

Altata             .  148  i 

America  B.     .  113  3 

AnciolaPt.     .  84  3 

Andrews,  Bt. .  64 

Aneiteum       .  163  3 

Angosto  Port.  142  4 

Angulla  Pt.    .  24  3 

Annolofto        .  164  z 

Anson  B.        .  172  i 

Antipodes  I.  .  153  3 

Antony,  St.,  Lt.     2  z 

Annling  I.      .  80  3 

Anwer  Pt.      .  84  3 

Aoga-Sima     .  Ilx  3 

Aoura     .       .  178  3 

Apie  C.  .        .  83  3 

Api  Hd.  .        .  86  4 

Apollosl.        .  Ill  4 

Apollo  B.        .  95  z 

Araby     .        .  54  i 

Arena  Pt.       .  149  z 

Amaut  C.        .  87  4 

Artb  Ras  AI.  .  54  z 

Astapbe^a  Pt.  113  3 

Astoria  Fort  .  149  z 

Astropalala    •  82  4 

Atitt        .        .  158  I 

Augustino,  San  171  3 

Awasima        ^  112  3 

AyerBangies  64  i 

Ayr  Pt .  84 

Baccslieu  I.    .  120  r 

Badong  B.      .  85  4 

Bags  Pt.         .  150  3 

Bogacay  Pt    .  80  z 

Balat  R.          .  70  3 

Bald  I.    .        .  93  z 

Baleinea  Lt    .  20  3 

Baliguian  Islet  79  4 

Btilinhasay  0.  76  4 

Ballycottin     .  10  4 

Bander  Abbas  54  4 
Baiilocwai^ie  Ft  84  4 

Bankoeongon.  63  3 

Bankulu  83  3 

Banks  G.        .  98  i 

BanU  I.  .        .  86  I 

Barclay  Sd.    .  150  4 

Bare  I.    .        .  88  3 

BarracoutaC,  46  3 

Barren  X.        .  98  4 

Barroras  Pt  .  78  z 


BaxoeO. 

663 

Bartholomew,  St., 

W.  Ind. 

181  1 

Basidtih.       . 

644 

Basra      • 

64  Z 

Bassal.  . 

884 

Bawean  I. 

853 

Baynes  Sd.     . 

150  I 

Bayonnaise  I. 

112  3 

Basil,  Raze]  . 

87  3 

BoaleC. . 

1504 

Beaufort  I.     . 

111  Z 

Beaumaris 

3  z 

Beaver  Harb. . 

150  I 

"4 

Beirout  Ras. 

87  4 

Belaug  Town 

83  z 

Bel  Sound     . 

17  3 

Bensert 

39  I 

Berwick,  North 

64 

Bilaa  Pt 

794 

Bird  I. 

Australia 

101  3 

CVenLIs. 

41  z 

Birkeh  . 

53  3 

Bishop  Rk.  Lt 

23 

Bishop's  Sound  163  i 

Bittern  Rks    . 

112  3 

Black  Rock  Bin 

. 

tang    . 

62  3 

Black  Rcks.    . 

89  4 

Blackwaterbank  10  3 

Blackwood  C. 

87  3 

Blair  Port  Qrt 

Andaman    . 

62  4 

Blanca  Pt      . 

80  z 

Blanco  C. 

149  z 

Blaskett,  Ort. 

84 

Blunden  Harb. 

149  4 

Boekoean 

68  3 

Boerong  I.      . 

743 

Bohoy     .        . 

89  z 

Bojeador  0.    . 

77  1 

Bombay  Shi. . 

69  4 

BonastraPt.  . 

294 

BonaventureHdl20  i 

Bondo  Gab.    . 

78  3 

Bonerato  I.     . 

86  3 

Bongo  I. 
BoniRk. 

80  I 
84  I 

Bonita  Point. 

149  I 

Booby  I. 

169  X 

Borocay  L 

79  3 

BoroDgan 

78  4 

fioule.  Ot 

121  4 

Boweii  I. 

149  4 

Bowen  Mt 

99  3 

Bran  Sand  Lks. 

7z 

Briers  I. 

122  z 

Brimnes . 

6  3 

Broken  B.      . 

98  I 

Broughton  I. . 

98  I 

Brooks  Is. 

171    T 

Brothers  Two 

81  4 

Brunet  I. 

120  z 

Buflalo  B.  Lt 

46  4 

Bi:\je^h .        . 
BullHarb      . 

89  z 
150  z 

BuUer  G. 

141  I 

Bumusa  t. 

54  3 

Burin  Harb.  . 

120  z 

Burrard  Inlet 

149  4 

Button   . 

84  z 

Gf^etuba  I.    . 

138  I 

Canada   .       • 

121 

Canaron  I.      .  76  4  ( 

Oapicdolo  Pt  25  4  < 

Oarena  Pt.      .  27 

Carter  B.        .  151 
GartwrIghtHar.119 

Gastel  a  Mare  27 

Gasuarina  I.    .  169 

Gatalina  Hrb.  120 

Catherine  RT.  65 
Cathorine  St.  Pt.    1 

Catwyk  Little  68 

Cault  Pt         .  79 

Caution  G.      .  150 

Cay  Verde      .  127 

Cay  West        .  126 
Chain  Rk.  Batt  120 

Charles  XII.  I.  17 

Chassiron  Lt .  20 

Cherbaniani   .  55 
Chesterfield  Inl.  119 

Chimatau  Prom.  110 

Chuhadospit  .  118 

ChurrucaPort  142 

Clarence  B.'  .  98 

Clayoquot  Sd.  150 

Gierke  Reefk  .  150 

Clive  Shoal     .  53 

Cockscomb  Mt.  134 

Codlingbank  .  10 

Cod  Roy  I.      .  120 

Goleroon         .  60 

Collo        .        .  89 

Colonna  G.      .  85 

Golonne  Pt.    .  28 

Columbine  Gore  148 

Cook  G.  .       .  150 

GookL    .        .  98 

Cook  Bntr.     .  100 

Cooper's  I.      .  58 

CoTnwallist.  .  116 

Coronation  G.  169 

Correnti  I.      .  27 

Cortes  Bank  .  148 
Gorton  Lt.      .       7 

Cow  Hd.         .  120 

Grio  G.  Gandia  86 

Cms  Sta.  Gh. .  139 

DaiR.     .       .70 

Dalkeith  Pt  .  150 

I  Dampier's  Rf.  92 
Dana  I.   .        .87 

Danaimo  Hrb.  150 

Danger  Rk.    .  150 

Danoose  Hrb.  150 

Darigayoe  Pt  76 

Dasl.     .       .  54 

DasimaSaU  .  HI 
Dawros  Hd.   •       0 

Dedicas  Rks.  .  77 

Demitri  C.      .  28 

Denison  Pt    .  99 

DenserraPt  .  24 
Desire  C.         .17 

Detached  I.    .  75 

Deyni  .  64 

Diiegisa  Pt    .  90 

Dilhi  Town  .  87 
Diuagat  I.       .      79 

Direction  Hill  142 

Discovery  Pt  149 
DJampea  I.  .  86 
Doonl.  .  .  79 
DoongdoanganSt  82 

DoroNaciPt.  86 


Dos  Guemos  Mt  77  4 
Double  Hill  Pt  70  4 
Douglas  C.  .  1^  3 
Drasti  G.  .  80  4 
Dubh  Artaoh  Bk.  4 
Dubh  Sgeir  .  4 
Dudosa  I.  .  157 
Duncan  B.  .  151 
Dungeneas  New  149 
Dungenees  Pt.  142 
Dyati  Pt.  .  86 
Dyenee  G.  .  84 
Dydolo  .        .      90 

Eden  Hrb.  .  148 
Encounter  Rk.  Ill 
Eskiforos  84  4 

Baperanza  Inlet  150 
Esquimalt  Hrb.  150 
Esterro  de  Agia- 

bampo  •  148 
Bstevon  Pt  .  150 
BunostosPt  .  38 
Expedition  B.     118 

Fakarawa       .    155 
Fakeer's  Pt  .      60  4 
False  B.  .        .46 
Fangaloa  B.    .    158 
Farallon  de  Pa* 

garos  .  .  172 
Farmer  I.  .  Ill 
Parse  .  .  64 
Fehmem  L  •  12 
Femem  .  •  12 
Ferrer  Pt  .  150 
FerroUePt  .  120 
Fettercssoe  •  6 
Feylechehl.  .  54 
Fiery  Gross  Bf.  69 
Fleska  G.  .  88 
FTores  I..  .  150 
Flower  Gove  .  120 
Foot  Pt. .  .60 
Formichels.  .  27 
Fortime  B.  .  143 
Fraser  B.  .  149 
Frederickahaab 

Gh.  .  .  116 
Frtirl.  .  .  64 
FrdrShl  .  .  54 
Frying-pan  Shis.  126 
Furious  N.Shl.    76 

OaidaroNisi  .  86 
Qaidamak  Hrb.  118 
Oarde  de  G.  .  89 
Onrry  Pt  .  149 
Qavan  Rt  .  69 
Gavdo  I. .  .86 
Gavdo  Poulo  .  86 
Gays  .  .  64 
Gedeh  .  .  87 
Gibuson  X.  .  79 
Gimeyn  .  .  58 
Qlorieuse  I.  .  49 
Oodthaab  .  115 
Goldstream  Hrb.  150 
GoloL  .  .  76 
Goron  Tato  R  83 
GowllandRks.  150 
GrappIerPt  .  143 
GreadyHrb.  .  119 
Green  I. .  .67 
Green  I. .  .120 
Oreenspond    .    120 


Qvamaanxt  B.  186  4 
OuIaL    .       .     87  9 

Haiyimtau  I. .  Ill  i 
Haldervig  Gh.  6  z 
Halt  B.  .  •  146  3 
Halul  .      64  1 

Hamilton  Pt  111  t 
Harbour  Grace  190  1 
Harvey  Port  .  149  4 
Haskeirls.  .  6  1 
Hatamura  .  112  } 
Havannah  Hrb.  163  3 
Haymau  I.  .  99  z 
Heard  I.  .  58  z 
Hector  Shi.  .  82  I 
Hed  Ras  Al  .  68  3 
Helen  ShL  .  71  z 
Hengar  I.  .  64  4 
Heiigus  .  .  64  I 
Hermans Mayorl.76  4 
Hernando  I.  .  149  4 
Herveyls.  .  158  i 
Hesquiat  Hrb.  150  4 
Hinchinbrook  t.  99  3 
Hinderabi  I.  .  54  3 
HinlopenStr..  17  3 
HiradoStr.  .  Ill  3 
Holmes  B.  .  151  1 
HooglyB.  .  60  ] 
Hormuz  I.  .  54  4 
Hornsunds  Pk.  17  3 
Howe  Sound  .  149  4 
Hula  Shan  B.     110  4 


IbbetsonG.    . 

151  I 

IbnHaaiBaz 

87  3 

lennni  I. 
leraki  Pt       . 

86z 
81  z 

lerofl  G.  . 

35  z 

Iganni  P. 

81  I 

Inaboye-saki  . 

112  z 

Indian  Tickle. 

119  3 

IngersollRks 
Inlaharkhead 

1114 
9  I 

Iron  I.    . 

110  4 

Isaac,  Sir,  Pt. 

94  z 

Isaro  Volcano 

78  t 

Isa-saki  . 

112  I 

Island  Hrb.    . 

148  3 

Island  Hrb.    . 

150  4 

Isthmus  B.     . 

148  3 

Iwogasima 

111} 

JebelDhebah. 

68  I 

Jebel  Thelj     . 

883 

Jella  Coffee    . 

441 

Jerabu-Sima. . 

110  z 

Jervis  Inlet    . 

149  4 

Jeziret  Jun     . 

63  3 

John,  St,  Pt 

10  i 

Jori-sima 

110  z 

Jos«.  St. 

79  3 

Josina  Rfr.     . 

88i 

Juragaraot.  . 

79  3 

Kabia  I.  . 

86  t 

Kait  Pt  . 

88  I 

Kaka  Rf. 

86  4 

Kalamata 

31  4 

Kalambayang 

64  J 

Kal  Faroon     . 

51  I 

Kalomun  G.    . 

914 

Kambarraghie  B.86  z 

Kambing        . 

87  I 

Kame-uraBb  . 

nn 

902 
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Kamoda-aaki .  113  i 
Kapo  Posang  82 
Kjippel.  W.  It.  11 
Karn-doo-doo  I.  56 
Kasm  Pt.  .  64 
Kendang  Mt .  84 
Kepalon  .      67 

Korkenah  Is.  88 
Kermorran  .  19 
Khaiff  .  .  64 
Khxrg^  I.  64 

Kheymeh  Raa  el  63 
RhubbehBasel  68 
Kikai-dma  .  119 
KiogKasanl.  112 
Kitrles  C.  .  81 
Kitten  I.  .  160 
Kok-«i-kon  Ft.  74 
Komodo .  86 

Kongoni  R.  .  47 
Kooguini  .  64 
Koprino  Hrb.  160 
Koeiki  .  .  Ill 
Koea-sima  .  112 
KotsuSlma  .  HI 
Koapho  Niol  .  86 
Koweyt  .  .  64 
Ktbhr  I.  .  64 
Kuhi  MdMrek  64 
Ktmello  0.  .  81 
Kuro  sima  .  Ill 
Kutalno-rima  112 
Kyanchau  Hrb.  110 
Kynumpt  Hrfo.  151 
Kyuquot  Sound  160 

Labo^  Mt.  .  78 
La  Gala  .  89 

LachtHuenRk.  10 
LachtKouenn  Or.  70 
Lady  Inglia  Rk.  112 
Laiohan  Bnk.  110 
Laka  Lt.  80 

Lama  Pt.  .  89 
landijukan  .  82 
Iiangmand  12 

LaPoUeB.  .  120 
Larek  .  .  54 
Laun,  St.  .  120 
Lepa  .  .  66 
Liau  Ho  .  .  110 
I  Jau-ti-sbaa  Prom. 
110 
Llbflgao  L  .  76 
Lifou  .  .  87 
Litingon  .  79 
Cittinos  C.  .  86 
Loaita  Gay  .  d9 
Loaita  Id  .  69 
LooolocoPt.  .  78 
London  East  Rf.  69 

—  Central  Rf.    69 

—  Ouarteron  Rf.  69 
Lonsdale  Pt.  .  96 
Loog  Port  .  78 
Lookout  I.  .  160 
I^oopbead  .  9 
I/ord  Hood  I.  154 
LouehliuHib.  161 
Louttit  B.  .  96 
Lower  Uatacnm  126 
Luconia  Dauger  69 
Liimintau  Pt.       76 

MaoedonianRks.112 

Maderong  Pulo  89 

Madoe  I.  86 

Mahmur  Ra»  88 

Makalleb        .  68 

Ualhon  I.       .  79 

Mamguin       .  79 

Hauignin       •  76 


Manin  I.  .  8S  4 
Haol  Na.  Ho.  4  a 
MarangMt  .  82  a 
MarathiaC.    .      81  a 

Marble  L        .  187  i 

Mare  I.  .  .  168  i 
Maria  Reig«n- 

bergen         .      85  4 

Maria  Santa   .  164  a 

Marshall  Pt  .  149  4 
Marundum  Id.  74  4 
Masin  Loc  76  4 

Maskat   .       .      58  | 
—     Saddle 

Hill     .       .03 

Mataoumbe  I.  126 

MayneHrb.  .  148 
Mayralea  77 

Mela  Ledge    .  112 

MendanaO.  .  164 
Merbat   .  53 

Merino  Gay  .  60 
Messana  I.  66 

Meyet  or  Burnt  1. 61 
Michael  Seymour 

Port  .  .  118  4 
Middleton  Pt.       60 

MlkuraL  .  112 
MilhrRasal  .  88 
Minehead  10 

Mittlematch  .  149 
MoeletivoeHouse  60 
Monda  C.  81 

Montebello  L  111 

MontraTel  I.  Ill 
Montugan  Pt.       78 

Maroto-saki  112 
Mutaf  Raa.   .       64  a 

Mydom  I.       .  118  4 

Mystery  Bock  144  4 

Ntfbyii  FrtSrI.     54  3 

Nagarsbe  .  112  i 
Naiupapt  Rf. .      79  3 

Naum  Harb.  .  151  i 
Nam  Tit        .      69  3 

Naaparti  Inlet  150  3 
Natooo  Pt  .  78  3 
Nederburgh  Pt    88  3 

Keeale  B.       .  149  3 

Neyille  Port  .  149  4 
Newland  Sh.        66  4 

NewPerlican  120  i 
New  Westm. 

MiUt  Barr  .  149  4 
Nieuwerke  I.  86  4 
Ninety-eight  feet 

1.  .  160  3 

NomaSaki  .  Ill  3 
Nominie  Town     87  a 

Nootka  Sound  150  3 

Norman  C.  .  ISO  3 
N.  Cape  Spita- 

bergen        .      17  3 

North  Harb.  150  a 

Nuchatletz  In.  150  3 
Numachoa  49  4 

Occasional  Hrb.  119  4 

Offer  Wadham  119  4 

Oho  Sima  .  Ill  4 
Oluntanga  I.  .      80  i 

Omae-sakl      .  112  a 

Omasaka^ma  112  3 

OontingPort.  110  1 

Oregon  Inlet  .  125  4 

OseSakl         .  Ill  3 

Otter  B. .       .  148  3 

Paam  la.  .  168  4 
Pager  Id.       .     64  i 

Pafias  Eka.  IIS  i 


PalmerstonC.  160 

Pandiang  L  .  86 

Papho  0.        .  88 

PftrklungOape  TO 

Patteson  Port  164 

Pearl  Rks.      .  150 

Pedro  Pt       .  66 

PbUlip  I.         .  96 

Pientyang  I. .  88 

Pondiko-nisi  .  86 

Ponyong  Mt  64 
Prince  Consort 

Bank  .  68 

Proti              .  81 

Pudo      .       .  79 

Pudsey  Dawson  82 

Puerto  Bueno  148 

Pulo  Pemaugil  66 

Puk>ffimalla  .  68 

PusanPt  80 

Pyramid  Ft  .  70 

QuatainoSd.  .  160 

Baoel.    .        .  150 

Raleigh  Rk.    .  109 

RapangShL   .  84 

Basaheleh      .  61 

Rapurapul.  .  78 

Rattler  Rk.    .  112 

Rodfield  Rks.  112 

ReefPt  .       .  160 

ReAigeCove   .  150 

RekkeriRas  .  64 

Rennie  ShL    .  64 

Repon  .  67 
Retribution  Rks.111 

Rhrtymno    .  36 

Rifleman  Bnk.  68 

Roberts  Pt     .  149 

Rocky  L.        .  168 

Rockly  B.       .  137 

Roessa  86 

Roeello  Lt-ho.  27 

RossL    .       .  Ill 

Rofltag  Jebel  .  63 

Round  Hill  I.  119 

Royalist  Pt  .  75 
Ruad  I.  .  .87 
Ru  Zukkum  Shi.  63 

Ru  Hunish     .  4 

Russell  a       .  160 

SabinellPt  .  22 
Safety  CoTe  .  150 
Saida  87 
BaidPrt  SueaC  38 
Saints,  The  .  131 
Salak  Mt.  .  84 
Salawattie  88 
Samarang  Bk.  75 
Sampit  Bay  .  82 
SandonRks.  .  112 
Sandy  Point  .  142 
San  Luis  Obiqpo  149 
Sangeang  I.  .  86 
San  Juan  Pt  .  150 
Sau-o  B. .  .74 
BaputanMt  .  88 
Sarah's  Bosom  153 
Sarangani  Pt. .  80 
Sarontang  84 
8aturdya£g  .  74 
Satonbielo  L  .  86 
Saunders  Pt  .  120 
Sea-pay  .  .  5 
Scott  0.  .  .  160 
Seymour  Nar- 
rows .  160 
Sea  Otter  Rk.  160 
Seooa  di  Capo .  27 


Seldom-oome-by 

Hrb.    .       .  120  I 

Semao     .       .  87  a 

SemiahmooB.  149  3 

Sera  Bas.  88  3 

Seutinel  L      .  Ill  a 

Seri  I.      .        .  64  3 

Setondal.  86  i 
Shah  Allum  ShL  64  i 

Shahu  Mt      .  84  4 

Sham  Fort     .  63  4 

—    Pk-       .  68  4 

Sharp  Pk.       .  110  4 
SheikhMa8udRsa53  4 

Shell  I.    .       .  160  I 

Sh^kh  ffiuyb  64  ] 

Shiraao  I.       .  64  i 

Sholl  B.  .        .  142  4 

Biau  Wuhu  B.  118  4 

Siaigao  I.        .  79  4 

Siaton  Pt       .  79  a 

Siberoet .        .  64  i 

Sibonga  P.      .  79  4 

Sibugay  .        .  79  i 
Simpson  Fort  P.  161  i 

Sinoonn  I.      .  69  3 

Sindangan  80  a 

Sipora             .  64  i 

SiquHor  .        .  79  a 

Sir  Abu  Neyr  68  4 

Sir  Beni  Tas  .  63  4 

Su>  Hassan  67  1 

Sir  Hugh  I.    .  62  4 

Skd  Rk.         .  85  1 

SkJdeeate       .  161  a 

Skrypleffl.     .  118  3 

Skyel.    .  43 

SUngsbyChan.  160  i 

Smith  I. .       .  149  3 

Sombrero  Cay  126  3 

Sooke  InL      .  160  i 

Soubi  I.  .       .  67  3 

Soubie  RL      .  69  4 

SpexStr.        .  Ill  3 

Sphax             ,  88  4 

Spratly   .       .  60  i 

StavrosC.  36  3 

StavrotaMt  .  81  i 

Stewart  Anch.  151  i 

Stor  Fiord  17  3 

Sua!  Pt          .  76  4 

Sugra      .       .  68  I 

SuUiTan*sI.    .  126  i 

Sultana  Bnk.  80  3 

Sulivan  Rb.  .  150  3 

Sumbemm    .  64  3 

Sura  Sakl       .  Ill  4 

Surigao  Pt.     .  79  4 

Sur                 .  87  4 

Surveyor's  L  .  110  3 

Suwa^Blma     .  118  i 

Suwik            .  68  3 

SwaineC.       .  161  i 

Swallow  Grp.  164  a 

Syan-ki  Pt     .  74  3 

Tabnsima       .  112  3 

TaM  0.  .        .  86  4 
TB^a  Qrp.  Sooloo  80  4 

Takasima       .  Ill  4 

Taka-sima      .  112  a 

TSkteima       .  Ill  4 

Talebo  Pt      .  90  i 
Talien  Whan  B.  Ill  i 

Tamandoal.  138  r 

Tama-no-ora  .  Ill  3 

Tamar  Port    .  142  4 

Tambelan  Id.  67  i 

Tamb  Ras  at  .  64  z 

Tantib  Ras  64  a 

TnaahMassa  64  1 

Tatsupi-saki  .  112  } 


TaUyamaB.  .  US 
TchenivaB.  .  113 
TearagfatBk.  8 
TeUogondaGL  88 
Terofai  .  .  06 
Texadal.  •  149 
Thitu  Id.  .  09 
Thirty-feet  I.  160 
Thrum  Gap  •  154 
ThurlowL  .  140 
Tignoso  .  80 
Tiguma  80 
TiaatdBk.  .  09 
Tokarefiky  C.  lU 
Toko  B.  .  83 
Topell  a  .  IT 
TotohuPt  .  IM 
TooUnguet  Is.  ISO 
ToworPt  .  110 
Toyoma  .  113 
Traleelil  Sam- 
phire It  .  8 
Trrepaa^Hitu  120 
Trlaag^I.  .  150 
Trident  ShL  .  09 
TrigaldaL  .  153 
Tripiti  a  .  86 
TrisxiToww  .  87 
Tsukarase  .  Ill 
Tuesday  B.  .  143 
TumabuMt  88 
TumangoPt  77 
Tumb  Jest  54 
Tumb  Jest  Nabo  54 
Tumen  Ula  B.  113 
Tunasheel.    .  110 

UeaL     .       .  108 

Uu*  Una  I.     .  88 

Undine  Cots  .  IflS 
Union  Copper 

Mine  .       .  113 

Vachronls  Mt  81 

ValdesL        .  149 

Vanualava      .  164 

VathyP.         .  81 

VilaHiK        .  168 

VesuYius  Bk.  80 

Vesuvius  B.    .  89 

Victoria  Hrb.  150 

Victoria  L      .  157 

VixginsO.       .  142 

Viivin  Rks.    .  150 
Vladimer.  St  B.  113 

Walleah  I.  Gt  88 

Wanckan  Bnk.  74 

Wassa  90 

Webeck  Hrb.  119 

Wedge  Pt      .  87 

Wells  Ftes      .  140 

Whale  Rf.  84 

Whidbeyl      .  149 

Whitsunday  I.  99 

Wrangle  B.     .  113 

Wrooik  fi.        .  168 


Takimora  Pt 

118 

Tanisadesl.  . 

86 

Tatake  C.       . 

112 

TedoL   .       . 

112 

TenoiSima    . 

111 

TliganPt 

77 

Ylongo0 

79 

Tusun  Shi.     . 

68 

Yutsisima 

112 

Zambesi  R.  .  47 
ZarothemaMt  80 
Zealandia  Bok.  ITS 
aikuh  L       .     58 


GENERAL  INDEX. 


AwwaMfiATtom,  p.  10,  note 

in  Table  10,  expUnatliNB,  p.  wa 
AtanAham,  no  change  of  tempor.  of 

water  on,  lOtt 
Aeoelertttion,  Table  33,  ezplan.  p.  896 
Aeben,  water  off,  p.  805 
Acute,  86 

A^JoBtmente  of  the  oompaae,  p.  67 
of  the  needle  for  Tarylng  dip,  227 
ofthowxUnt,p.  163 
A^Joating  screws,  caution,  497 
Adrenture,  H.M.8.  p.  362,  note 
Age  of  tide,  919 

necessary  ibr  ht.  935 
Airy,  Mr.,  plan  for  counteracting  local 

attracdon,  257  (1) 
Alceste,  log,  p.  135  i  alao^  p.  355,  860, 

note 
Altitude,  def.  206 
circles  of,  427 
apparent  and  true,  432 
parallels  of,  430 
changes  of,  p.  221 
correction  of^  428 
obserrlng  the  moon's,  540 

a  flter's,  541 

»—  to  correct.    See  Correeikm, 
— —  reduction  oC  for  change  of  place, 
661 
to  an  intennedlate  time,  660 
true  to  apparent,  667 
•—  to  And  the,  p.  219 

on  the  merld.  663 
fivro  the  hour-angle,  666,  &c. 
from  the  asimuth,  668,  &c. 
on  the  prime  Tertical, 664,  &c. 
Table  29,  explan.  p.  400 
^—  to  oonTcrt  the  true  into  apparent, 
868 

Tables  43, 44,  ezplan.  p.  404 
»—  dhange  of,  to  find,  669,  fto. 

change  of,  at  a  given  asimuth, 
670,  &o. 

Table  46,  explan.  p.  404 
do.  and  Tariation  of  do.  p.  188, 
note* 
Altltudea,  obaenring  at  sea,  487,  634 
do.  when  high,  685 
do.  with  hazy  horiaon  or  disc,  538 
with  a  shore  horiaon,  549, 550 
observing,  on  shore,  551 
manner  of  tesUng  a  set  of,  580 
obserred  from  opposite  points  of 

the  horizon,  585;  p.  156;  541 
do.  noting  the  time,  635 
remark,  p.  322 
*^-  a  set  of,  error  of  intorralii,  558 
——  of  stars,  afford  a  check  on  the 
D.  R.  as  also  on  a  mistake  in 
the  sun's  declin.  977 
Amargura,  reported  appearance,  p.  377 
Amplitude,  def.  446 

Table  59,  explan.  p.  408 

affected  by  refraction,  446 

oorr.  of  Table  59  a,  ezpUaL  p.  409 
■*—  obaenring,  at  sea,  885 

of  a  star  is  best  obserred  at  s«t> 

ting.  842 
the  <»Menration,  not  open  to  oex^ 
tain  errora,  888 
"-^  to  ooroputo  the,  887 


Analogies  or  trigon.  canons,  162 

rules  for  working  by  logs.  166 
Analogy,  48 
Anchor,  angles  for  reooreiing  a  lost, 

368 
Angle,  def.  81 

measure  ot  82 
acute  and  obtuse,  86 
to  lay  off,  at  a  point,  96  ■ 

at  the  sun  or  moon  in  a  hmar,  to  i 
find,  p.  296,  note  f 
Angles,  to  measure  and  lay  off,  106, 107 
AnimalculiB   colour  the  sea,  p.  360, 

note  9 
Annatom,  bearings  required,  p.  363, 

note 
Atmnaire  des  MaricM,  p.  317,  note  * 
Antarctic  circle,  21 1 
Aor,  Pulo,  p.  382 
Apparent  Altitude,  432 

dip,  205 

Table  30,  ezplan.  p.  400 

distance.  84R  (2),  and  850 

time,  def.  474 

to  convert  into  mean,  606 
Approximate  Doub.  Alt.,  advantage  of 
the  method  in  practice,  Pref. 
Til 
has  been  found  convenient,  p.  245, 
note 
Approximate  Lunar,  principle,  p.  284, 
note 
is  near  enough  in  general,  848 
should  be  used  as  a  check  against 
error  In  the  rigorous  prooeas, 
p.  286,  note  t 
■llbrds  the  angles  at  both  bodiea, 
p.  296.  note  t 
Approximate  Methods,  ohlef  advan- 
tage of;  p.  255,  note 
note  on  term.  p.  51 
are  often  preferable,  p.  865,  note 
Approx.  Variation,  Tab.  11,  ezplan. 

p.  394 
Arago,  terrestr.  refr.  536 
Arc,  def.  80 

to  convert  into  time,  841 
Table  17.  explan.  p.  397 
square  o^  to  find.  p.  407,  Tab.  66 
ia  the  limit  of  the  sum  of  the 
chords,  p.  96.  note 

of  sextant,  to  test,  498 

Arctic  circle,  21 1 
Arithmetic  complement,  62 

application  of,  63 
Arithmetical  operations,  by  logs.  p.  20, 

64  to  72 
Arlett,  Lieut,  p.  881 
Arming,  of  the  lead,  400 
Arsheens,  p.  368  (10) 
Artificial  horizon,  517 

fluids  proper  for  the  purpose,  521 
Comm.  Becber%  172 
bubble,  not  approved,  p.  1 71  ,note  f 
spinning-top,  p.  172,  note  * 

effect  of  the  height  of  the  eye,  559 

•tandfor,  519 
Assumption,  solution  by,  p.  51,  note 
Aatronomioal  bearings,  p.  818 

day,  480 
Athoi^  Mt.  azaaQto,  884 


Augmentation, )  semld.  440 
Table  42,  ex^an.  p.  404 

Australia,  dews,  p.  866 

Awash,  symbol  of,  p.  886  (1) 

Axiom,  112 

Axis,  181 

Azimuth,  def.  444 

how  measured,  446 

to  And,  from  the  alt.  678 

from  the  hour-angle,  675 
from  the  hour-angle  and  aU.  91% 
from  change  of  alt.  677 
renurk  in  observing  at  sea,  880 
compass,  219 
a4)ustments,  222 

Back,  observation,  p.  165,  note  i 
Bain,  Euaif  <m  the  ForiaHoH,  p.  76^ 

note  * 
Balade,  natives,  p.  878 
Barbaij,  coast,  anchorage  off,  p.  861, 

note 
Barlow.  Professor,  his  plate,  257  (1) 
JSua^  <m   Magnetic  JUracUoma 
p.  72.  note  t       ' 
Bamett,  Comm.  p.  877 
Barometer,  Pr.  and  Engl.  Table  37, 
explan.  p.  402 
ht.  of.  afl^cte  the  tide,  929 
Barrier  rb.  1033 
Base,  189 

Bayfield,  Capt.,  local  magnetism,  849 
SaiUng    Direetioiu  Jbr    tke    Si, 

Lator.  p.  74,  note  t 
n.74, 131, 173,notea 
Bearing,  def.  201 
taking  a,  201 
Bearings,  observing'on  board  ship,  881 
observed,  do  not  agree  with  onait^ 

392  (3) 
ahould  be  observed  at  place  of  no 

local  deviation,  239 
of  land,  by  means  of  ehrosu  p.  345 
reduction  of  true  to  do.  by  ooaw 
pass,  226 
Beaufort,  Sir  P.,  obaervatiaii  of  Index 
error,  p.  164,  note  8 
notation  for  wind  and  weather, 
409,  p.  115,  note 
Becher,  Comm.,  arttf.  horla.  629 

tables  of  measures,  p.  367,  note 
Beechey,  Adm.,  sextant,  601 

remarks  on  temper,  of  the  se^ 
1039;  see  also  pp.  844,  86^  357. 
358,863 
his  chronometers,  p.  844,  note  t 
Btgat,  M.  TraHi  de  QMetie,  p.  129^ 

note 
Belcher,  Sir  E.,  remark  on  ohnmo- 

meters,  p.  274.  note 
Bellingshausen,  Adm.,  pp.86e-7,trr, 

note  t 
Bessel's  refract,  p.  401,  note 
Binnacle,  217 

Biot,  M.,  mirage,  p.  62,  note 
Birds  indicate  land,  1035 ;  also  pn,  8ML 
861  rw— t 

Bisect,  a  Une,  98 

an  arc,  100 
Black  Joke»  p.  835,  nolt  • 
Blaokwood,  Oapt., 
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Boat,  horizon  from,  538 

Rorda'B  circle,  507,  &o. 

Bowrlng,  B£r.,  Lunart,  p.  802,  note  t 

Boxing  the  oompaaa,  217 

Brackets,  in  Tab.  10,  denote  limits,  fro. 

p.  385.  No.  5 
Braaaes,  p.  306  (6) 
Bnuas,  p.  869  (13) 
Breakers,  1041 

Bullock,  Capt.,  descent  of  lead.  899 
Burckhardt,  tables,  moon's  semid.  too 

small,  p.  297,  note 
Burt's  bttoy  and  nipper,  402 

Calendar,  necessity  of  arbitraij  cor> 

rectlon,  p.  152,  note  t 
Canon,  raising  the,  1 1 1 
Canons,  oonstruetii^  the,  16S 
Carteret,  1058 
Case  of  a  sextant,  renuork  on.  p.  I70b 

note 
Centigrade  therm.  Table  86,  ezpl.p.  402 
Centimetre,  Table  87,  explan.  p.  402 
Centre  of  a  circle,  to  find,  102 
Changes  of  alt.  669 
Channel,   different  oourset    up  and 

down,  p.  832,  note 
Character  of  savages,  p.  877 
Charts,  p.  122 

ofsmaU  districts,  892 
Chadng,  p.  94,  note  f 
Chord,  def.  180 
Chords,  scale  of^  106 

to  construct,  100 
Chronometer,  manner  of  fixing,  525 

position  to  be  preaerred,  526 

should  be  compared  when  moTed, 
526 

to  be  wound  up  regularly,  527 

when  stopped  how  to  set  a-going, 
527 

temperature  chief  cause  of  change 
of  rate,  528 

recommended  to  be  held  in  the 
hand  while  firing,  p.  174,  note  % 
-—  rating.    See  Ratings  p.  275 
Chronometers  perform  best  at  first,  580 

agreement  of,  581 

aU  in  error,  p.  844,  note 

affeoted  by  thunder-storms,  p.  174, 
note 

supplying  to  ships  generally,  Pref. 
p.  ix 
Chronometric  differences,  communi- 
cation of;  p.  281 
Circle,  def.  74 

to  divide,  101 

to  find  centre  of,  102 

to  draw  through  three  points,  108 
Olrcumflsrenoe,  74 
Circummeridional  alts.  705 
Civil  dv.  480 

time  converted  into  astron.  480 
Clear,  C.  It.,  p.  890,  note 
Clearness  of  water,  1082 
Closing  a  vessel,  p.  94,  note  t 
Clump  of  trees,  symbol,  p.  885  (6) 
Coal  depdt,  symbol,  p.  387 
Coooa-nut  tree,  importance  of,  p.  866 

(4) 
Colatltude,  def.  185 
Collinson,  Capt.,  remarks  on  the  varia- 
tion at  Chusan,  p.  74,  note 
Coloured  shades,  491    • 

error  ot,  499 
Combined  alts.,  on  the  term,  p.  287, 

note* 
Common  denominator,  9 

measure,  8 
Comparison  of  two  watches,  564 
Compass,  mariner's,  218 

adjustments,  222 

aelmuth,  219 

bearings,  symbol  fbr,  p.  885  (8) 

committee  upon,  p.  67,  note 

department,  p.  70,  note  $ 

4i9t.  asunder,  pp.  79.  285 

disturbed  by  lightning,  p.  69,  note 

instructions,  268 

prismatic.  2'iO 
•-*«•  names,  femarks  on  use  of,  p.  892 
Oomplcment  of  an  a»sl<>i  ^6 


Component  signs  (of^TmboIs),  p.  886 

Computation,  167  (2) 

Coix}unction,  457 

Construction,  167 

Conversion  of  times,  p.  198 

Cook,  1036,  1048,  pp.  377-879 

Coral  reefs,  navig.  amongst,  1082 

Corollary,  114 

Correcting  courses,  for  leeway,  418 

fbr  variation,  224 
Correction  of  alt.  p.  212 

the  sun,  p.  218 

the  Dioui,  p.  9li 

a  star  or  planet,  p.  914 

for  ship's  change  of  plaoe,  661 

for  lapse  of  time,  669  to  672 

of  the  decl.  &c.  p.  190 

of  the  course.    See  Coune. 

for  2d  differences,  598 

of  the  long,  by  D.R.  810 

Coeeoant,  def.  155 

to  find,  p.  866 
Cosine,  def.  158 

to  find,  p.  366 
Cotangent,  def.  154 

to  find,  p.  366 
Counting  seconds,  useftil,  268,  209 
Course,  def.  197 

how  measured,  197 

resolution  of  oneor  another,  p.  286 
by  compass,  951 

to  correct  for  rar.  224 

by  compass,  for  leeway,  418 

steered,  197 

shaping  the,  940 

in  a  current,  942 

on  a  great  circle,  944 

->—  when  the  long,  is  uncertain, 
1030 
— —  when  shaped,  1 004 
to  reduce  true,  to  course  by  com- 
pass, 147,951 

errors  of  the,  957 

Cross  bearings,  366 

departure  by,  366 

require  variation  to  be  known, 
866 
Crossing  mer.  of  180*,  p.  837,  note  * 
Cross  observation,  by  the  eirde,  510 
Cube,  67 

Cube  root,  to  extract  by  logs.  72 
Culmination,  def.  454 
Current,  how  named,  290 

sometimes  assumed,  1016 

drift  of,  oomputed,  291 

effect  of.  Is  always  mixed  up  with 
local  deviation,  290 

determination  of,  1016 
Current  sailing,  p.  90 

charts,  p.  122.  note  f 

Dally  variations.  Tables  21  and  21  a, 
explan.  p.  398 

by  Trav.  Table,  p.  367 
Dampfer,  1028.  1034 
Danger  <Uscovered,  1051 

determination  of,  1055 

transmitting  account  of,  1067 

duty  of  commanders  respecting, 
1055 

on  ice,  p.  356  (5) 
Danish  feet,  p.  368  (2) 
Darwin,  Mr.,  p.  360,  note 
Date,  change  of,  in  crossing  mer.  of 

180*.  971 
Dates,  civil  and  astronomical,  594 
Dauasy,  M.,  tides  affected  by  harom. 

p.  322.  note 
Day  remark  on  Dutch  lata.  p.  882 

and  night  equal,  when  sun  on 
equator,  462 

lost  or  gained  in  going  round  the 
world,  970 
Day's  work,  4 18 
Dead  reckoning,  203 

kecplnfr  the.  954 

errors  of  the,  956 
Decl  main.  6 

omitting  some  places,  86 

reduction  of,  8.  9 
Decimetre,  Table  36 
Declination,  def.  441 


Declination,  drdes  ol^  441 
paraUelsof;442 

reduction    or  oorr.      See    8mm, 

Moomjiui. 
corr.  ot  near  mer.  of  180",  p.  227, 

note 
instances  of  mistakes  in,  p^  SS6, 

note  t 

term  naed  for  variation,  907 

Dee,  H.M.8.V.,  leg,  p.  18i 
Deep  sea  lead,  898 

heaving  the,  400 
Degree,  def.  76 

of  Ions  smaller  in  hlf^  lat.  194 
Degree    or  dependenccb   PreCl   vlii ; 
principles,  62 

See  the  particnlar  observation 
Degrees  of  lat.  unequal  in  Merc.  Chart, 

879 
— —  proportion  of  on  Merc.  Chart,  879 
Denominator,  def.  12 
D'Entrecasteaox.  lOO^  p.  378 
Departure,  def.  200 

taking  a,  347 

is  secured  up  to  tiie  latest  period, 
408 

and  oorreip.  D  J«.,  Table  Z,  ex- 
plan,  p.  369 
Departares,  Chap.  IV.  p.  114 

by  a  bearing.  849 

by  sound,  852 

by  soundingBi  873 

by  two  liearings  and  distance  nm, 
850 

by  alt.  of  a  summit,  p.  1 16 

by  bearing  and  lat.  or  long.  S74 

by  cross  bearings,  866 

by  two  angle^  868 

by  two  alts,  of  a  summit,  361 

when    in  a  line   between  two 
pohita,  872 
Depresnon,  true,  def.  206 

Table  9,  explan.  p.  875 
Deseription-qrmbols,  p.  382 
Dessiou,  Mr.,  labours  on  tides,  p.  3Mk 

note 
Determinations  of  places,   mode  of 
indicating  accuracy  of,  p.  38! 

good  do.,  marked  0  or  noted  to 
decimals,  p.  379 

bad  do.,  marked  Ot  P*  879 
Diagonal  scale,  106 
Diameter  of  a  circle,  78 

of  the  earth,  180 
— —  apparent,  of  the  sun  and  moon 

affected  by  refiractton,  p.  164,  note  f 

measuring  do.  164  (2) 
Diffsrence  of  alt.  to  compote,  669 

is  a  test  of  obsorvatlon,  566 

of  axlmuth  required  in  a  doable 

altitude,  749 
of  lat.  def.  188 

how  found,  189 
-—  of  long.  def.  194 

how  found,  195 

determined  by  chron.  477 
Diff.  Long,  and  eorres.  dep.  Table  4 
Dip  of  the  horizon,  205 

Table  30,  explan.  p.  400 

is  variable,  207 

may  be  employed  to  the  nearasi 
min.  only,  p.  401 

accuracy  necessary  when  the  eye 
is  low,  546 

of  a  shore  horiaon.  Table  35,  ex- 
plan,  p.  402 

observations  in  Gulf  Stream,  p.  82 
-^  sector,  p.  166,  note  % 
of  the  needle,  226 

counteracted  by  weight,  227 

varies  with  the  lat.  226 

remark  on  the  term,  p.  316 
Director,  instrument,  p.  121,  nolo 
Discoloured  water,  1049 
Distance,  nautical  term,  defl  199 

error  of.  960 

between  two  places,  la  least  on  • 
greet  circle,  336 

of  the  visible  horiaon.  349 

Table  8,  explan.  p.  874 
— —  methods  of  determining,. p.  1 14 
by  sound,  858 
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Dbtanee,  by  change  of  bearing,  850 ; 
Teble  7,  ezplan.  p.  374 
by  alt.  of  land,  p.  116 
by  change  of  alt.  361 
of  the  celeetial  bodies  is  deter- 
mined by  their  parallax,  436 
Dinmal  ineqiudity,  936 
DiTerS,  a  rign  of  land,  1036 
Diride  a  line  into  equal  parts,  99 

a  circle  into  parts,  101 
IMvision  by  logarithms,  65 
Dockyards,  a  list  of,  p.  589 
I>ollond*s  circle,  516 
Double  altitude,  note  on  the  tenn, 

p.  237 
Double  altitude  of  the  Mrnv  body,  p.  337 

short  D.  alt.  730 

obserrations  on  wme  side,  739 
JDrgr.  qfdrpend.  730 

on  d0erenHlidetit  731 

Dfgr.  qf  depend.  733 
when  not  known  on  which  side, 
728 
by  stars  or  the  moon,  734,  &c. 
■        when  one  alt.  is  near  the  meri- 
dian, 737 
by  the  sun,  739 
by  the  moon,  743 
by  a  star,  741 
by  a  planet,  743 
Degr.  it  depend,  745 
•-^  when  neither  altitude  is  near  the 
meridian,  746 
the  simplest  case,  750 
by  the  sun,  751 
by  the  moon,  755 
by  a  star,  753 
by  a  planet,  754 
Degr.  c/depend.  771 
Ivory's  method,  757 
the  general  or  rigorous  process, 
773 
Double  altitude  cfd^jfhremt  bodies,  759 

one  alt.  near  the  merid.  761 
Double  altitude  below  the  pole,  765 
observations  not  at  the  same  inst. 

764 
neither  alt.  near  the  merid.  p.  844 
the  general  or  rigorous  process, 

770 
Degr.  qf  depend,  by  any  of  theee 

soluttons,  771 
not  necessary  to  correct  finr  diif . 
long,  made  good,  p.  846,  note 
Doable  rule  of  three,  p.  15 
Double   sextant,  general  method   of 

using,  504 
D.R.,  abbrev.  of  dead  reckoning,  308 
Drift  of  a  current,  390 
Ducom,  Court  d*observati<ms  nautiquet, 

p.  238,  note 
Da  Petit  Thouars,  M.,  p.  178,  note  ti 

1038 
D'Urville,  M.,  voyage,  1035 
Dutch  feet,  p.  368  (3) 
palms,  p.  368  (4) 

Earth,  figure  and  magnitude^  180 
Easting,  200 
Eclipee,  456 
Ecliptic,  459 

Egmont,  Mt.,  reported  heights,  p.  377 
Elevation  of  observer  affects  place  of 
horison.  805,  446  (3),  546 

affects  refraction,  p.  403,  note 
<-— -  effect  of,  on  altitude,  659 

on  time  of  rising  and  setting, 

638 
on  amplitude,  446  (1),  886  (8) 
Ellis,  Mr.,  p.  332,  note 
Kmerson,  Mr.,  p.  71,  note 
Enderby,  Messrs.,  p.  1 37,  note 
Entire  correction,  951 
E  pacts.  Table  14,  ezplan.  p.  896 
Equal  alu.  796 

at  sea,  796 

on  shore,  803 
—  equation  of,  797 

logs,  for  computing  do.,  Table  73, 
explan.  p.  417 
Eqtxal  oorr.  for  change  of  reftraet.  810 
liquation  of  equal  alts.  797 


Equation  of  time,  476 

to  reduce,  583,  584 

table  of.  Table  63,  explan.  p.  410 
Equator,  def.  183 

days  and  nights  equal  on,  183 

celesUal,  435 
Equatorial  instrument,  p.  159,  note 
Equiangular  triangles,  148 
Equilateral,  87 
Equinoctial,  183 
Equinox,  463 
Ericcson's  lead,  409 
Errors,  effects  of,  in  any  computation, 
See  Degree  qf  Dependence  in 
the  case 

oftheD.R.  p.  884 

of  the  time  at  sea,  978,  984 
E$9ay  on  the  Variation  t^the  Compau^ 

Bain,  p.  70,  note 
Euan  on  Magnetie  AUraeUomt,  Bar- 
low, p.  73,  note  t 
Establishment  of  the  Port,  Tulgar,  931 

correct,  923 

is  an  interval,  937 

remaric  on  the  term,  p.  881,  note 
Estimate  angles,  nseftil  to  bo  able  to, 

493 
Evolution,  70 

Falcon,  Adm.,  p.  81,  note 
Pastnet  ric.  It.,  p.  390,  note 
Favne.p.  368(1) 
FaTOurite,  H.M.S.,  p.  377,  par.  8 
Fe^ee  Is.  water  clear,  1 038-3 
Feet,  no.  of,  in  a  sea  mile,  199 

no.  of,  subtending  T,  Table  9, 

explan.  p.  375 
Dani«h,  Dutch,  &c.  pp.  368,  369 
Figure,  useftil  to  refer  to,  in  the  mind, 
167 
the,  is  the  ground  of  the  mathe- 
matical solution,  p.  51  (3) 
ahewint;  deduction  of  lat.  from 

mer.  alt.  p.  150 

shewing  deduction  of  mean  time 

from  a  star's  hour-angle,  p.  154 

shewing  deduction  of  mean  time 

from  the  sun's  hour-angle,  p.  156 

or  digit,  the  last,  35 

Figures  of  different  tracks,  890 
used  in  tables,  Pref.  p.  viii 
First  meridian,  191 
Fisher,  Bev.  O-,  magnetism,  539 

remark  on  chronometers,  p.  178, 

note 
on  observing  the  ha^  disc  of  the 

sun,  p.  177.  note 
on  lunar  observ.  p.  333,  note 

Appntx.  method  of  proj.  of  great 

circles,  389 
Fitzroy,  Capt.,  additions  to  the  sex- 
tant, 500 
remark  on  chrons.  p.  174,  note  X 
chronometric  measures,  p.  344,- 
noti  .  see  also  1034,  and  p.  381 
Fixed  stars,  p.  151,  note  *  ;  principal, 
R.A.  and  decltn.  of.  Table  63, 
explan.  p.  410 
times  of  passing  mer.  Table  37, 
explan.  p.  399 
Fleurieu.  1058 
Flinders,  9^.  p.  363 
Fog  or  base,  observing  in,  538,  539 
Fog-banks  sometimes  taken  for  land, 

1044 
Forbes,  Mr.,  p.  334,  note 
Foreign   measures,  p.  368,  he     See 

French. 
Forging  ahead  or  astern,  968 
Fractions,  p.  1 
decimal,  p.  6 

to  convert  vulgar  into  decimal,  83 

to  convert  decimal  into  vulgar,  34 

French  measures,  p.  368,  and  Tables 

36,  37,  explan.  p.  408 
Frigid  lone,  311 
Fuel,  how  symbolised.    See  b,  p.  887 

Gauttier,  observations  of  dip,  536 
Geographical  mile,  p.  367 
Geometry.  deA.  p.  31 
problems,  p.  34 


Geometry,  Theorems^  p.  88 
George,  Mr.,  609 
Gimbal%8l7 

Givry,   M.,  remarks  on   refraction, 
p.  178,  note 

on  chronometers,  p.  174,  note  X 

Glasses,  sand,  366 

should  be  often  examined,  367 
Globe,  def.  90 

principle  of  rectifying,  p.  143,  note 
Graham  shoal,  p.  337,  par.  3 
Grant,  Sir  R.,  p.  831,  note 
Graves,  Capt ,  p.  338,  note 
Great  circle,  def.  336 
Great  elide  sailing,  336 

places  on  same  side  of  eqoator, 
p.  106 

do.  on  d^l  do.  338 

includes  the  case  of  sailing  on  a 
meridian,  340 

gives  the  shortest  distance,  886 

keeps  the  port  directly  ahead,  840 

projection  on  the  chart,  886 

point  of  max.  separ.  in  lat.  846 

vertex,  343 

elements  of  some  tracks,  p.  118 

Greatest  common  measure,  8 
Greek  letters,  666 
Greenwich  date,  481 
— -  to  find,  without  chron.  576 

by  chron.  575 
Greenwich  M.T.  oorreetion  of^  for  8d 
diff.  of  lunar  diet.  Table  57, 
explan.  p.  406 
Grey,  Sir  G.  547 
Ground  log,  265 
Gu^ratte,  548 

Guns,  sound  of,  from  ice,  1048 
Qunter's  scale  not  described  in  this 
work,  Pref.  t1 


164, 


Hack  watch,  664 

Hall,  Capt.  B.,  Index-error,  pp. 
338,  note 
observ.  of  the  sen  horison,  536 
observ.  of  planets,  p.  338,  note  t 
Hand  lead,  899 
Hartnup,  Mr.,  p.  161,  note 
Heave  of  the  sea,  961 
Height  of  eye.    See  Elevation. 
Height  of  land  may  be  found  by  trial, 
p.  376,  note 
is  reckoned  from  H.  W.  p.  376 

of  tide,  comput.  of,  894 

Herschel,  Sir  J.  F.  W.,  Attronomy, 
p.  151,  note  t 
planet,  p.  151,  note  f 
Hewett,  Capt.,  rating  chron.  at  sea, 

p.  376,  note 
High  land,  finding  ship's  dlst.  ftt)m, 
p.  116 
alt.  of,  suhJect  to  variations,  307 
High  water, 

to  find  time  of,  roughly,  986 
nearly,  988 
See  Tide-Hew. 
times  of,  Table  13,  explan.  p.  894 
Home.  SlrEv.,  1034 
Horizon, 

sea,  or  visible,  304 
apparent  places  of^  changes,  308 
from  a  boat,  538 

place  of  do.  in  a  fog,  p.  173,  note 
is  in  the  same  state  all  round,  536 
undulation  of,  indicates  extraor- 
dinary reftwetions,  p.  1 7 1 ,  note  * 
refraction  of,  affected  by  shoals, 
&c,  p.  178,  note  * 

rational,  421 

Horixontal  parallax.  435 
See  Moon^  Planet. 
Horn-book,  Storms,  pp.  350, 853,  notes 
Horn  semicircle,  or  protractor,  108 

useAil  in  laying  down  points,  369 

Horsburgh,  p|,   184,  333,  338,  notes 

instance  o'  fallacious  agreement 

of  lunar  anU  chron.  p.  333,  note  * 

do.  of  orronecos  lunars,  p.  333^ 

notet 
Hour-angle,  def.  467 

to  And,  trook  mean  ttme,  p.  800 
of  the  son,  609 
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Hoar-angto,  of  the  moon,  613 
of  asUr,  611 
from  the  alt.  618 
from  a  doub.  alt.  p.  S58, 

note 
flnom  the  ailni.  616 
fh>m  the  alt.  and  admnth, 

617 
from  change  of  alt.  near 
the  roerld.  623 

on  passing  the  prime  vertioal,  618 

Table  29,  explan.  p.  400 
at  rising  and  setting,  620 
Hore-to,  to  ulow  for  in  day's  work,  418 
Hurricanes,  theory,.p.  348 
progress,  1020 
dimensions,  1024 
seasons,  i027 
indications,  1038 
Hjpothenuse,  def.  89 

made  radius,  p.  47,  3. 

Ice,  neighbourhood  of,  Indicated  by 

temperature,  1088 
lee  Islands,  a  danger,  1062 
taken  for  land,  1045 
danger  of  landing  on,  p.  856  (5) 
decrease  of  wind  near,  1058 
drift  of.  1052 
blackness  at  night  and  in  fog,  near, 

1052 
yields  ftresh  water,  bat  not  Always, 
1094  (5) 
DIusory  appearanoM,  p.  859 
Imbros,  Mt.,  an  example,  894 
Inclination  of  the  ship  alters  local  de- 
viation, 240 
manner  of  noting,  p.  134,  note  f 
remark  on  the  term,  p.  316 
Index  of  a  logarithm,  57 

to  put,  69 
Index,  bar  of  a  quadr.  or  sext.  spring 

of,  p.  164,  note  $ 
Index  error,  496 

to    measure,    by    the    boriaoo, 
496(1) 

by  the  sun,  496  (8) 


p.  174, 


Inspection,  nature  ot,  167 
Itutruction  rfgltmetUaire,  Ac, 

note} 
Instrument  for  taking  a  position  on  a 

straight  line,  p.  181,  note 
Instrmnents  of  navigation,  p.  64 

nauuoal  aatnm.  p.  160 

for  drawing  geometrical  figures, 

91 
Integer,  1 
Interpolation,  50 

note  on  mental,  p.  197 

for  second  differenoes,  p.  196 

Interval 

of  Sid.  T.  to  turn  to  M.  T.  603 
of  M.  T.  to  turn  into  8.  T.  601 
In  a  double  alt.  not  to  be  cor> 
reeted  for  change  of  long.  p. 
246,  note  t 
Inverse  proportion,  88 
Involution,  66 
Iron  may  become  magnetic,  244 

In  the  ship  aflbots  the  oompaas, 
230,  &0. 
Ironsides,  the,  257 
Irradiation,  712 
Isabella,  experiments  on  board,  p.  78, 

note  t 
Islands,  small,  appearance  diilbrent  at 

high  and  low  water,  1060 
Isosceles,  87 
Ivory's  refract,  p.  401 

method  of  doable  alt.  p.  349 

Johnson,  Capt.,  exper.  on  iron  vessels, 

pp.  70,  72,  78,  79,  note 
Journal,  chip's,  403 

suggestions  on,  413 
•~~—  ex.  of  man-of-war's,  413 

of  a  man-of-war  st.  vessers,  414 

of  a  merchant-ship's,  415 
Jupiter,  planet,  p.  152,  note 
•—  B.  A.  and  decl.  to  reduce,  595 

observed  by  day,  p.  838,  note 

long,  by,  878 


Keane,  Lieut,  p.  71,  note 
Kerguelen,  Yoy.  1047 
Kilometre,  Table  87,  ezplan.  p.  403 
King,  Capt.,  p.  333,  note 

,  Mr.,  p.  71,  note 

Knot,  860 

Krusenstem,  Admiral,  p.  877 
his  Memoirs  quoted,  1058 
KuUen  It.,  p.  890 

La  CatUe,  543 
Land,  making  the,  1039 
what  to  be  set,  406 
Indications  ot,  1035 
last  p(^t  mentioned,    position 
given,  p.  876 
Latitude,  def.  184 

how  deduced  from  the  aer.  alt. 

451 
Is  measured  in  miles,  186 
difr.  of,  188-9 

Is  determined  abeolutely,  680 
Importance  of,  p.  825,  note 
reasons  for  introducing  the  seve- 
ral methods  in  this  work,  p.  335, 
note 
keeping  account  of, 

2^  aec.  or  D.  iZ.,  954 
errors  of;  964 

in  a  double  alt.  p.  343,  note 
Fmdbitg  bif  ob§er9€ttiim, 

byMer.alt.  681 

of  the  sun,  688 
of  the  moon,  698 
of  a  star  or  a  planet, 
687 
Degr.  <^  Depaid.  of  this  me- 
thod, 695 
figures  illustrating,  p.  150 
•  —  by  Red.  to  the  merid.  p.  331 
by  the  sun,  699 

by  the  moon,  or  star,  or  a  pla- 
net, 703 
not  near  noon.    See  JknMe  Alt. 

by  equal  alta.  near  noon,  733 

do.  not  near  noon,  746 
— —  by  Clrcumsneridional  alts, 
by  the  sun,  706 
by  a  star  or  a  planet,  713 
Degr.  qf  Depend,  in 

by  Dooble  Altitude.    See  Dotible 

AU. 

by  Alt.  of  the  Pole  Star,  p.  359 

T.jrt1tndes  and  Longitudes  <«  Places. 
See  Uaritime  Poeitiom. 
on  transmitting  ooTTeetloDS  ot, 
1067 
Lawrence,  St.  Riv.  loc  dev.  p.  383,  not* 
Laaarev,  M.,  547 
Lead,  397,  &c 

rate  of  descent  of  band,  897 
Lead-Une,389 

when  re  measored  should  be  wet, 
899,  note 
League,  199 
Leeway,  903 

to  correct  the  course  for,  418 
should  always  be  marki^  on  the 
log-board,  407 
Leg  of  an  angle,  81 
Li^thouses,  painted,  p.  890,  note 
Lightning  has  disturt>ed  tfie  compass, 

p.  68,  note 
Ll^ts,  many  Inserted,  p.  378, 6th  par. 
remarks  on  unpractical  descrip- 
tions, p.  390 
Light-vessels,  description  ot,  p.  878 
Limits  of  obs.  and  methods,  p.  51 
Line,  instrument  for  taking  position 

npona,p.  121,  note 
Local  deviation,  334 

varies  with  the  magnetle  dQp,  387, 

341,  242 
in  men-of-war,  p.  73 
lU  quantity,  387 
Is  little  or  nothing  at  M.  or  S. 

335 
is  generally  less  above  the  deck, 

388 
place  of  none,  239 
when  greatest,  236 
the  amount  messnrsd,  363, 853 


Local  deviation,  is  Inflneneed  by  the 

nature  of  the  shore,  346 
is  aifeeted  by  the  indtauition  ef 

the  ship  under  sail,  340 
— —  when  of  most  consequeooe,  993 
affects  opposite  courses  nneqnaUy, 

953 
gives  rise  to  apparent  changea  of 

wind, 969 
cannot  always  be   perfeotly  al- 
lowed for  by  calculation,  p.  78, 

note 
need  not  be  separately  consklered 

In  navigstion,  991 

bow  found,  251,  &c. 

Log,  259 

heaving  the,  368 

Massey's,364 

ground  do.  265 

m  steam-vessels  gives  too  nmch 

distance,  962 
-—^  ship's.    See  Journal. 
Log-line  should  be  wetted  when  mea- 

sared.363 
line  erroneoos,  363 
should  be  often  tfTTr'"*'*r^.  3G3 
Logarithm, 

to  find  the,  of  a  number,  56 

to  find  the  number  oorresponding 

to,  59 
to  place  the  index,  56 
Logarithmic  difference.  Table  73,  ex^ 

plan.  p.  417 
to  correct  tat  bar.  and  tberm. 

p.  854 
to  compute  the,  p.  418 
Logarithmic  dnes,  cosines,  ftc. 

to  quarter-points^  Table  65,  ex- 
plan,  p.  412 
to  half  minutes,  Table  68,  explan. 

p.  413 
derivation    of  these    quantities 

from  the  log.  sine,  p.  415 
sines  to  ten  seconds.  Table  67, 

explan.  p.  413 
Logarithms,  66,  fltc 

arithtnetical  operations,  by,  64, 

Am. 
practical  suggestions  in  oting,  60 
number  of  places  to  be  used,  60 
remarks  on  an  abuse  ot^  p.  197« 

note 
reasons  ftnr  the  number  of  places 

given,  PreH  viil 
uses  in  trigonometry,  165 
of  numbws.  Table  64,  explan. 

p.  411 
Log.  sine,  to  convert  Into  a  prop.  log. 

p.  419 
log.  dne,  subtracting,  p.  49,  note 

tang.,  to  find  from  log.  sine 
Log.  sine  square^  Table  69,  explan. 

p.  415 
Long  glass,  366 
Longitude,  def.  191 

may  be  reckoned  dther  B.  or  W. 

193 
bow  measured,  193 

diir.  of,  194,  195 

is    determined    relatively    only 

836 
keeping  aooount  of.  956 
by-acc  or  D.  R.  is  more  correctly 

kept  in  low  lats.  967 
error  of;  966 
should  be  marked  tor  time  of  oba. 

1007 
—^  finding  by  observation,  p.  379 
by  chron.  827 
by  lunar.    See  Ltmar  O&s. 
by  the  moon's  alt  864 

to  diminish  the  errors  of  this 
method,  6G6 

choice  of  results,  868 

Degr,  qf  Depend.  869 
by  an  occultation 

of  a  star,  678 

of  a  planet,  875 

Degr.  qf  Depend.  877 
by  Jupiter's  satellites,  878 
— «  dUforence  of,  to  detennlne,  830 

partlonlars  essential^  838 
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LoDgitudet  of  fdaeti.     Am  Maritime 

kgr  lunan  and  chroni.  mixed,  no 
longer  of  value,  p.  379,  per.  1 
Lozodromlc  corre,  p.  Ill,  note  f 
Labbock,  Sir  John,  on  Udea,  p.  817» 

note 
Lunar  dlstanoe,  to  correct.  See  Lunar 
Ob*. 
clearing  the,  approz.  methodi, 
Pref.  Til 
lat.  Inspection,  841 
2d,  Logarithms,  844 
Rigorous  method,  846 
— —  special  corrections  of,  861 

eUiptioal  disc,  863.  and  Table 

53,  explan.  p.  406 
spheroidal  flg.  868 
ineqoalltj  of  moon's  moti<m,  866 
these  corrections  cannot  all  lie 
the  same  waj,  859 

effect  of  error  of  V  in.  Table  58, 

explan.  p.  406 
Lunar  obserration,  determination  of 
the  long.  by.  836 
is  leas  availi^le  in  polar  regions, 

9A9 
danger  of  trusting  to  on«  onlj,  p. 
333,  note  * 
Lunar  obeerrations,  mean  of  two  not 
always  oorrect 

by  the  sun,  847 

by  A  star  or  planet,  849 

finding  the  time  at  Greenwich, 

848 

connputalion  of  the  alts,  in,  863 

Lunar  Tables,  error  o^  863 
Lynn's  Tables,  p.  245,  note 

M   and    N.     See  Spherical  Trawru 
Table  (Table  5),  explan.  p.  370 
Maclear,  Mr.,  long,  of  Martrai,  Prat  x 
Magnetic  axia,  322 

Magnetic  bearings  and  oounea,  a  no- 
t«tion  for,  p.  386-6 
equator,  p.  69,  note* 
latitude,  226 

needles'  eCBsot  on  each  other,  228 
how  to  keep.  229 
— ^  alorma,  an  instanoe,  p.  69,  note  f 
Magnetlflm  produced  in  iron  by  time, 
2U 
of  the  ship  efaangea  with  her  Bt»* 

tkni,  242.  244 
alTbeted  by  lightning,  p.  69,  note 
Magnitudea  of  the  stars,  p.  411,  and 

note  • 
Man-of-war's  log,  418 
Mantissa,  p.  18,  note 
Maritime  positions,  arrangement,  p. 
378,  and  Pref.  x 
heights  given,  p.  375,  last  par. 
abbreviations,  p.  886 
g(iven  to  r,  and  tenths  of  T,  p.  376 
STmbols  denoting  degree  of  pre- 

eislon,  p.  881 
do.  description,  p.  882 
secondary  meridians,  p.  380 
— ~  Table  10,  explan.  p.  875 

application  ot  p.  878 
Marquoi's  rulers,  91 
Blars,  R.A.  and  decl.  to  reduce,  594 

period^.  161,  note 
Martin,  Mr.  K.  B.,  obaerr.  on  refrac- 
tion, 209 
Maskelyne,  Dr.  176,  note 
Masaey's  log,  264 
lead,  408 
Maximum  separation,  in  lat,  point  eS, 

846 
Mean  level  of  the  sea,  920 
Mean  time,  476 

how  deduced  frtaa  the  motion  of 

a  star,  478  (4) 
bow  deduced  from  the  motion  of 

the  sun,  478(1) 
to  convert  into  app.  time,  606 
to  convert  into  sid.  time,  608 

Jiilerval  pf.    See  Interval. 

Means,  remarks  on  takinfr,  998,  1002-3 
French  and  Engl ish.  Tab.  37 
fcreign,  reduction  of,  p.  368 


Mechanical  methods  of  counteracting 

local  attraction,  p.  78 
iitmoire  mr  remploi  dee  cAronomitre$, 

p.  174,  note  f 
Mercator's  chart,  378,  879 

use,  380 

to  find  lat.  and  long,  of  a  point 

on,  380 
to  find  the  bearingt  between  two 

places,  381 
to  find  the  distance  between  two 
places  (on  the  rhumb  line), 
382 
to  find  the  ship's  place  on  the 
chart  by  her  course  and  dist. 
384 

to  lay  off  a  pointon  the  chart,  888 

proiection  of  the  voyage  in  a  peat 

circle,  386 
figures  of  diflterent  traoka  upon, 

890 
figures  of  districts,  892 

construction  of^  391 

Mercator's  saUlng,  821 

is  a  perfect  method,  821 
caution  in  high  lata.  835 
selection  of^  330 
Merchant  ship's  log,  p.  188 

remarks  on  keeping,  416 
Meridian,  def.  183 
first,  191 
celestial,  426 

times  of  passing,  p.  206 

ofthesun,  623,  fcc. 
of  the  moon,  p.  207 
of  a  star,  626,  and  Tables  27  and 
27a,  explan.  p.  399 

sailing  on  a,  U  a  case  of  great 

circle  sailing,  340 
Meridian  altitude  U  not  the  maaimum 
alt.,  except  of  a  star,  p.  236, 
note  t 
figures  shewing  deduction  of  1st. 
from,  p.  160 

to  find  from  decl.  and  lat.  668 

Meridian  distance.    See  Hottr-Jngle 
Meridiaus,  secondary,  Pref.  x  and  p.  380 
denoted  In  Table  10  by  small  ca> 
pitals,  p.  376,  par.  5 
Meridional  diff.  lat.  322 
Meridional  parts.  Table   6,   explan. 
p.  373 
computation  of,  p.  878 
Metres,  Table  36 
Methods  of  solution,  167 
Middle  Utitude,  314 
Middle  lat.  sailing.  312 

founded  on  par.  sailing,  312 
has  two  cases,  813 
is  not  a  correct  method,  821 
may  be  made  as  correct  aa  re- 
quired, in  one  eaae,  330 
is  preferable  to  Mercatoc^  aail- 

ing,  in  one  case,  335 
estimation  <^  error  oC  881 
selection  of^  330 
deduction  of  rules,  312 
old  rule  erroneous,  p.  98,  note 
BCile,  sea,   nautical  or  geogr^hical, 
186,  and  p.  374,  note 
sUtute,  p.  367  (1) 
the   term   used  erroneously  by 
seamen   for  minutea,  p.  835, 
notef 
Millimetres,  Table  87,  explan.  p.  402 
Minutea  of  arc,  74 

are  not  milct,  p.  335, 
note  t 
Mirny  and  Vostok,  voyage  of  the,  p. 

377.  note  f 
Moon,  mean  period  of  revolution  or  a 
lunation,  p.  396,  Table  14 
Jointly  with  the  son  produces  the 

tides,  909 
age,  to  compute  roughly,  932  (1) 
alt.,  remark  In  observing,  540 
to  correct.  654 
correction  of  Table  89,  explan. 

p.  403 
kmg.  found  from,  p.  301 
— -—  declination,  to  reduce,  689.  and 
Table  83,  explan.  p 


Moon,  R.  Asc,  to  reduce,  591 

least  and  greatest  variations  oL 

691 
hor.  parallax,  to  reduce,  588 
semidiameter,  to  reduce,  588 

too  small,  p.  397,  note 

effect  of  error  of  her  place,  in  a 

lunar,  kfC.  863 
merid.   pass,  to  find,   627,  and 
Table  38,  explan.  p.  399 

rising  and  setting,  637 

to  allow  for  refruction  and  helgfac 
of  eye,  688 
Moro,  Senor,  309 

Motion  of  observer,  effect  on  obaerra 
tions,548 

Nadir,  def.  423 

Names  of  places,  differently  given  by 

different  people,  p.  877 
Navigating  the  ship,  p.  339 
Navigation,  def.  p.  55 

instruments  of,  p.  64 
Navfgation  Iff^aroved,  381 
Nautical  Astronomy,  p.  143 
instruments  of,  p.  160 
NauHeal  Magazine  contains  aooonnt 

of  errors  discovered  from  time 

to  time  In  this  work,  **  Correo- 

tions  and  additions." 
discussion  of  longitudes  in.  Prat 

p.  ix,  kc. 
Hearing  the  port,  rate  of,  285 
Needles,  magnetic.     See  Magnetiam, 

Local  Deviation 
Night  observation  should  be  practised, 

977 
Noon,  observationfl  at,  marked  in  log; 

405 
Northing.  188 
Numerator,  p.  1 

Obaervations,  on  taking,  with  or  with- 
out anlBtants,  p.  183 
on  a  field  of  ice,  483 
Oboerver  should  take  aU  parte  of  aa 
observation  himself  568 
should  always  observe  accurately, 
533 
Obtuse,  86 
Occultation,  p.  804 

long,  by,  804 
Olympus,  Mt.,  an  example,  894 
Opposition,  467 
Orthography  of  names,  p.  878 
Outer  alt.,  tb?  term,  725,  740  (8) 
Owen,  Admiral  Sir  Edw.  R.,  remark 
on  double  alts.,  p.  246,  note 

Adm.  W.  F.  W.,  double  alts.,  p. 

338,  note 
variation,  p.  74,  notes 
surveys,  p.  381 

the   examples  chiefly  ft^>m  his 
journals,  Pref.  rii 

Gapt.  R.,  remark  on  jumps  of 

chron.  p.  175.  note 
on   changea  of 
chron.  p.  174 


temperatnre  on 


Palms,  Dutch,  p.  368  (4) 
Parallax  hi  alt.  436 

is  leas  as  the  distance  Is  greater, 

436 
varies  with  the  observer's  lat.  437 
of  the  sun.  Table  34,  expl.  p. 

403 
of  the  planeta,  Table  45,  explan. 

p.  404 
of  the  stars,  or  annual,  appro* 
ciable  only  In  one  or  two  cases, 
p   151,  note* 
Parallel  lines.  73 

to  draw,  98,  94 
Parallelism  of  the  telescope  In  a  sex- 
tant, 495  (3) 
Table  54,  eiplan.  p.  407 
Parallelogram.  180 
Parallel  sailing,  301 

may  be  used  when  the  course  is 

not  due  8.  or  W.  810 
principles,  M9-<8 
figure  of  track  on  the  chart,  8N 
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ParenthesiB,  in  Table  10b  um  o(  p.  SH. 

par.  4 
Pan7,  Sir  Edw.,  536,  1058,  pp.  357. 
660 

when  wintered.      Se€  (116)   2, 
(117)3.(118)3 
Passage  of  the  merld.    See  Merid, 
Panagea,  Table  12,  explan.  p.  394 
Perpendicular,  def.  85 

methods  of  drawing,  96,  97 
Personal  equation,  pp.  53,  54 
Piddington,  Mr.,  p.  350,  note 
Phipps,  voyage,  1045 
Pieds,  p.  368  (7) 

Place  of  the  ship  is  determined  in  two 
ways,  179 

by  D.  R.  954 

by  obs.  974 

remark  on  finding,  990 

change  o^  how  affecta  alts.,  548 
See  also  Position. 
Places.    See  Maritime  FositUmi. 
Places  called  by  diff.  names,  p.  377 
Plane  chart,  392 
Plane  sailing,  271 
Plane  triangle,  87,  note 
Planets  enumerated,  p.  151,  note 

oboenred  best  at  twilight,  977 
Pocket  sextant,  486 
Point,  76 

Is  used  in  two  senses,  197 
Points  of  the  compass,  213 

further  utility  of,  215 

corresponding   degrees  and  mi- 
nutes, p.  66 
Polar  angle,  770 

circles,  211 

distance,  443 
Pole.  424 
Pole-star,  to  find,  667 

oorr.  of  alt.  Table  51,  explan. 
p.  406 
Fort,  rate  of  clodng,  285 

is  kept  right  ahead  on  a  great 
circle  only.  840 
Position  of  ship  with  respect  to  land, 
how  defined.  347 

on  the  chart,  p.  344 

on  a  line  of  bearing,  p.  845 

by  two  angles.  368,  &c. 
Powers  of  numbers,  66,  67 

of  a  telescope,  543 
Practical  ^metry,  p.  21 
Practical  illustrations  of  the  necessity 
for  ascertaining  the  deylations 
of  the  compass,  p.  70,  note  % 
Pricking  the  ship  off,  1004 
Prime  rertical,  def.  428 
—  time  of  passage 

of  the  sun,  628 

of  the  moon,  633 

of  a  star  or  planet,  632 

accurately,  634 
— ^  altitude  on  the,  664 
Prismatic  compass,  220 
Problem,  def.  73 

Projections,  properties  of  cert^n,  892 
Proportion,  direct,  pp.  10, 1 1 

Inverse,  p.  16 
Proportioning,  in  tables,  p.  14,  ex.  6,  7 
Proportional  logarithms.  Table  74,  ex- 
plan,  p.  418 

remarks  on,  p.  419,  note 
Propositlous  of  geometry,  p.  33 

of  trigonometry,  p.  158 

Quadrant,  def.  79 

the  instrument,  and  sextant,  485 
manner  of  observing  with,  487 
adjustments,  495 

Quicksilver  horixon.  517 

Radius,  78 

of  the  trigonometrical  tables  is  I, 

164 
log.  of  the,  is  10,  p.  48  (2) 
Ramsay,  Capt.,  pp.  335,  354,  2ISfl,  not« 
Rate  or  chronom.  812 

change  of,  detected  on  '"■*^*"g 
the  land,  820 
Rate  for  less  than  24i>,  832 
See  Chronometer, 


Rate  of  sailing,  affected  by  tarlous 
causes,  960 
Is  estimated  by  seamen,  nearly, 

p.  334,  note 
of  current,  291 

of  nearing  a  port,  885 

Rating  the  chronometer,  818 
by  the  absolute  time,  816 
by  the  longitude,  820 
by  intervds  of  time,  821 
by  diff.  of  long.  823 
Ratio,  36 
Reading  off,  494 

troublesome  at  night,  541 
may  be  postponed,  p.  170,  note 
Reaumur's  therm.  Table  36,  explan. 

p.  402 
Reduction  of  fractions.  Tulgar  and  de- 
cimal, pp.  8,  9 
Reduction  of  the   astronomical  ele- 
ments to  the  Greenwich  Date, 
579 

by  prop.  logs.  597 

by  special  logs.  597 

to  the  merld.  7 1 1 

limits,  Table  47,  explan.  p.  404 
to  compute,  at  sea,  705 

Table  70,  explan.  p.  416 
sec.  do..  Table  49,  explan.  p.  405 
value  of.  when  2d  red.  amounts  to 
1',  Table  48,  explan.  p.  405 
— —  of  latitude.  Table  52,  explan.  p. 
406 

Reflecting  circle,  p.  167,  note 

use  of,  in  observing  two  angles  or 
alts.  5H 
Reflractlon,  astron.  433 

Table  31,  explan.  p.  401 
varies  with  state  of  air,  433 
corrections  of,  Tables  32,  33,  ex- 
plan,  p.  401 
is  less  for  a  depression,  p.  21 1 ,  note 
tables  of,  adapted  only  to  level  ot 
sea,  p.  403,  note 

effect  of,  on  figures  of  the  sun  and 

moon,  852 
TiAng  or  setting,  638 
on  apparent  amplitude,  p.  149  (1) 
lateral.  209 
terrestrial,  807 
Refrnihments,  how  ^mbolised,  r,  p. 

389 
Reld,  Col.  848.  note,  1086, 1028 
Rennell,  pp.  886,  341,  notes 
Repeating  reflecting  circle,  505 

noting  the  time  in  obeenrations 

with.  506 
effects  of  errors,  615 
cross  observation,  510 
to  observe  two  alts.  514 
caution  respecting  the   crooked 
handle,  b&l 
Resolve,  to,  a  distance  made  good  in 
one    direction   upon  another, 
885 
Results,  general  remarks  on  oomUn- 

ing  different,  997 
Retardation,  Table  84,  explan.  p.  898 
Revolving  It.,  note  on  the  term,  p.  390, 
note 

storms,  p.  348 

Rhumb,  def.  198 

is  not  the  direct  course  for  the 
port,  340 
Riddle,  Mr.,  long,  of  Madras,  Pref.  z 
Right  angle,  84 
Right  ascension,  def.  469 
Riring  and  setting,  times  of^  p.  210 
ofthesun,  636 
of  a  star  or  planet,  637 
effects  of  reflract.  and  height  of 
eye,  638 
Robinson,  Dr.,  on  irradiation,  718 
Rocks,  whales  taken  for,  1046 
Roof  the   quicksilver  should  be  re- 
versed, 554 
how  to  be  placed,  519 
to  be  used  only  when  indispen- 
sable. 554 
Ross,  Sir  John,  p.  70,  note,  p.  559 
where  wintered,  (116)  3 


Roes,  Sir  Jaa..  848,  fiOr.  p.  Si9 
Rollers,  1064 
Rule  of  three,  pp.  IS,  16 
Ruler,  91 

to  test  a,  98 
Rules,  extent  of  the  raiiomale  adhnit- 

ted  in  this  vofamM,  Pref.  zr 
Involving  many  cases,  are  gives 

in  the  form  of  tables,  Pref.  v 

pp.  74,  131,  357,  note 

Sabine,  Col.,  work  quoted,  p  68,  note  * 

rating  the  chronometers,  812 
Sailing  diractions,  reference  to,  p.  839 
Sailings,  p.  82 

to  work  by  canons,  99 
admit  of  two  general  cases,  870 
See   ParaUeU    Mereaior,    Mid. 
Lat.t  Great  Circle. 
Sandy  places,  why  noted  in  Table  10^ 

p.  377,  par.  2 
Sashes,  p.  368  (II).    (&Ofn.) 
Saturn,  period  and  satellites,  p.  151, 
note 
R.A.  and  decl.  596 
Savages,  remarks  on,  pp.  377-8 
Scales,  common,  104 
diagonal,  105 
of  chords,  105-7 
—^  to  construct,  109 

conversion  of  foreign  therxnoma- 

ter,  Table,  36 
Schomburgk.  Sir  R.,  long,  of  St.  Jo*- 

quim,  p.  299 
Screens,  or  shades,  491 

eye  ditto,  useful,  491 
Serewt,  caution  respecting,  497 
Sea,  mean  level  of,  920 
Seasons  reversed  in  S.  lat.  404 
Sea-weed  not  a  certain  indieatioo  of 

Und,  1035 
Secant,  163 

to  find,  p.  366 
Second  of  lat.  is  101  ft  166 
Secondary  meridians.  Pref.  x,  p.  380 
are  denoted  in  Table  10  by  noall 

capitals,  p.  376 
Importance  of  establishing,  p.  380 
enumerated,  p.  380 
take  no  symbols,  p.  888,  1  Ith  par. 
Second  difference,  598,  fcc 
Table  25,  explan.  p.  398 
of  alt.  556 

varies  as  the  square  of  the  Inters 
val,  p.  188,  ex. 
Seconds  of  time,  nseftil  to  be  able  to 
count,  868 
of  arc,  75 
Sector,  110 
Semicircle,  77 

convenient  for  laying  off  angles, 
866 
Semidiameter  of  the  celestial  bodies 
449 
is  less  as  the  (Ust.  Is  greater.  489 
is  greatest  in  the  senlth,  440 
Semimenstrual  inequality,  984 

for  certain  places^  Table  15 
Setting  an  object,  201 
Sextant,  485 

manner  of  using,  487 
adjustments,  495 
parallax  o^  p.  164,  note 
case  or  box  for.  p.  170,  note  * 
methods  of  increasing  efllidency, 
p.  166 
Shades,  remark  on  using,  491 
may  produce  eirors,  499 
Ship's  journal, 

all  matters  relating  to 
ship's  place  Inserted, 
412 
Ship's  change  of  place,  bow  aflnscta 

altitude,  548 
Shoal  patch,  how  symbolised,  p.  885, 6 
Shore  horizon,  549 

Table  35.  explan.  p.  408 
Short  glass.  266 
Sidereal  day.  470 
time.  471 

to  convert  into  mean  thne. 
607 
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sidereal  time  at  mean  noon,  477 

to  reduce,  585 
Sightly  A.H.  and  p.m.,  Bfaoold  not  be 

mixed,  816 
Signs  and  abbreTiationa,  p.  10,  note 
or  ayinbolB,  attached  to  places, 

?.382 
the  aodiao,  460 
Small  circle.  336 
Similar  triangles,  147 

the  rides  proportional,  148 
Sine,  def.  152, 168 

dlif.  of  do.  and  are,  p.  267,  note  t 
Smyth,  Adm.  W.  H.,  pp.  355, 361,  note 
Solar  day  yariea,  475 
SolsUce,  464 

Solutions,  two  classes  admitted  In  this 
work,  Pref.  t1 
methods  of^  p.  50 
remarks  on,  p.  50 
all  in  this  work  logarlthmio,  PrefL 

p.  ▼! 
by  assumption,  p.  61,  note 
Somad,  Telocity  iO,  352 
aflboted  by  idnd,  852 

omitting  to,  inexcusable,  1042 

Sounding,  396 

in  deep  water,  401 
instruments  for,  402 
Soundings,  the  only  uneqolTOoal  rign 
dflaod,  1042 
ahip  sometimes  oondneted  by,  897 
how  symbolised.     See  Dejrtk,  p. 

387 
•ni^  for  yerifirlng,  868 
Soothing,  an  inefflaont  term,  p.  828, 

notot 
Speaking  a  Teasel,  noted  In  the  log, 

412 
Sphere,  def.  90 
Spherical  TraTVse  Table, 
Table  5,  explan.  p.  870 
triangle,  886 
Square,  dn.  185 
Square  of  a  number,  67,  68 

to,  a  small  arc,  p.  407  (explan.  of 

Table  56) 
Square  root,  to  extract  by  logs.  71 
Squares  of  certain  numbers,  giTsn  in 

Table  8,  explan.  p.  874 
Standard  compass,  258,  996 
Stars,  fixed,  note  upon,  p.  151 
fouling  the,  p.  158 
list  of  principal.  Table  68,  explan. 

p.  410 
magnitudes,  p.  41 1 
rise  earlier  CTery  night,  458 
bow  identified,  568 
obserTing  alts,  ot,  at  sea,  541 
obe.  in  twilight,  977 
times  of  merid.  pass.  Table  27, 

explan.  p.  899 
remark  on  the  necessity  of  ob- 
senring,  p.  977,  note 
Statute  and  geograph.  miles,  p.  367  (1) 
Steam-yesaeto  adapted  to  sounding  in 
great  depths,  401 
dist.  by  log  too  great,  962 
finrm  otUtg^  pp.  136, 137 
Steering  compass,  217 
Steering  by  the  compass,  manner  of, 
218 
the,  affects  the  sailing  of  the  ship, 
960 
Stores,  places  where  obtained,  p.  689 
Straight  line,  drawing,  91 

between  two  pts.   to  preserre, 
p.  121,  note 
Stream  of  wind,  adTantage  of  working 

in,  299 
Submarine  Tolcanoes,  p.  377 
Subordinate  computations,  p.  187 
Subtend,  88 

feet  subtending  T,  Table  9,  ex- 
plan,  p.  875 
SulliTan,  Comm.,  p.  845,  note 
Sumner's  method,  p.  345 
Sun, 

figure  elongated,  209 

Jointly  wiw  the  moon,  produces 

tides,  910 
dipping,  p.  226,  note 


SuOp 

altitude,  caution  in  obserring,  490 
to  correct,  at  sea,  647 
accurately,  649 
— »  declination,  Table  60,  explan.  p. 
409 

to  reduce,  at  sea,  579, 
and  Table  19,  ex- 
plan,  p.  897 

accurately,  680 
right  asoensian.   Table  61,   ex> 
plan.  p.  410 

to  reduce,  581,  562 
parallax   and  semid.  Table   34, 

explan.  p.  402 
semid.  Taxlation  oC  proTos  change 
of  his  distance,  489 
— —  rising  and  setting,  time  of,  634 
to  allow  for  refi:.  and  ht.  of  eye, 

686 
difference  of^  at  the  base  and 
summit  of  a  mountain,  636 
Supplement,  86 
SurTcying  not  treated  in  this  work, 

for  reasons  stated,  Pref.  x 
Swart,  M.,  Tables,  p.  380 
Swedish  feet,  p.  369  (15) 
Swell,  how  noted,  410 

is  marked  in  the  log,  410 
Symbols  of  determination,  attached  to 
places,  p.  381 
of  deecriptlon,  p.  882 

Tables,  remarks  in  taking  quantities 
out,  60 
to  supply  the  Nautical  Almanac, 
p.  409 
-— pxindples   of  the   arrangement 

stated,  p.  866,  note 
Tangent,  def.  154 
to  find,  p.  866 
Teleeoope,  powers  used,  548 
remark  in  using,  542 
raising  or  lowering  alters  bright- 
ness of  image,  p.  290,  4th  par. 
tubes  may  be  scored  or  marked, 

492 
error  of  paralleliam.  Table  54, 
explan.  p.  407 
Temperate  sone,  211 
Temperature  of  sea  not  a  sure  dgn  of 
land,  1038 
may  indicate  ice,  1038 
may  denote  change  of  wind,  1089 
alters  apparent  place  of  sea  hori- 
Bon.  208 
Terrestrial  refraction,  207 
Theodolite,   use  o^  in   determining 

local  dcTiation,  255 
Theorems,  113 

of  geometry,  p.  83 
Theory,  remarks  on,  Pref.  xi 

notice  of  the  Tolume  doTOted  to, 
Pref.  xi 
Thermometers,  scales.  Table  86 
Tbom,  lir.,  p.  349,  note 
Thomas,  Mr.,  Tariation,  p.  74,  note 
Tide,  age  of,  919 
current,  917 
height  of  the,  918 
hours,  term.  Table  18 
obserrations,  p.  326 
wave,  915 

and  half-tide,  p.  397,  note 
Tides,  p.  317 
causes,  910 

superior  and  inferior,  911 
spring  and  neap,  912 
highest,  913 

causes  of  irregularities,  914 
proper  treatment  of  th*  sabjeot 
Tory  difllcult,  Pref.  x 
Time,  measures  of,  470 

to  couTcrt  into  are,  570 
figures  shewing  manner  of  com- 
puting, p.  154, 156 
accuracy  of,  at  sea,  984 
Tariation  ot^  at  sea,  p.  836 
change  of,  in  Toj^ige  round  the 

world,  970 
account  of,  most  correctiy  kept 
in  tow  lats.  973 


Time,  to  find  by  obierratlon,  p.  260 

by  alt.  of  the  sun,  780 

of  the  moon  or  a  planet,  784 
ofa  star,  782 
choice  of  results,  787 

by  equal  alts.    See  Equal  Alie. 

by  change  of  alt.  near  the  merl« 
dian,  p.  267 

from  double  alt.  p.  251,  note 
Time-ball.  818 
Times,  coUTersion  of,  p.  198 
Toises,  p.  3C8  (8) 
Torrid  sone,  210 
Towson,  Mr.,  tebles,  p.  1 06,  note  f 

do.  fbr  red.  p.  405,  note 
Tracks,  figures  of  different,  390 
Traitt  de  G6oeUeie,  p.  129,  note 
Transit,  def.  453 

bearings,  1059 
Trarerse,  to  work  a,  287 
TraTcrse  sailing.  286 
Traverse  Tables,   1    and  2,   explan. 
p.  365 

use  of,  in  proportioning,  p.  367 

in  right-angled  triangles,  p.  866 

in  reducing  measures,  p.  367 
Triangle,  88 

Trigonometrical  canon,  1 1 1 
Trigonometry,  terms  of,  p.  44 

propos.  of,  p.  45 

rules  for  right  use  ot,  168 
Trim  of  ship,  240,  aflbcte  the  local 

doTiation 
Tropic,  210 
Tropical  year.  465 
Troughton's  circle,  p.  167,  note 

caution  against  over-adjustment, 

J>.  165,  note 
t.  to  reduce  to  app.  657 
course  to  reduce  to  compass^ 
225 
Tube,  plain,  use  ot,  548 
Tula,  p.  137,  note 
TwUight,  434 
Typhoons,  1017 

United  Stetes'  exploring  exped.,  547 

VancouTer,  p.  392 
Varaa,  p.  369(14) 
Variation  of  the  compass,  228 

Table  li.ezpl.  p.  394 

continually  dianges,  228 

to  correct  for,  224 

on  observing  at  sea,  991 

on  obserTing  on  shore,  246 

should  be   constantiy  observed, 
991 

as  obserTod,   inseparably  mixed 
with  local  deriation,  996 

how  marked  in  the  log,  411 
— —  to  find  by  obserration,  p.  808 

by  amplitude,  884 

by  axlmuth,  889 

by  merid.  pass.  890 

by  short  double  alt.  891 

by  equal  alts.  897 

by  pass,  of  the  pr.  Tert.  898 

by  the  time,  902 

by  astronomical  bearings,  908 

remark  on  the  term,  907 
Variations,  daily  and  12-hourly,  Table 

21,  explan.  p.  397 
Variation  charts,  p.  122,  note  f 
Venus,  period,  p.  151,  note  * 

obserTcd  by  day,  p.  338,  note 

inaccuracy  in  lunar  dist.  note, 
p.  293 
declination,  to  reduce,  693 

B.A.  to  reduce,  592 
Vernier,  494 
Versts,  p.  869(12) 
Fenameling  van  Sterre^  %€.»  Tafelatt 

p.  380,  note  * 
Vertex,  on  the  great  circle.  845 

to  find  the,  346 
Vessels,  in  a  sea,  acquire  a  tenden^ 
to  moTe  ahead  or  astern,  968 

abandoned,  1058 
Vldal,  Capt.,  Gulf  of  Guinea,  pp.  174 
175,  note  t 

Flannen  Is.  p.  881 


910 


GENERAL  INDEX. 


Vl«wc   should  be  taken 

posittone,  1060 
YrangeU  Baron,  1084,  (5) 
Vulgar  fractioDB,  p.  I 


with  new 


Water,  procuring,  p.  864 
Waves,  height  of,  647 
Weather,  notation  ot  409 
Weddell,  voy.  1046 
Westing,  200 

Whales  uken  for  rocks,  1046 
Whewell,  Dr.,  p.  81 7,  note 
Whole  numbers,  remark  ea 
to,  86 


Wiokham,  Capt.,  p.  838,  note 
Wilkes.   Lieut.,   exped.  quoted,  909, 

647,  1064 
Wind,  flgcuTS  denoting  force  ot,  409 
change    of,   sometimes    denoted 
bj  temperature  of  the  sea,  1089 
apparent  change  of,  in  tacking, 

due  to  loo.  der.  969 
strength  ot  affected  by  ioe,  1069 
Winds  not  treated  in  this  work,  Fref.  x 
Working  to  aoenra^,   remarks   on 
Pre&Tl 

Na^fg,  Improped,  p.  104, 


Worth,  Capt.,  p.  864,  note 
Wrangel.    See  Vnmgei. 
Wrecks,  floeting.  1058 

Tear,  rlTO,  466 

oommenoement  o^  p.  I9S, 


ZavodoTski,  M.,  p.  877 

Zebra,  H.M.S  ,  p.  171, 

Zenith,  def.  498 
distance,  481 
how  named,  448 

Zodiac  466 

Zone,  910,911 


JUN  3      191b 


LoiiwMt  PBDrnn  bt 

■vomswoora  avd  oo.,  mmw'wnmn  bquam 

ASD  rA&LLumrT  sTmBsr 


Ll 


